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CHAPTER 3 
 

DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, 
AND SYSTEMS 

 
3.1 CONFORMANCE WITH U.S. NUCLEAR REGULATORY COMMISSION GENERAL 

DESIGN CRITERIA 
 
This section describes how the design of Beaver Valley Power Station - 
Unit 2 (BVPS-2) conforms with the U.S. Nuclear Regulatory Commission 
(USNRC) General Design Criteria (GDC), Appendix A of 10 CFR 50, as 
amended through October 27, 1978.  The GDC establish minimum 
requirements for the design of nuclear power plants. 
 
The GDC are intended to guide design of all water-cooled nuclear power 
plants.  The GDC are generic in nature and subject to a variety of 
interpretations.  For this reason, some cases will show that 
conformance to a particular criteria is not directly measurable.  For 
these cases, the conformance of plant design to the interpretation of 
the GDC is discussed.  For each of the 55 criteria promulgated, a 
specific assessment of the plant design is made.  The final safety 
analysis report (FSAR) section that contains the detailed design 
information pertinent to that criterion is given, in addition to 
applicable references.  For the purpose of this report, the terms 
"important to safety,” "safety related," and "safety systems" are 
synonymous. 
 
Based on the contents herein, it can be concluded that the nuclear 
power plant known as BVPS-2 fully satisfies and is in compliance with 
the GDC. 
 
3.1.1  Conformance with Single Failure Criterion 
 
3.1.1.1  Single Failure Criterion 
 
Appendix A to 10 CFR 50 defines single failure criterion as follows: 
 
"A single failure means an occurrence which results in the loss of 
capability of a component to perform its intended safety functions.  
Multiple failures resulting from a single occurrence are considered to 
be a single failure.  Fluid and electric systems are considered to be 
designed against an assumed single failure if neither (1) a single 
failure of any active component (assuming passive components function 
properly) nor (2) a single failure of a passive component (assuming 
active components function properly) results in a loss of the 
capability of the system to perform its safety functions." 
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3.1.1.2  Definition of Terms Used in Single Failure Criterion 
 
3.1.1.2.1  Active Component Failure 
 
An active component failure is the failure of a powered component to 
act on command to perform its design function.  Examples of active 
component failures include the failure of a powered valve to move to 
its correct position, the failure of an electrical breaker or relay to 
respond, or the failure of a pump, fan, or emergency diesel generator 
to start. 
 
3.1.1.2.2  Passive Component Failure 
 
A passive component failure is the structural failure of a static 
component so that it does not perform its intended function.  For 
fluid pressure-boundary components, a passive component failure 
results in a breech of the pressure boundary.  Typical passive 
components include piping, cables, valve bodies, etc. 
 
3.1.1.2.3  Short Term 
 
The short term is defined as that period of operation up to 24 hours 
following an initiating event, except for the emergency core cooling 
system (ECCS) following a loss-of-coolant accident (LOCA) which 
considers the short term as terminating after the system is 
transferred from the injection mode to the recirculation mode. 
 
3.1.1.2.4  Long Term 
 
The long term is defined as the period following the short term (that 
is, greater than 24 hours) during which time the system safety 
function is still required. 
 
3.1.1.3  Application of Single Failure Criterion 
 
The single failure criterion must be applied to all fluid systems, 
electrical power sources, control circuits, etc, which are essential 
to shut down the reactor and to mitigate the consequences of 
postulated events, as defined in American National Standards Institute 
(ANSI) Standard N18.2 for Conditions II, III, and IV.  The following 
guidelines are used with regard to specific applications: 
 

1. The most limiting single failure must be assumed in addition 
to the postulated event and the direct consequences of the 
postulated event, including loss of offsite power if the 
initiating event or its effects result in a reactor or 
turbine trip.  Fluid systems required to shut down the 
reactor and to mitigate the event must be designed to accept 
either a single active failure in the short term, or a single 
passive failure in the long term, with no previous active 
failure in the short term.  Passive failure need not be 
considered in the short term.  Specific 



 BVPS-2 UFSAR Rev. 0 

3.1-2a 

 details on how to apply single failure criteria to high 
energy line breaks are provided in Section 3.6B.1.3.1. 

 
2. Although all systems required to shut down the reactor and to 

mitigate the consequences of the postulated event must be 
designed to the single failure criterion, only one single 
failure and its consequences need be assumed to occur in the 
aggregate of safety-related plant systems. 

 
3. Passive failure in fluid systems required to shut down the 

reactor and to mitigate the consequences of the postulated 
event are limited to 50-gpm 
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leaks, provided the system is designed to Seismic Category I 
requirements.  This leak rate is based on assumed maximum pump seal 
leakage, flange failures, or similar system pressure-boundary 
violations.  A double-ended piping rupture or crack exceeding this 
leak rate is not assumed, provided the Seismic Category I design 
requirements are met.  High-energy piping failures and the effects on 
safety systems are discussed further in Section 3.6. 
 

4. The emergency onsite electrical power sources (both ac and 
dc) and their associated distribution systems are designed to 
have sufficient independence, redundancy, and testability to 
perform their safety functions assuming a single failure, as 
defined in GDC 17.  The protection systems, as defined in GDC 
20 with regard to failure, are designed in accordance with 
Regulatory Guide 1.53. 

 
5. All safety-related electrical/control systems are designed to 

ensure that a single failure cannot cause mechanical motion 
of a passive component of a fluid system in such a way that 
its motion results in total loss of the system safety 
function. 

 
3.1.2  Criterion Conformance 
 
3.1.2.1  Quality Standards and Records (Criterion 1) 
 
3.1.2.1.1  Criterion 
 
"Structures, systems, and components important to safety shall be 
designed, fabricated, erected, and tested to quality standards 
commensurate with the importance of the safety functions to be 
performed.  Where generally recognized codes and standards are used, 
they shall be identified and evaluated to determine their 
applicability, adequacy, and sufficiency, and shall be supplemented or 
modified as necessary to assure a quality product in keeping with the 
required safety function.  A quality assurance program shall be 
established and implemented in order to provide adequate assurance 
that these structures, systems, and components will satisfactorily 
perform their safety functions.  Appropriate records of the design, 
fabrication, erection, and testing of structures, systems, and 
components important to safety shall be maintained by or under the 
control of the nuclear power unit licensee throughout the life of the 
unit." 
 
3.1.2.1.2  Design Conformance 
 
Structures, systems, and components important to safety are designed, 
fabricated, erected, and tested to quality standards commensurate with 
the importance of the safety functions to be performed. 
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Quality standards relating to safety-related structures, systems, and 
components are generally contained in codes such as the American 
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel 
Code.  The applicability of these codes to structures, systems, and 
components identified throughout this report is summarized in 
Section 3.2. 
 
Chapter 17 describes the quality assurance program established to 
provide adequate assurance that safety-related structures, systems, 
and components satisfactorily perform their safety functions. 
 
3.1.2.2 Design Bases for Protection Against Natural Phenomena 

(Criterion 2) 
 
3.1.2.2.1  Criterion 
 
"Structures, systems, and components important to safety shall be 
designed to withstand the effects of natural phenomena, such as 
earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches, 
without loss of capability to perform their safety functions.  The 
design bases for these structures, systems, and components shall 
reflect:  (1) appropriate consideration of the most severe of the 
natural phenomena that have been historically reported for the site 
and surrounding area, with sufficient margin for the limited accuracy, 
quantity, and period of time in which the historical data have been 
accumulated, (2) appropriate combinations of the effects of normal and 
accident conditions with the effects of the natural phenomena, and (3) 
the importance of the safety functions to be performed." 
 
3.1.2.2.2  Design Conformance 
 
The structures, systems, and components important to safety are 
designed to withstand, or be protected from, the effects of natural 
phenomena without loss of capability to perform their safety 
functions.  Those structures, systems, and components important to 
safety are designed to withstand the maximum probable natural 
phenomena expected at the site, determined from recorded data for the 
site vicinity, with appropriate margin to account for uncertainties in 
historical data.  Appropriate combinations of the effects of normal 
and accident conditions with the effects of natural phenomena are 
considered in the plant design. 
 
The nature and magnitudes of the natural phenomena considered in the 
design of BVPS-2 are discussed in Sections 2.3, 2.4, and 2.5.  
Sections 3.3 through 3.7 discuss the design of BVPS-2 in relation to 
natural events.  Seismic and safety classifications, as well as other 
pertinent standards and information, are given in the sections 
discussing individual structures and components. 
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3.1.2.3  Fire Protection (Criterion 3) 
 
3.1.2.3.1  Criterion 
 
"Structures, systems, and components important to safety shall be 
designed and located to minimize, consistent with other safety 
requirements, the probability and effect of fires and explosions.  
Noncombustible and heat-resistant materials shall be used wherever 
practical throughout the unit, particularly in locations such as the 
containment and control room.  Fire detection and fighting systems of 
appropriate capacity and capability shall be provided and designed to 
minimize the adverse effects of fires on structures, systems, and 
components important to safety.  Firefighting systems shall be 
designed to assure that their rupture or inadvertent operation does 
not significantly impair the safety capability of these structures, 
systems, and components." 
 
3.1.2.3.2  Design Conformance 
 
The BVPS-2 structures,  systems, and components are designed and 
located to minimize the probability and effect of fires and 
explosions.  Noncombustibles and fire-resistant materials are used 
wherever practicable. 
 
The requirements of NUREG-0800, (USNRC 1981) Standard Review Plan 
Section 9.5.1 and its Branch Technical Position CMEB 9.5-1, the 
National Fire Protection Association, the American Nuclear Insurers, 
and other applicable codes and regulations are considered in the 
design, installation, and testing of the system and components. 
 
The fire protection system (FPS) is designed to detect, annunciate, 
and extinguish postulated fires.  A suitable combination of electrical 
isolation, physical distance, barriers, resistance to combustion, and 
automatic and/or manual protection is applied to adequately maintain 
effective independence of redundant safety-related equipment (the 
availability of safety functions in spite of postulated fires). 
 
The FPS in safety-related areas is seismically supported to assure 
that it does not impair the function of safety-related structures, 
systems, and components. 
 
The FPS is designed in such a manner that the failure of a part, or 
any of its components, or inadvertent operation does not impair the 
safety-related structures, systems, and components.  Fire detection, 
annunciation, and extinguishing systems are periodically tested and 
inspected to assure reliability and to protect against the adverse 
effects of fires on structures, systems, and components important to 
safety.  The FPS is discussed in Section 9.5.1. 
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3.1.2.4  Environmental and Missile Design Bases (Criterion 4) 
 
3.1.2.4.1  Criterion 
 
"Structures, systems, and components important to safety shall be 
designed to accommodate the effects of and to be compatible with the 
environmental conditions associated with normal operation, 
maintenance, testing, and postulated accidents, including loss-of-
coolant accidents.  These structures, systems, and components shall be 
appropriately protected against dynamic effects, including the effects 
of missiles, pipe whipping, and discharging fluids, that may result 
from equipment failures and from events and conditions outside the 
nuclear power unit." 
 
3.1.2.4.2  Design Conformance 
 
Structures, systems, and components important to safety are designed 
to accommodate the effects of, and to be compatible with, the 
environmental conditions associated with normal operation, 
maintenance, testing, and postulated accidents, including LOCA.  
Criteria are presented in Sections 3.5 through 3.10; environmental 
conditions are described in Section 3.11. 
 
These structures, systems, and components are appropriately protected 
against or designed to accommodate dynamic effects, including the 
effects of missiles, pipe whipping, and discharging fluids, that may 
result from equipment failures, and from events and conditions outside 
the nuclear power unit.  Details of the design, testing, and 
construction of these systems, structures, and components are included 
in Chapters 3, 5, 6, 7, 9, 10, and 15.  Evaluation of the performance 
of safety features is contained in Chapter 6. 
 
3.1.2.5  Sharing of Structures, Systems, and Components (Criterion 5) 
 
3.1.2.5.1  Criterion 
 
"Structures, systems, and components important to safety shall not be 
shared between nuclear power units unless it is shown that such 
sharing does not significantly impair their ability to perform their 
safety functions, including, in the event of an accident in one unit, 
an orderly shutdown and cooldown of the remaining units." 
 
3.1.2.5.2  Design Conformance 
 
Systems, structures, and components shared by Beaver Valley Power 
Station - Unit 1 (BVPS-1) and BVPS-2 are presented in Section 1.2.1. 
 
Sharing of any of these systems, structures, and components does not 
impair the safety of the reactor facilities in accordance with GDC 5. 
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3.1.2.6  Criterion 6 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.7  Criterion 7 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.8  Criterion 8 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.9  Criterion 9 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.10  Reactor Design (Criterion 10) 
 
3.1.2.10.1  Criterion 
 
"The reactor core and associated coolant, control, and protection 
systems shall be designed with appropriate margin to assure that 
specified acceptable fuel design limits are not exceeded during any 
condition of normal operation, including the effects of anticipated 
operational occurrences." 
 
3.1.2.10.2  Design Conformance 
 
The reactor core and associated coolant, control, and protection 
systems are designed with adequate margins to: 
 

1. Assure that fuel damage (defined as penetration of the 
fission product barrier, that is the fuel rod clad) is not 
expected during normal core operation and operational 
transients (Condition I) or any transient conditions arising 
from occurrences of moderate frequency (Condition II).  
(Conditions I and II are defined by ANSI N18.2-73.)  It is 
not possible, however, to preclude a very small number of rod 
failures.  These are within the capability of the BVPS-2 
cleanup system and are consistent with BVPS-2 design bases. 

 
2. Ensure return of the reactor to a safe state following a 

Condition III (as defined by ANSI-N18.2-73) event with only a 
small fraction of fuel rods damaged although sufficient fuel 
damage might occur to preclude immediate resumption of 
operation. 

 
3. Assure that the core is intact with acceptable heat transfer 

geometry following transients arising from occurrences of 
limiting faults (Condition IV as defined by ANSI-N18.2-73). 
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Chapter 4 discusses the design bases and design evaluation of core 
components.  Details of the control and protection systems 
instrumentation design and logic are discussed in Chapter 7.  This 
information supports the accident analyses of Chapter 15 which show 
that the acceptable fuel design limits are not exceeded for Conditions 
I and II occurrences. 
 
3.1.2.11  Reactor Inherent Protection (Criterion 11) 
 
3.1.2.11.1  Criterion 
 
"The reactor core and associated coolant systems shall be designed so 
that in the power operating range the net effect of the prompt 
inherent nuclear feedback characteristics tends to compensate for a 
rapid increase in reactivity." 
 
3.1.2.11.2  Design Conformance 
 
When the reactor is critical, prompt compensatory reactivity feedback 
effects are assured by the negative fuel temperature effect (Doppler 
effect) and by the operational limit on moderator temperature 
coefficient of reactivity at 100 percent power, and less than +2.0 
pcm/°F below 70 percent power.  From 70 percent power to 100 percent 
power, the limit on the moderator temperature coefficient of 
reactivity decreases linearly from +2.0 pcm/°F to 0.0 pcm/°F.  The 
negative Doppler coefficient of reactivity is assured by the inherent 
design using low-enrichment fuel.  The moderator temperature 
coefficient limits of reactivity are assured by administratively 
controlling either the dissolved absorber concentration, burnable 
poison, and/or rod withdrawal limits. 
 
These reactivity coefficients are discussed in Section 4.3. 
 
3.1.2.12 Suppression of Reactor Power Oscillations (Criterion 12) 
 
3.1.2.12.1  Criterion 
 
"The reactor core and associated coolant, control, and protection 
systems shall be designed to assure that power oscillations which can 
result in conditions exceeding specified acceptable fuel design limits 
are not possible or can be reliably and readily detected and 
suppressed." 
 
3.1.2.12.1.2  Design Conformance 
 
Power oscillations of the fundamental mode are inherently eliminated 
by the negative Doppler and the moderator temperature coefficient 
limits of reactivity. 
 
Oscillations, due to xenon spatial effects in the radial, diametral, 
and azimuthal overtone modes are heavily damped due to the inherent 
design and due to the negative Doppler and the moderator temperature 
coefficient limits of reactivity. 
 
Oscillations, due to xenon spatial effects in the axial first overtone 
mode may occur.  Assurance that fuel design limits are not
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exceeded by xenon  axial oscillations is provided by reactor trip 
functions using the measured axial power imbalance as an input. 
 
Oscillations, due to xenon spatial effects, in axial modes higher than 
the first overtone, are heavily damped due to the inherent design and 
due to the negative Doppler coefficient of reactivity.  Xenon 
stability control is discussed in Section 4.3. 
 
3.1.2.13  Instrumentation and Control (Criterion 13) 
 
3.1.2.13.1  Criterion 
 
"Instrumentation and control shall be provided to monitor variables 
and systems over their anticipated ranges for normal operation, for 
anticipated operational occurrences, and for accident conditions as 
appropriate to assure adequate safety, including those variables and 
systems that can affect the fission process, the integrity of the 
reactor core, the reactor coolant pressure boundary, and the 
containment and its associated systems.  Appropriate controls shall be 
provided to maintain these variables and systems within prescribed 
operating ranges." 
 
3.1.2.13.2  Design Conformance 
 
Instrumentation and controls are provided to monitor and control 
neutron flux, control rod position, temperature, pressures, flows, and 
levels as necessary to assure that adequate plant safety can be 
maintained.  Instrumentation is provided in the reactor coolant system 
(RCS), steam and power conversion system, the containment, engineered 
safety features (ESF) systems, and other auxiliaries.  Parameters that 
must be provided for operator use under normal operating and accident 
conditions are indicated in the control room in proximity to the 
controls for maintaining the indicated parameter in the proper range. 
 
The quantity and types of process instrumentation provided ensure safe 
and orderly operation of all systems over the full design range of 
BVPS-2.  These systems are described in Chapters 6, 7, 8, 9, 11, and 
12. 
 
3.1.2.14  Reactor Coolant Pressure Boundary (Criterion 14) 
 
3.1.2.14.1  Criterion 
 
"The reactor coolant pressure boundary shall be designed, fabricated, 
erected, and tested so as to have an extremely low probability of 
abnormal leakage, of rapidly propagating failure, and of gross 
rupture." 
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3.1.2.14.2  Design Conformance 
 
The RCS boundary is designed to accommodate the system pressures and 
temperatures attained under all expected modes of BVPS-2 operation, 
including all anticipated transients, and to maintain the stresses 
within applicable stress limits.  Refer to Section 3.9 for details.  
Reactor coolant pressure boundary (RCPB) materials selection and 
fabrication techniques ensure a low probability of gross rupture or 
significant leakage. 
 
In addition to the loads imposed on the system under normal operating 
conditions, consideration is also given to abnormal loading 
conditions, such as seismic and pipe rupture as discussed in Sections 
3.6 and 3.7.  The system is protected from overpressure by means of 
pressure relieving devices as required by applicable codes.  Refer to 
Section 5.2.2. 
 
The RCS boundary has provisions for inspection, testing, and 
surveillance of critical areas to assess the structural and leaktight 
integrity.  Details are given in Section 5.2.  For the reactor vessel, 
a material surveillance program conforming to applicable codes is 
provided.  Section 5.3 gives details. 
 
3.1.2.15  Reactor Coolant System Design (Criterion 15) 
 
3.1.2.15.1  Criterion 
 
"The reactor coolant system and associated auxiliary, control, and 
protection systems shall be designed with sufficient margin to assure 
that the design conditions of the reactor coolant pressure boundary 
are not exceeded during any condition of normal operation, including 
anticipated operational occurrences." 
 
3.1.2.15.2  Design Conformance 
 
The design pressure and temperature for each component in the reactor 
coolant and associated auxiliary, control, and protection systems are 
selected to be above the maximum coolant pressure and temperature 
under all normal and anticipated transient load conditions. 
 
Additionally, RCPB components achieve a large margin of safety by the 
use of proven ASME materials and design codes, use of proven 
fabrication techniques, nondestructive shop testing, and integrated 
hydrostatic testing of assembled components.  Chapter 5 discusses the 
RCS design. 
 
3.1.2.16  Containment Design (Criterion 16) 
 
3.1.2.16.1  Criterion 
 
"Reactor containment and associated systems shall be provided to 
establish an essentially leaktight barrier against the uncontrolled 
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release of radioactivity to the environment and to assure that the 
containment design conditions important to safety are not exceeded for 
as long as postulated accident conditions require." 
 
3.1.2.16.2  Design Conformance 
 
A steel-lined, reinforced concrete containment structure, maintained 
at subatmospheric pressure, encloses the entire RCS and provides an 
essentially leaktight barrier.  The containment structure and the 
engineered safety features are designed to withstand internal and 
external environmental conditions that may reasonably be expected 
during the life of the BVPS-2 and to ensure that the short and long 
term conditions following a LOCA do not exceed the design bases.  
Following a design basis accident (DBA), the recirculation and quench 
spray systems (QSS) cool and depressurize the containment atmosphere 
to maintain the pressure and temperature below the containment design 
values. 
 
 Reference Sections 
 
  Title     Section 
 
 Concrete Containment   3.8.1 
 
 Containment Functional 
 Design     6.2.1 
 
 Quench Spray System   6.2.2.2.1 
 
 Recirculation Spray System  6.2.2.2.2 
 
3.1.2.17  Electric Power Systems (Criterion 17) 
 
3.1.2.17.1  Criterion 
 
"An onsite electric power system and an offsite electric power system 
shall be provided to permit functioning of structures, systems, and 
components important to safety.  The safety function for each system 
(assuming the other system is not functioning) shall be to provide 
sufficient capacity and capability to assure that (1) specified 
acceptable fuel design limits and design conditions of the reactor 
coolant pressure boundary are not exceeded as a result of anticipated 
operational occurrences, and (2) the core is cooled and containment 
integrity and other vital functions are maintained in the event of 
postulated accidents. 
 
"The onsite electric power sources, including the batteries, and the 
onsite electric distribution system, shall have sufficient 
independence, redundancy, and testability to perform their safety 
functions assuming a single failure. 
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"Electric power from the transmission network to the onsite electric 
distribution system shall be supplied by two physically independent 
circuits (not necessarily on separate rights of way) designed and 
located so as to minimize to the extent practical the likelihood of 
their simultaneous failure under operating and postulated accident and 
environmental conditions.  A switchyard common to both circuits is 
acceptable.  Each of these circuits shall be designed to be available 
in sufficient time following a loss of all onsite alternating current 
power supplies and the other offsite electric power circuit, to assure 
that specified acceptable fuel design limits and design conditions of 
the reactor coolant pressure boundary are not exceeded.  One of these 
circuits shall be designed to be available within a few seconds 
following a loss-of-coolant accident to assure that core cooling, 
containment integrity, and other vital safety functions are 
maintained. 
 
"Provisions shall be included to minimize the probability of losing 
electric power from any of the remaining sources as a result of, or 
coincident with, the loss of power generated by the nuclear power 
unit, the loss of power from the transmission network, or the loss of 
power from the onsite electric power sources." 
 
3.1.2.17.2  Design Conformance 
 
The electric power system (EPS) design includes two offsite power 
systems and two onsite power systems.  Each system provides sufficient 
capability for operating all safety-related equipment which must be 
operated in the event of postulated accidents. 
 
The onsite emergency power system consists of an ac emergency power 
system, a 125 V dc power system, and a 120 V ac vital bus system, as 
described in Section 8.3. 
 
The ac emergency power system consists of two separate, physically 
independent, 4,160 V, 3-phase, 60 Hz, diesel-driven, synchronous 
generators, and their associated control, distribution, and auxiliary 
equipment, as shown on Figure 8.3-1.  Each emergency diesel generator 
accelerates to speed and is capable of accepting load within 
10 seconds. 
 
Four 125 V dc systems, complete with batteries, charging equipment, 
switchgear, and distribution equipment, are provided for safety-
related equipment.  These systems are described in Section 8.3.2. 
 
A safety-related 120 V ac vital bus system is provided to supply power 
for the engineered safeguards protection channels.  This very stable 
and reliable system consists of four single-phase inverters and the 
necessary switchgear and distribution equipment.  This system is  
described more fully in Section 8.3.1. 
 
The onsite emergency power system has sufficient independence, 
redundancy, and testability, as discussed in Sections 1.8.6, 
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3.1.2.18, 8.3.1, and 8.3.2, to perform its safety function assuming a 
single failure. 
 
Two physically separate offsite station power systems are fed by two 
independent circuits from separate buses in a switchyard common to 
both, as shown on Figures 8.1-1, 8.1-2, and 1.2-1. 
 
Both offsite power systems are normally energized and are designed to 
be available immediately upon loss of all onsite ac power sources, 
since an automatic transfer scheme is provided for this purpose at the 
4 kV bus level.  This scheme is described in Section 8.3. 
 
3.1.2.18 Inspection and Testing of Electric Power Systems (Criterion 

18) 
 
3.1.2.18.1  Criterion 
 
"Electric power systems important to safety shall be designed to 
permit appropriate periodic inspection and testing of important areas 
and features, such as wiring, insulation, connections, and 
switchboards, to assess the continuity of the systems and the 
condition of their components.  The systems shall be designed with a 
capability to test periodically (1) the operability and functional 
performance of the components of the systems, such as onsite power 
sources, relays, switches, and buses, and (2) the operability of the 
systems as a whole and, under conditions as close to design as 
practical, the full operation sequence that brings the systems into 
operation, including operation of applicable portions of the 
protection system, and the transfer of power among the nuclear power 
unit, the offsite power system, and the onsite power system." 
 
3.1.2.18.2  Design Conformance 
 
3.1.2.18.2.1  Preservice 
 
Electrical equipment is specified for manufacture and testing in 
accordance with the requirements of the National Electrical 
Manufacturers Association, the Institute of Electrical and Electronics 
Engineers (IEEE), or the ANSI standards, where applicable, as listed 
in Section 8.1. 
 
Electrical equipment is properly protected during shipment and 
storage. 
 
Special attention is given to mechanical alignment and electrical 
ground connections.  The di-electric of insulation is measured and 
corrected, if necessary, before equipment is energized. 
 
Tests and inspections will be conducted to ensure that all components 
are correct and properly mounted, connections are correct, circuits 
are continuous, and components are operational. 
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Tests will be conducted to determine that emergency loads do not 
exceed the diesel generator rating and that each diesel generator is 
suitable for starting and for accepting and operating the required 
loads. 
 
Protective relays  are set and calibrated, and metering devices have 
calibration checked by the Applicant's trained personnel. 
 
3.1.2.18.2.2  Inservice 
 
The availability and proper action of safety-related EPSs can be 
tested periodically. 
 
Testing of the automatic bus transfer scheme at the 4,160 V level is 
performed periodically. 
 
The station batteries which supply control power for operating major 
motor starters and nuclear safety protection systems are kept at a 
constant voltage and are monitored continuously for voltage variations 
or undesired ground connections.  Station batteries are subjected to 
periodic inspection. 
 
The loading and automatic starting features of the emergency diesel 
generators are tested periodically. 
 
Electrical equipment and circuits are subjected to a periodic 
preventive maintenance program as appropriate. 
 
The inspection and testing of the EPS is discussed more fully in 
Section 8.3. 
 
3.1.2.19  Control Room (Criterion 19) 
 
3.1.2.19.1  Criterion 
 
"A control room shall be provided from which actions can be taken to 
operate the nuclear power unit safely under normal conditions and to 
maintain it in a safe condition under accident conditions, including 
loss-of-coolant accident.  Adequate radiation protection shall be 
provided to permit access and occupancy of the control room under 
accident conditions without personnel receiving radiation exposures in 
excess of 5 rem whole body, or its equivalent to any part of the body, 
for the duration of the accident. 
 
"Equipment at appropriate locations outside the control room shall be 
provided with a design capability for prompt hot shutdown of the 
reactor, including necessary instrumentation and controls to maintain 
the unit in a safe condition during hot shutdown, and with a potential 
capability for subsequent cold shutdown of the reactor through the use 
of suitable procedures." 
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Design Conformance 
 
A control room is provided and equipped to operate BVPS-2 safely under 
normal and accident conditions.  Control room shielding and 
ventilation are designed to permit continuous occupancy of the control 
room for the duration of any accident, including LOCA. 
 
An emergency shutdown panel with equipment, controls, and 
instrumentation is provided to accomplish, in conjunction with other 
controls outside the control room, a prompt hot or subsequent cold 
shutdown in a safe manner. 
 
The emergency shutdown panel is located in the control building in a 
room physically isolated from the control room, so that any occurrence 
which could cause the control room to become uninhabitable has no 
effect on the availability of the emergency shutdown panel and other 
controls.  Also, equipment, controls, and instrumentation are located 
throughout BVPS-2 and the emergency shutdown panel to provide 
capability for a subsequent cold shutdown of the reactor. 
 
The design of the control building, which houses the control room and 
the emergency shutdown panel area, conforms with GDC 19. 
 
 Reference Sections 
 
  Title    Section 
 
 Habitability Systems    6.4 
 
 Systems Required for a 
 Safe Shutdown     7.4 
 
 Control Building Heating, 
 Ventilation, and Air- 
 Conditioning Systems    9.4.1 
 
3.1.2.20  Protection System Functions (Criterion 20) 
 
3.1.2.20.1  Criterion 
 
"The protection system shall be designed (1) to initiate automatically 
the operation of appropriate systems including the reactivity control 
systems, to assure that specified acceptable fuel design limits are 
not exceeded as a result of anticipated operational occurrences and, 
(2) to sense accident conditions and to initiate the operation of 
systems and components important to safety." 
 
3.1.2.20.2  Design Conformance 
 
A fully automatic protection system with appropriate redundant 
channels is provided to cope with transients where insufficient time 
is available for manual corrective action.  The design basis for all 
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protection systems is in accordance with the intent of IEEE Standard 
279-1971 and IEEE Standard 379-1972.  The reactor protection system 
automatically initiates a reactor trip when any variable monitored by 
the system or combination of monitored variables exceeds the normal 
operating range.  Set points are designed to provide an envelope of 
safe operating conditions with adequate margin for uncertainties to 
ensure that fuel design limits are not exceeded. 
 
Reactor trip is initiated by removing power to the rod drive 
mechanisms of all full length rod cluster control assemblies (RCCAs).  
This causes the rods to insert by gravity and rapidly reduces the 
reactor power output.  The response and adequacy of the protection 
system has been verified by analysis of anticipated transients. 
 
The engineered safety features actuation system (ESFAS) automatically 
initiates emergency core cooling, and other safeguards functions, by 
sensing accident conditions using redundant analog channels measuring 
diverse variables.  Manual actuation of safeguards may be performed 
where ample time is available for operator action.  The ESFAS 
automatically trips the reactor on manual or automatic safety 
injection signal generation. 
 
3.1.2.21 Protection System Reliability and Testability (Criterion 

21) 
 
3.1.2.21.1  Criterion 
 
"The protection system shall be designed for high functional 
reliability and inservice testability commensurate with the safety 
functions to be performed.  Redundancy and independence designed into 
the protection system shall be sufficient to assure that (1) no single 
failure results in loss of the protection function and (2) removal 
from service of any component or channel does not result in loss of 
the required minimum redundancy unless the acceptable reliability of 
operation of the protection system can be otherwise demonstrated.  The 
protection system shall be designed to permit periodic testing of its 
functioning when the reactor is in operation, including a capability 
to test channels independently to determine failures and losses of 
redundancy that may have occurred." 
 
3.1.2.21.2  Design Conformance 
 
The protection system is designed for high functional reliability and 
inservice testability. 
 
Compliance with this criterion is discussed in Sections 7.2.2.2.3 and 
7.3.2.2.5. 
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3.1.2.22  Protection System Independence (Criterion 22) 
 
3.1.2.22.1  Criterion 
 
"The protection system shall be designed to assure that the effects of 
natural phenomena, and of normal operating, maintenance, testing, and 
postulated accident conditions on redundant channels do not result in 
loss of the protection function, or shall be demonstrated to be 
acceptable on some other defined basis.  Design techniques, such as 
functional diversity or diversity in component design and principles 
of operation, shall be used to the extent practical to prevent loss of 
the protection function." 
 
3.1.2.22.2  Design Conformance 
 
Protection system components are designed and arranged so that the 
environment accompanying any emergency situation in which the 
components are required to function does not result in loss of the 
safety function.  Various means are used to accomplish this.  
Functional diversity has been designed into the system.  The extent of 
this functional diversity has been evaluated for a wide variety of 
postulated accidents.  Diverse protection functions will automatically 
terminate an accident before intolerable consequences can occur.  Each 
parameter is also provided with redundant channels, which are 
physically separated from each other.  Manual initiation of reactor 
trip and safety injection is also provided.  The reactor trip system 
(RTS) is discussed in Section 7.2.  The ESF system is discussed in 
Section 7.3. 
 
High quality components, conservative design and applicable quality 
control, inspection, calibration, and tests are utilized to guard 
against common-mode failure.  Qualification testing is performed on 
the various safety systems to demonstrate functional operation at 
normal and postaccident conditions of temperature, humidity, pressure, 
and radiation for specified periods if required.  Typical protection 
system equipment is subjected to type tests under simulated seismic 
conditions using conservatively large accelerations and applicable 
frequencies.  The test results indicate no loss of the protection 
function.  Further details are given in Section 3.10. 
 
3.1.2.23  Protection System Failure Modes (Criterion 23) 
 
3.1.2.23.1  Criterion 
 
"The protection system shall be designed to fail into a safe state or 
into a state demonstrated to be acceptable on some other defined basis 
if conditions such as disconnection of the system, loss of energy 
(e.g., electric power, instrument air), or postulated adverse 
environments (e.g., extreme heat or cold, fire, pressure, steam, 
water, and radiation) are experienced.” 
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3.1.2.23.2  Design Conformance 
 
The protection system is designed with due consideration of the most 
probable failure modes of the components under various perturbations 
of the environment and of energy sources.  Each reactor trip channel 
is designed on the deenergize-to-trip principle so loss of power, 
disconnection, open-channel faults, and the majority of internal 
channel short-circuit faults cause the channel to go into its tripped 
mode.  The protection system is discussed in Sections 7.2 and 7.3 
 
3.1.2.24 Separation of Protection and Control Systems (Criterion 24) 
 
3.1.2.24.1  Criterion 
 
"The protection system shall be separated from control systems to the 
extent that failure of any single control system component or channel, 
or failure or removal from service of any single protection system 
component or channel which is common to the control and protection 
systems leaves intact a system satisfying all reliability, redundancy, 
and independence requirements of the protection system.  
Interconnection of the protection and control systems shall be limited 
so as to assure that safety is not significantly impaired." 
 
3.1.2.24.2  Design Conformance 
 
The protection system is separate and distinct from the control 
systems.  Control systems may be dependent on the protection system in 
that control signals are derived from protection system measurements 
where applicable.  These signals are transferred to the control system 
by isolation amplifiers, which are classified as protection 
components.  The adequacy of system isolation has been verified by 
testing under conditions of postulated credible faults.  The failure 
of any single control system component or channel, or failure or 
removal from service of any single protection system component or 
channel, which is common to the control and protection system, leaves 
intact a system which satisfies the requirements of the protection 
system.  Distinction between channel and train is made in this 
discussion.  The removal of a train from service is allowed only 
during testing of the train. 
 
3.1.2.25 Protection System Requirements or Reactivity Control 

Malfunctions (Criterion 25) 
 
3.1.2.25.1  Criterion 
 
"The protection system shall be designed to assure that specified 
acceptable fuel design limits are not exceeded for any single 
malfunction of the reactivity control systems, such as accidental 
withdrawal (not ejection or dropout) of control rods." 
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3.1.2.25.2  Design Conformance 
 
The protection system is designed to limit reactivity transients so 
that fuel design limits are not exceeded.  Reactor shutdown by full 
length rod insertion is completely independent of the normal control 
function since the trip breakers interrupt power to the rod mechanisms 
regardless of existing control signals.  Thus, in the postulated 
accidental withdrawal, (assumed to be initiated by a control 
malfunction) flux, temperature, pressure, level, and flow signals 
would be independently generated.  Any of these signals (trip demands) 
would operate the breakers to trip the reactor. 
 
Analyses of the effects of possible malfunctions are discussed in 
Chapter 15.  These analyses show that for postulated dilution during 
refueling, start-up, or manual or automatic operation at power, the 
operator has ample time to determine the cause of dilution, terminate 
the source of dilution, and initiate reboration before the shutdown 
margin is lost.  The analyses show that acceptable fuel damage limits 
are not exceeded even in the event of a single malfunction of either 
system. 
 
3.1.2.26 Reactivity Control System Redundancy and Capability 

(Criterion 26) 
 
3.1.2.26.1  Criterion 
 
"Two independent reactivity control systems of different design 
principles shall be provided.  One of the systems shall use control 
rods, preferably including a positive means for inserting the rods, 
and shall be capable of reliably controlling reactivity changes to 
assure that under conditions of normal operation, including 
anticipated operational occurrences, and with appropriate margin for 
malfunctions such as stuck rods, specified acceptable fuel design 
limits are not exceeded.  The second reactivity control system shall 
be capable of reliably controlling the rate of reactivity changes 
resulting from planned, normal power changes (including xenon burnout) 
to assure acceptable fuel design limits are not exceeded.  One of the 
systems shall be capable of holding the reactor core subcritical under 
cold conditions." 
 
3.1.2.26.2  Design Conformance 
 
Two reactivity control systems are provided.  These are rod cluster 
control assemblies (RCCAs) and chemical shim (boric acid).  The RCCAs 
are inserted into the core by the force of gravity. 
 
During operation, the shutdown rod banks are fully withdrawn.  The 
full length control rod system automatically maintains a programmed 
average reactor temperature and compensates for reactivity effects 
associated with scheduled and transient load changes.  The shutdown 
rod banks along with the full length control banks are designed to 
shut down the reactor with adequate margin under conditions of normal
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operation and anticipated operational occurrences, thereby ensuring 
that specified fuel design limits are not exceeded.  The most 
restrictive period in  core life is assumed in all analyses and the 
most reactive rod cluster is assumed to be in the fully withdrawn 
position. 
 
Boric acid from the chemical and volume control system (CVCS) will 
maintain the reactor in the cold shutdown state independent of the 
position of the control rods and can compensate for xenon burnout 
transients. 
 
Details of the construction of the RCCAs are presented in Chapter 4 
and their operations are discussed in Chapter 7.  The means of 
controlling the boric acid concentration are described in Chapter 9.  
Performance analyses under accident conditions are included in Chapter 
15. 
 
3.1.2.27 Combined Reactivity Control Systems Capability (Criterion 

27) 
 
3.1.2.27.1  Criterion 
 
"The reactivity control systems shall be designed to have a combined 
capability, in conjunction with poison addition by the emergency core 
cooling system, of reliably controlling reactivity changes to assure 
that under postulated accident conditions and with appropriate margin 
for stuck rods the capability to cool the core is maintained." 
 
3.1.2.27.2  Design Conformance 
 
Beaver Valley Power Station - Unit 2 is provided with means of making 
and holding the core subcritical under any anticipated conditions and 
with appropriate margin for contingencies.  These means are discussed 
in detail in Chapters 4 and 9.  Combined use of the rod cluster 
control system and the chemical shim control system permits the 
necessary shutdown margin to be maintained during long term xenon 
decay and BVPS-2 cooldown.  The single highest worth control cluster 
is assumed to be stuck full out upon trip for this determination. 
 
3.1.2.28  Reactivity Limits (Criterion 28) 
 
3.1.2.28.1  Criterion 
 
"The reactivity control systems shall be designed with appropriate 
limits on the potential amount and rate of reactivity increase to 
assure that the effects of postulated reactivity accidents can neither 
(1) result in damage to the reactor coolant pressure boundary greater 
than limited local yielding nor (2) sufficiently disturb the core, its 
support structures or other reactor pressure vessel internals to 
impair significantly the capability to cool the core.  These 
postulated reactivity accidents shall include consideration of rod 
ejection  (unless  prevented  by positive  means), rod  dropout, steam 
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line rupture, changes in reactor coolant temperature and pressure, and 
cold water addition." 
 
3.1.2.28.2  Design Conformance 
 
The maximum reactivity worth of control rods and the maximum rates of 
reactivity insertion employing control rods are limited to values that 
prevent rupture of the RCS boundary or disruptions of the core or 
vessel internals to a degree that could impair the effectiveness of 
emergency core cooling. 
 
The maximum positive reactivity insertion rates for the withdrawal of 
RCCAs and the dilution of the boric acid in the RCS are limited by the 
physical design characteristics of the RCCAs and of the CVCS.  
Technical Specifications on shutdown margin and on RCCA insertion 
limits and bank overlaps as functions of power provide additional 
assurance that the consequences of the postulated accidents are no 
more severe than those presented in the analyses of Chapter 15.  
Reactivity insertion rates, dilution, and withdrawal limits are also 
discussed in Section 4.3.  The capability of the CVCS to avoid an 
inadvertent excessive rate of boron dilution is discussed in Chapter 
15. 
 
Assurance of core cooling capability following Condition IV accidents, 
such as rod ejections, steam line break, etc., is given in keeping the 
RCPB stresses within faulted condition limits as specified by 
applicable ASME Codes.  Structural deformations are checked also and 
limited to values that do not jeopardize the operation of necessary 
safety features. 
 
3.1.2.29 Protection Against Anticipated Operational Occurrences 

(Criterion 29) 
 
3.1.2.29.1  Criterion 
 
"The protection and reactivity control systems shall be designed to 
assure an extremely high probability of accomplishing their safety 
functions in the event of anticipated operational occurrences." 
 
3.1.2.29.2  Design Conformance 
 
The protection and reactivity control systems are designed to assure 
extremely high probability of performing their required safety 
functions in any anticipated operational occurrences.  Likely failure 
modes of system components are designed to be safe modes.  Equipment 
used in these systems is designed, constructed, operated, and 
maintained with a high level of reliability.  Loss of power to the 
protection system results in a reactor trip.  Details of system design 
are covered in Chapter 7.  Refer to GDC 20 through 25 for further 
discussion. 
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3.1.2.30 Quality of Reactor Coolant Pressure Boundary (Criterion 30) 
 
3.1.2.30.1  Criterion 
 
"Components which are part of the reactor coolant pressure boundary 
shall be designed, fabricated, erected, and tested to the highest 
quality standards practical.  Means shall be provided for detecting 
and, to the extent practical, identifying the location of the source 
of reactor coolant leakage." 
 
3.1.2.30.2  Design Conformance 
 
Reactor coolant pressure boundary components are designed, fabricated, 
inspected and tested in conformance with ASME Nuclear Power Plant 
Components Code, Section III.  All components are classified according 
to ANSI N18.2-1973 and are accorded the quality measures appropriate 
to the classification.  The design bases and evaluations of RCPB 
components are discussed in Chapter 5. 
 
Leakage is detected by an increase in the amount of makeup of water 
required to maintain a normal level in the pressurizer.  The reactor 
vessel closure joint is provided with a temperature monitored leak-off 
between double gaskets.  Leakage into the reactor containment is 
drained to the reactor building sump where it is monitored. 
 
Leakage is also detected by measuring the airborne activity. 
Monitoring the inventory of reactor coolant in the system at the 
pressurizer, volume control tank, and coolant drain collection tanks 
provides an accurate indication of integrated leakage. 
 
The RCPB leakage detection system is discussed in Section 5.2.5. 
 
3.1.2.31 Fracture Prevention of Reactor Coolant Pressure Boundary 

(Criterion 31) 
 
3.1.2.31.1  Criterion 
 
"The reactor coolant pressure boundary shall be designed with 
sufficient margin to assure that when stressed under operating, 
maintenance, testing, and postulated accident conditions (1) the 
boundary behaves in a nonbrittle manner and (2) the probability of 
rapidly propagating fracture is minimized.  The design shall reflect 
consideration of service temperatures and other conditions of the 
boundary material under operating, maintenance, testing and postulated 
accident conditions and the uncertainties in determining (1) material 
properties, (2) the effects of irradiation on material properties, (3) 
residual, steady-state and transient stresses, and (4) size of flaws." 
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3.1.2.31.2  Design Conformance 
 
Close control is maintained over material selection and fabrication 
for the RCS to assure that the boundary behaves in a nonbrittle 
manner.  The RCS materials, which are exposed to the coolant, are 
corrosion resistant stainless steel or Inconel.  The reference 
temperature (RTNDT) of the reactor vessel structural steel is 
established by Charpy V notch and drop weight tests in accordance with 
10 CFR 50, Appendix G. 
 
As part of the reactor vessel specification certain requirements, 
which are not specified by the applicable ASME Codes, are performed as 
follows: 
 

1. Ultrasonic Testing - In addition to code requirements, the 
performance of a 100 percent volumetric ultrasonic test of 
reactor vessel plate for shear wave and a posthydro test 
ultrasonic map of all welds in the pressure vessel are 
required.  Cladding bond ultrasonic inspection to more 
restrictive requirements than those specified in the code is 
also required to preclude interpretation problems during 
inservice inspection. 

 
2. Radiation Surveillance Program - In the surveillance 

programs, the evaluation of the radiation damage is based on 
pre-irradiation and postirradiation testing of Charpy V notch 
and tensile specimens.  These programs are directed toward 
evaluation of the effect of radiation on the fracture 
toughness of reactor vessel steels based on the reference 
transition temperature approach and the fracture mechanics 
approach, and are in accordance with the requirements of 
10 CFR 50, Appendix H. 

 
3. Reactor vessel core region material chemistry (copper and 

phosphorous) is controlled to reduce sensitivity to 
embrittlement due to irradiation over the life of BVPS-2. 

 
The fabrication and quality control techniques used in the fabrication 
of the RCS are equivalent to those used for the reactor vessel.  The 
inspections of reactor vessel, pressurizer, piping, pumps, and steam 
generators are governed by ASME Code requirements.  Details are 
provided in Chapter 5. 
 
Allowable pressure-temperature relationships for BVPS-2 heatup and 
cooldown rates are calculated using methods derived from the ASME 
Code, Section III, Appendix G, Protection Against Non-Ductile Failure.  
The approach specifies that allowed stress intensity factors for all 
vessel operating conditions shall not exceed the reference stress 
intensity  factor  for  the  metal  temperature  at any time.  
Operating   specifications   include    conservative    margins    for 
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predicted changes in the material reference temperatures (RTNDT) due to 
irradiation.  These pressure-temperature relationships are in 
accordance with 10 CFR 50, Appendix G. 
 
3.1.2.32 Inspection of Reactor Coolant Pressure Boundary (Criterion 

32) 
 
3.1.2.32.1  Criterion 
 
"Components which are part of the reactor coolant pressure boundary 
shall be designed to permit (1) periodic inspection and testing of 
important areas and features to assess their structural and leaktight 
integrity, and (2) an appropriate material surveillance program for 
the reactor pressure vessel." 
 
3.1.2.32.2  Design Conformance 
 
The design of the RCPB provides the capability for accessibility 
during service life to the internal surfaces of the reactor vessel, 
certain external zones of the vessel (including the nozzle to reactor 
coolant piping welds and the top and bottom heads), and external 
surfaces of the reactor coolant piping except for the area of pipe 
within the primary shielding concrete.  The inspection capability 
complements the leakage detection systems in assessing the integrity 
of pressure boundary components.  The RCPB will be periodically 
inspected under the provisions of the ASME Boiler and Pressure Vessel 
Code, Section XI.  Details of the inservice inspection program are 
presented in Section 5.2.4. 
 
Monitoring of changes in the fracture toughness properties of the 
reactor vessel core region plates forging, weldment, and associated 
heat-affected zones are performed in accordance with 10 CFR 50, 
Appendix H, Reactor Vessel Material Surveillance Program Requirements.  
Samples of reactor vessel plate materials are retained and cataloged 
in case future engineering development shows the need for further 
testing. 
 
The material properties surveillance program includes not only the 
conventional tensile and impact tests, but also fracture mechanics 
specimens.  The observed shifts in RTNDT of the core region materials 
with irradiation will be used to confirm the allowable limits 
calculated for all operational transients.  Further details are given 
in Section 5.3. 
 
3.1.2.33  Reactor Coolant Makeup [Criterion 33) 
 
3.1.2.33.1  Criterion 
 
"A system to supply reactor coolant makeup for protection against 
small breaks in the reactor coolant pressure boundary shall be 
provided.  The system safety function shall be to assure that 
specified acceptable fuel design limits are not exceeded as a result
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of reactor coolant loss due to leakage from the reactor coolant 
pressure boundary and rupture of small piping or other small 
components which are part of the boundary.  The system shall be 
designed to assure that for onsite electric power system operation 
(assuming offsite power is not available) and for offsite electric 
power system operation (assuming onsite power is not available) the 
system safety function can be accomplished using the piping, pumps, 
and valves used to maintain coolant inventory during normal reactor 
operation." 
 
3.1.2.33.2  Design Conformance 
 
The CVCS provides a means of reactor coolant makeup and adjustment of 
the boric acid concentration.  Makeup is added automatically if the 
level in the volume control tank falls below the preset level.  The 
high-pressure centrifugal charging pumps provided are capable of 
supplying the required makeup and reactor coolant pump seal injection 
flow when power is available from either onsite or offsite EPSs.  
These pumps also serve as high head safety injection pumps.  
Functional reliability is assured by provision of standby components 
assuring a safe response to probable modes of failure.  Details of 
system design are included in Sections 6.3 and 9.3 with details of the 
EPS included in Chapter 8. 
 
3.1.2.34  Residual Heat Removal (Criterion 34) 
 
3.1.2.34.1  Criterion 
 
"A system to remove residual heat shall be provided.  The system 
safety function shall be to transfer fission product decay heat and 
other residual heat from the reactor core at a rate such that 
specified acceptable fuel design limits and the design conditions of 
the reactor coolant pressure boundary are not exceeded. 
 
"Suitable redundancy in components and features, and suitable 
interconnections, leak detection, and isolation capabilities shall be 
provided to assure that for onsite electric power system operation 
(assuming offsite power is not available) and for offsite electric 
power system operation (assuming onsite power is not available) the 
system safety function can be accomplished, assuming a single 
failure." 
 
3.1.2.34.2  Design Conformance 
 
The RHR system is a reliable and preferred means of residual heat 
removal but not the method used to meet GDC-34.  BVPS-2 meets GDC-34 
by providing systems to transfer fission product decay heat and other 
residual heat from the reactor core at a rate within acceptable design 
limits. 
 
In the event the RHR system is unavailable, qualified safety grade 
systems are available to perform the function of removing residual 
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heat from the reactor core for normal, abnormal, and design basis 
accident conditions.  These qualified safety grade systems include 
ECCS, AFWS, along with the main steam safety valves and the 
atmospheric dump and residual heat release valves. 
 
Details of the systems’ design are in Sections 5.1, 5.4.2, Appendix 
5A, 6.3, and 10.4.9. 
 
3.1.2.35  Emergency Core Cooling (Criterion 35) 
 
3.1.2.35.1  Criterion 
 
"A system to provide abundant emergency core cooling shall be 
provided.  The system safety function shall be to transfer heat from 
the reactor core following any loss of reactor coolant at a rate such 
that (1) fuel and clad damage that could interfere with continued 
effective core cooling is prevented and (2) clad metal-water reaction 
is limited to negligible amounts. 
 
"Suitable redundancy in components and features, and suitable 
interconnections, leak detection, isolation, and containment 
capabilities shall be provided to assure that for onsite electric 
power system operation (assuming offsite power is not available) and 
for offsite electric power system operation (assuming onsite power is 
not available) the system safety function can  be accomplished, 
assuming a single failure." 
 
3.1.2.35.2  Design Conformance 
 
An ECCS is provided to cope with any LOCA in the BVPS-2 design basis.  
Abundant cooling water is available in an emergency to transfer heat 
from the core at a rate sufficient to maintain the core in a coolable 
geometry and to assure that clad metal-water reaction is limited to 
less than 1 percent.  Adequate design provisions are made to assure 
performance of the required safety functions even with a single 
failure. 
 
Details of the capability of the systems are included in Section 6.3.  
An evaluation of the adequacy of the system functions is included in 
Chapter 15.  Performance evaluations have been conducted in accordance 
with 10 CFR 50.46 and Appendix K to 10 CFR 50. 
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3.1.2.36 Inspection of Emergency Core Cooling System (Criterion 36) 
 
3.1.2.36.1  Criterion 
 
"The emergency core cooling system shall be designed to permit 
appropriate periodic inspection of important components, such as spray 
rings in the reactor pressure vessel, water injection nozzles, and 
piping, to assure the integrity and capability of the system." 
 
3.1.2.36.2  Design Conformance 
 
Design provisions facilitate access to the critical parts of the 
injection nozzles, pipes, and valves for visual inspection and for 
nondestructive inspection where such techniques are desirable and 
appropriate.  The design is in accordance with ASME Section XI 
requirements. 
 
The components outside the containment are accessible for 
leaktightness inspection during operation of the reactor. 
 
Details of the inspection program for the ECCS are discussed in 
Sections 6.3, 6.6, and in Chapter 16. 
 
3.1.2.37 Testing of Emergency Core Cooling System (Criterion 37) 
 
3.1.2.37.1  Criterion 
 
"The emergency core cooling system shall be designed to permit 
appropriate periodic pressure and functional testing to assure (1) the 
structural and leaktight integrity of its components, (2) the 
operability and performance of the active components of the system, 
and (3) the operability of the system as a whole and, under conditions 
as close to design as practical, the performance of the full 
operational sequence that brings the system into operation, including 
operation of applicable portions of the protection system, the 
transfer between normal and emergency power sources, and the operation 
of the associated cooling water system." 
 
3.1.2.37.2  Design Conformance 
 
The BVPS-2 design conforms to the guidelines of GDC 37.  During 
appropriate periodic tests, the components of the system located 
outside the containment are accessible for leaktightness inspection. 
 
Each active component of the ECCS may be individually actuated on the 
normal power source (or transferred to the emergency power source) at 
any time during unit operation to demonstrate operability. 
 
Individual ECCS pumps and valves may be tested for proper operation 
during normal BVPS-2 conditions.  Tests may be performed during 
shutdown to demonstrate proper automatic operation of the ECCS. 
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These tests, including ASME OM Code requirements are described in 
Chapters 6, 7, and 9.  The switching sequence from normal to emergency 
power is described in Chapter 8. 
 
Design provisions include special instrumentation, testing, and 
sampling lines to perform the tests during BVPS-2 shutdown to 
demonstrate proper automatic operation of the ECCS. 
 
3.1.2.38  Containment Heat Removal (Criterion 38) 
 
3.1.2.38.1  Criterion 
 
"A system to remove heat from the reactor containment shall be 
provided.  The system safety function shall be to reduce rapidly, 
consistent with the functioning of other associated systems, the 
containment pressure and temperature following any loss-of-coolant 
accident and maintain them at acceptably low levels. 
 
"Suitable redundancy in components and features, and suitable 
interconnections, leak detection, isolation, and containment 
capabilities shall be provided to assure that for onsite electrical 
power system operation (assuming offsite power is not available) and 
for offsite electric power system operation (assuming onsite power is 
not available) the system safety function can be accomplished, 
assuming a single failure." 
 
3.1.2.38.2  Design Conformance 
 
The containment depressurization system containment heat removal 
system conforms to GDC 38 and consists of the following: 
 

1. Two 100-percent capacity recirculation spray subsystems 
(Section 6.2.2) which remove heat from the containment 
following a containment isolation phase B (CIB) signal via 
the recirculation spray heat exchangers. 

 
2. Two 100-percent capacity quench spray subsystems (Section 

6.2.2.2.1) are also provided to remove heat from the 
containment atmosphere. 

 
Each recirculation system and each quench spray subsystem receives 
power from an independent electrical bus.  Each electrical bus is 
connected to both offsite and onsite power. 
 
Leak detection capabilities are discussed in Section 9.3.3 and Section 
3.6B.1.  Containment isolation is discussed in Section 6.2.4. 
 
In accordance with the GDC, containment isolation valves provide 
containment isolation at the penetrations. 
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3.1.2.39 Inspection of Containment Heat Removal System (Criterion 
39) 

 
3.1.2.39.1  Criterion 
 
"The containment heat removal system shall be designed to permit 
appropriate periodic inspection of important components, such as the 
torus, sumps, spray nozzles, and piping to assure the integrity and 
capability of the system." 
 
3.1.2.39.2  Design Conformance 
 
The containment depressurization system is designed to permit 
appropriate periodic inspection of its components (Section 6.2.2) in 
accordance with GDC 39. 
 
3.1.2.40 Testing of Containment Heat Removal System (Criterion 40) 
 
3.1.2.40.1  Criterion 
 
"The containment heat removal system shall be designed to permit 
appropriate periodic pressure and functional testing to assure (1) the 
structural  and leaktight integrity of its components, (2) the 
operability and performance of the active components of the system, 
and (3) the operability of the system as a whole, and, under 
conditions as close to the design as practical, the performance of the 
full operational sequence that brings the system into operation, 
including operation of applicable portions of the protection system, 
the transfer between normal and emergency power sources, and the 
operation of the associated cooling water system." 
 
3.1.2.40.2  Design Conformance 
 
The containment depressurization system (Section 6.2.2) is designed to 
permit periodic pressure and functional tests of the system as a 
whole, and of major components (pumps, valves, control systems, etc.) 
in accordance with GDC 40.  Full flow and initiation tests after 
installation verify structural and leaktight integrity, operability, 
and performance of major components and operability of the system as a 
whole.  The containment depressurization tests (Chapter 14) include 
operability tests of pumps and motor-operated valves every three 
months as required by the ASME OM Code.  Tests of the recirculation 
spray system (RSS) pumps will be performed at each refueling outage.  
Inspections of RSS component and piping welds will be performed as 
required by Inspection Plan B of ASME XI, shown in Table  IWB-2412-1 
of the ASME XI Code.  Periodic activation of the containment 
depressurization signals ensures operability of the initiation signals 
and control circuitry ESF system activation signal testing described 
in Section 7.3.2.2.5. 
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3.1.2.41  Containment Atmosphere Cleanup (Criterion 41) 
 
3.1.2.41.1  Criterion 
 
"Systems to control fission products, hydrogen, oxygen, and other 
substances which may be released into the reactor containment shall be 
provided as necessary to reduce, consistent with the functioning of 
other associated systems, the concentration and quantity of fission 
products released to the environment following postulated accidents, 
and to control the concentration of hydrogen or oxygen and other 
substances in the containment atmosphere following postulated 
accidents to assure that containment integrity is maintained." 
 
"Each system shall have suitable redundancy in components and 
features, and suitable interconnections, leak detection, isolation, 
and containment capabilities to assure that for onsite electrical 
power system operation (assuming offsite power is not available) and 
for offsite electrical power system operation (assuming onsite power 
is not available) its safety function can be accomplished, assuming a 
single failure." 
 
3.1.2.41.2  Design Conformance 
 
Systems are provided in accordance with GDC 41 to control hydrogen 
generated, and fission products released, by a DBA which are the only 
significant gaseous releases post accident.  Containment atmosphere 
purge capabilities are provided. 
 
Leak detection capability is provided in Section 9.3.3 for liquid 
released and Section 11.5 for effluent monitoring.  Containment 
isolation provisions are discussed in Section 6.2.4. 
 
3.1.2.42 Inspection of Containment Atmosphere Cleanup Systems 

(Criterion 42) 
 
3.1.2.42.1  Criterion 
 
"The containment atmosphere cleanup systems shall be designed to 
permit appropriate periodic inspection of important components, such 
as filter frames, ducts, and piping to assure the integrity and 
capability of the systems." 
 
3.1.2.42.2  Design Conformance 
 
Both the post-DBA hydrogen control system (HCS) and the containment 
spray system are designed to permit appropriate periodic inspection of 
the important components, as described in Sections 6.2.2.2, 6.5, and 
6.6. 
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3.1.2.43 Testing of Containment Atmosphere Cleanup Systems 

(Criterion 43) 
 
3.1.2.43.1  Criterion 
 
"The containment atmosphere cleanup systems shall be designed to 
permit appropriate periodic pressure and functional testing to assure 
(1) the structural and leaktight integrity of its components, (2) the 
operability and performance of the active components of the systems 
such as fans, filters, dampers, pumps, and valves, and (3) the 
operability of the systems as a whole and, under conditions as close 
to design as practical, the performance of the full operational 
sequence that brings the systems into operation, including operation 
of applicable portions of the protection system, the transfer between 
normal and emergency power sources, and the operation of associated 
systems." 
 
3.1.2.43.2  Design Conformance 
 
The containment atmosphere cleanup systems are designed to permit 
periodic testing of components and systems in accordance with GDC 43 
to ensure their complete and reliable functioning during normal 
operation and in the event of a postulated accident.  Specific means 
are provided for periodic testing of pumps and valves in accordance 
with the ASME OM Code.  Transfer between normal and emergency power 
sources is accomplished during the emergency power tests as discussed 
in the Technical Specifications, Chapter 16.  Testing of containment 
atmosphere cleanup systems is discussed in Sections 6.2, 6.5, and 6.6. 
 
3.1.2.44  Cooling Water (Criterion 44) 
 
3.1.2.44.1  Criterion 
 
"A system to transfer heat from structures, systems, and components 
important to safety, to an ultimate heat sink shall be provided.  The 
system safety function shall be to transfer the combined heat load of 
these structures, systems, and components under normal operating and 
accident conditions." 
 
"Suitable redundancy in components and features, and suitable 
interconnections, leak detection, and isolation capabilities shall be 
provided to assure  that for onsite electric power system operation 
(assuming offsite power is not available) and for offsite electric 
power system operation (assuming onsite power is not available) the 
system safety function can be accomplished, assuming a single 
failure." 
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3.1.2.44.2  Design Conformance 
 
The service water system (SWS) and the primary component cooling water 
system (CCWS) provide heat removal from various structures, systems, 
and components important to safety and nonsafety systems. 
 
The primary CCWS transfers heat from heat exchangers containing 
reactor coolant and from auxiliary heat exchangers associated with the 
primary plant to the SWS.  The SWS transfers heat from the primary 
CCWS, other closed loop cooling systems, and certain individual 
components important to safety (diesel generator cooling water heat 
exchangers and charging pump lube oil coolers). 
 
The detail systems designs are described in Sections 9.2.1 and 9.2.2.  
Suitable redundancy and isolation capabilities are provided to 
accomplish the system safety function, assuming a single failure. 
 
The Seismic Category I intake structure, shared with BVPS-1, is 
subdivided so that each of the three service water pumps is separated 
and protected from floods and missiles.  A discussion of BVPS-2 
conformance with Regulatory Guide 1.27, "Ultimate Heat Sink for 
Nuclear Power Plants," is provided in FSAR Section 1.8.  The intake 
for each of these pumps is independent with separate screen and 
suction arrangements.  Two 30-inch, physically separated and protected 
service water headers in the intake structure provide redundancy.  
Each header runs underground until it reaches the auxiliary building 
basement. 
 
In the event of a CIB signal, service water is automatically diverted 
from the 30-inch component cooling water headers to the two 24-inch 
headers which supply the recirculation spray heat exchangers.  Service 
water is available at all times for the control room air conditioners, 
charging pump lube oil coolers, emergency diesel generators, 
safeguards area air conditioners, and rod control area air 
conditioners.  Redundant Seismic Category I discharge lines are 
provided to direct the service water from this equipment to the Ohio 
River. 
 
The recirculation spray heat exchangers and pumps serve to reduce the 
containment pressure and remove long term heat in the event of a DBA.  
The cooling water valving of the recirculation spray heat exchangers 
are automatically opened to allow operation of both 100-percent 
portions of the recirculation spray system during a DBA. 
 
Two independent standby diesel generators provide emergency onsite 
power in the event of a loss of normal power.  Each generator supplies 
one train of components essential to the safety-related operations of 
the cooling systems. 
 
The cooling system safety function is assured with only onsite 
emergency power available. 
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 Reference Sections 
 
  Title     Section 
 
 AC Power Systems    8.3.1 
 
 Service Water System   9.2.1 
 
 Primary Component Cooling 
 Water System    9.2.2.1 
 
 Ultimate Heat Sink   9.2.5 
 
3.1.2.45  Inspection of Cooling Water System (Criterion 45) 
 
3.1.2.45.1  Criterion 
 
"The cooling water system shall be designed to permit appropriate 
periodic inspection of important components, such as heat exchangers 
and piping, to assure the integrity and capability of the system."  
 
3.1.2.45.2  Design Conformance 
 
The cooling water systems (CWSs) are in continuous use during the life 
of the unit.  Normal operational inspections and monitoring of 
parameters are carried out in the course of operation.  In addition, 
periodic inspections are conducted during planned outages in 
accordance with the requirements of ASME Section XI, Code for 
Inservice Inspection, and 10 CFR 50, Appendix J for containment 
isolation valves, Type C testing.  These inspections meet with the 
guidelines of GDC 45.  Sections 9.2.1 and 9.2.2 discuss CWS designs 
and testing. 
 
3.1.2.46  Testing of Cooling Water System (Criterion 46) 
 
3.1.2.46.1  Criterion 
 
"The cooling water system shall be designed to permit appropriate 
periodic pressure and functional testing to assure (1) the structural 
and leaktight integrity of its components, (2) the operability and 
performance of the active components of the system, and (3) the 
operability of the system as a whole and, under conditions as close to 
design as practical, the performance of the full operational sequence 
that brings the system into operation for reactor shutdown and for 
loss-of-coolant accident, including operation of applicable portions 
of the protection system and the transfer between normal and emergency 
power sources. " 
 
3.1.2.46.2  Design Conformance 
 
The station service water system and the component cooling water 
system are in continuous use during the life of the unit.  Thus, the
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structural and leaktight integrity of the system components, and the 
operability of the system as a whole are continuously demonstrated.  
The active components that cannot be tested during normal system 
operation are tested during shutdown.  Specific means are provided for 
periodic testing pumps during their normal operational mode in 
compliance with the ASME OM Code.  Transfer between normal and 
emergency power sources is discussed in the Technical Specifications, 
Chapter 16.  The systems are thus designed to allow periodic testing 
of the operability of the systems as required for operation during a 
LOCA, reactor shutdown, and/or a loss of unit power.  These 
inspections meeting with guidelines of GDC 46.  Testing of the system 
components is described in detail in Sections 9.2.1 and 9.2.2. 
 
3.1.2.47  Criterion 47 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.48  Criterion 48 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.49  Criterion 49 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.50  Containment Design Basis (Criterion 50) 
 
3.1.2.50.1  Criterion 
 
"The reactor containment structure, including access openings, 
penetrations, and the containment heat removal system, shall be 
designed so that the containment structure and its internal 
compartments can accommodate, without exceeding the design leakage 
rate and, with sufficient margin, the calculated pressure and 
temperature conditions resulting from any loss-of-coolant accident.  
This margin shall reflect consideration of (1) the effects of 
potential energy sources which have not been included in the 
determination of the peak conditions, such as energy in steam 
generators and, as required by 50.44, energy from metal-water and 
other chemical reactions that may result from degradation but not 
total failure of emergency core cooling functioning, (2) the limited 
experience and experimental data available for defining accident 
phenomena and containment responses, and (3) the conservatism of the 
calculational model and input parameters." 
 
3.1.2.50.2  Design Conformance 
 
The containment structure, including personnel and equipment hatches, 
piping and electrical penetrations, and recirculation and QSSs, is 
designed such that the containment structure's design leakage rate is 
not exceeded under post-LOCA conditions.  In addition, the containment 
structure is designed to withstand, by a sufficient 
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margin, those pressure  and temperature conditions resulting from a 
DBA.  This margin reflects all potential energy sources not included 
in the conservative calculation of peak conditions. 
 
 Reference Sections 
 
  Title    Section 
 
 Concrete Containment  3.8.1 
 
 Containment Functional 
 Design    6.2.1 
 
 Quench Spray System  6.2.2.2.1 
 
 Recirculation Spray 
 System    6.2.2.2.2 
 
3.1.2.51 Fracture Prevention of Containment Pressure Boundary 

(Criterion 51) 
 
3.1.2.51.1  Criterion 
 
"The reactor containment boundary shall be designed with sufficient 
margin to assure that under operating, maintenance, testing, and 
postulated accident conditions, (1) its ferritic materials behave in a 
nonbrittle manner, and (2) the probability of rapidly propagating 
fracture is minimized.  The design shall reflect consideration of 
service temperatures and other conditions of the containment boundary 
material during operation, maintenance, testing, and postulated 
accident conditions, and the uncertainties in determining (1) material 
properties, (2) residual, steady-state, and transient stresses, and 
(3) size of flaws." 
 
3.1.2.51.2  Design Conformance 
 
The design of the reactor containment pressure boundary is in 
conformance with General Design Criterion 51, as addressed in the DLC 
letter (DLC 1983). 
 
3.1.2.52 Capability for Containment Leakage Rate Testing (Criterion 

52) 
 
3.1.2.52.1  Criterion 
 
"The reactor containment and other equipment which may be subjected to 
containment test conditions shall be designed so that periodic 
integrated leakage rate testing can be conducted at containment design 
pressure." 
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3.1.2.52.2  Design Conformance 
 
The containment structure and safety-related equipment which will be 
subjected to the containment test conditions are designed so that the 
periodic integrated leakage rate testing can be conducted at 
calculated peak containment pressure, as per Appendix J of 10 CFR 50, 
Reactor Containment Leakage Testing for Water Cooled Power Reactors. 
 
 Reference Section 
 
  Title   Section 
 
 Containment Functional   6.2.1 
 Design 
 
3.1.2.53 Provisions for Containment Testing and Inspection 

(Criterion-53) 
 
3.1.2.53.1  Criterion 
 
"The reactor containment shall be designed to permit (1) appropriate 
periodic inspection of all important areas, such as penetrations, (2) 
an appropriate surveillance program, and (3) periodic testing at 
containment design pressure of the leaktightness of penetrations which 
have resilient seals and expansion bellows." 
 
3.1.2.53.2  Design Conformance 
 
The design of the reactor containment provides for access to all 
important areas for periodic inspection.  The reactor containment 
design allows local testing of the liner seam welds, penetration liner 
welds, and the electrical penetrations. 
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Personnel and equipment access hatches have also been designed to 
allow free volume and local periodic testing of access volumes and 
resilient seals. 
 
Piping systems penetrating the containment (Type C as defined by 
Appendix J of 10 CFR 50) have been designed to allow local periodic 
testing of containment isolation valves. 
 
 Reference Sections 
 
  Title     Section 
 
 Containment Functional Design 6.2.1 
 
 Containment Leakage Testing  6.2.6 
 
3.1.2.54  Piping Systems Penetrating Containment (Criterion 54) 
 
3.1.2.54.1  Criterion 
 
“Piping systems penetrating primary reactor containment shall be 
provided with leak detection, isolation, and containment capabilities 
having redundancy, reliability, and performance capabilities which 
reflect the importance to safety of isolating these piping  systems.  
Such piping systems shall be designed with a capability to test 
periodically the operability of the isolation valves and associated 
apparatus and to determine if valve leakage is within acceptable 
limits." 
 
3.1.2.54.2  Design Conformance 
 
Piping systems penetrating the reactor containment conform with GDC 54 
as described in the design bases set forth for the containment 
isolation system (Section 6.2.4).  This ensures redundancy, 
reliability, and performance capabilities which reflect the importance 
to safety of isolating the piping systems.  Special test connections, 
where required, ensure the capability to determine if individual 
isolation valve leakage is within acceptable limits. 
 
3.1.2.55 Reactor Coolant Pressure Boundary Penetrating Containment 

(Criterion 55) 
 
3.1.2.55.1  Criterion 
 
"Each line that is part of the reactor coolant pressure boundary and 
that penetrates primary reactor containment shall be provided with 
containment isolation valves as follows, unless it can be demonstrated 
that the containment isolation provisions for a specific class of 
lines, such as instrument lines, are acceptable on some other defined 
basis: 
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1. One locked closed isolation valve inside and one locked 
closed isolation valve outside containment; or 

 
2. One automatic isolation valve inside and one locked closed 

isolation valve outside containment; or 
 
3. One locked closed isolation valve inside and one automatic 

isolation valve outside containment.  A simple check valve 
may not be used as the automatic isolation valve outside 
containment; or 

 
4. One automatic isolation valve inside and one automatic 

isolation valve outside containment.  A simple check valve 
may not be used as the automatic isolation valve outside 
containment. 

 
"Isolation valves outside containment shall be located as close to 
containment as practical and upon loss of actuating power, automatic 
isolation valves shall be designed to take the position that provides 
greater safety." 
 
"Other appropriate requirements to minimize the probability or 
consequences of an accidental rupture of these lines or of lines 
connected to them shall be provided as necessary to assure adequate 
safety.  Determination of the appropriateness of these requirements, 
such as higher quality in design, fabrication, and testing, additional 
provisions for inservice inspection, protection against more severe 
natural phenomena, and additional isolation valves and containment, 
shall include consideration of the population density, use 
characteristics, and physical characteristics of the site environs." 
 
3.1.2.55.2  Design Conformance 
 
The containment isolation arrangements for all lines that are part of 
the RCPB and that penetrate the primary reactor containment conform 
with the design bases listed in Section 6.2.4.  These design bases 
require that one of the arrangements listed in items 1 through 4 of 
this criterion be utilized, unless other provisions for containment 
isolation are acceptable on some other defined basis (Section 6.2.4). 
 
Table 6.2-60 lists the specific GDC met by piping systems penetrating 
containment, where locked closed, administratively-controlled, 
normally-closed, manually-operated valves are provided. 
 
The requirements of GDC 55 are met, with the exception of the 
following penetrations in the safety injection system which are 
excepted from GDC 55: 
 

1. X-61 (low-head safety injection to hot legs), 
 
2. X-7, X-17 (high-head safety injection to hot legs), 
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3. X-60, X-62 (low-head safety injection to cold leg), 
 
4. X-34 (high-head safety injection to cold leg), 
 
5. X-113 (high-head safety injection to cold leg). 

 
The bases and justification for these exceptions are further described 
in Section 6.2.4. 
 
3.1.2.56  Primary Containment Isolation (Criterion 56) 
 
3.1.2.56.1  Criterion 
 
"Each line that connects directly to the containment atmosphere and 
penetrates primary reactor containment shall be provided with 
containment isolation valves as follows, unless it can be demonstrated 
that the containment isolation provisions for a specific class of 
lines, such as instrument lines, are acceptable on some other defined 
basis: 
 

1. One locked closed isolation valve inside and one locked 
closed isolation valve outside containment; or 

 
2. One automatic isolation valve inside and one locked closed 

isolation valve outside containment; or 
 
3. One locked closed isolation valve inside and one automatic 

isolation valve outside containment.  A simple check valve 
may not be used as the automatic isolation valve outside 
containment; or 

 
4. One automatic isolation valve inside and one automatic 

isolation valve outside containment.  A simple check valve 
may not be used as the automatic isolation valve outside 
containment. 

 
"Isolation valves outside containment shall be located as close to the 
containment as practical and upon loss of actuating power, automatic 
isolation valves shall be designed to take the position that provides 
greater safety." 
 
3.1.2.56.2  Design Conformance 
 
The containment isolation arrangements for all lines that connect 
directly to the containment atmosphere and penetrate primary reactor 
containment conform with the design bases listed in Section 6.2.4.  
Unless an acceptable, or otherwise defined, basis is prescribed 
(Section 6.2.4), these design bases require that one of the 
arrangements listed in items 1 through 4 of this criterion be 
utilized. 
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Table 6.2-60 lists the specific GDC met by piping systems penetrating 
containment, where locked closed, administratively-controlled, 
normally-closed, manually-operated valves are provided. 
 
The requirements of GDC 56 are met except for the following 
penetrations: 
 

1. Recirculation spray system - X-66, X-67, X-68, X-69 
(recirculation spray pump suction from containment sump), 

 
2. Containment leakage monitoring system - X-55b, X-57b, X-97a,  

X-105c, X-105d (containment leakage monitoring open taps),  
and 

 
3. Containment vacuum system - X-92, X-93 (containment vacuum 

pump suction penetrations are shared with the post-DBA HCS). 
 
4. Post DBA hydrogen control system - X-87, X-88 (hydrogen 

recombine return lines). 
 
The bases and justification for these exceptions are further described 
in Section 6.2.4. 
 
3.1.2.57  Closed System Isolation Valves (Criterion 57) 
 
3.1.2.57.1  Criterion 
 
"Each line that penetrates primary reactor containment and is neither 
part of the reactor coolant pressure boundary nor connected directly 
to the containment atmosphere shall have at least one containment 
isolation valve which shall be either automatic, or locked closed, or 
capable of remote manual operation.  This valve shall be outside 
containment and located as close to the containment as practical. A 
simple check valve may not be used as the automatic isolation valve." 
 
3.1.2.57.2  Design Conformance 
 
All lines connected to closed systems are provided with at least one 
isolation valve on the outside of the containment (Section 6.2.4). 
 
The containment isolation arrangements for all lines that penetrate 
reactor containment and are neither part of the RCPB nor connected 
directly to the containment atmosphere conform with the design bases 
listed in Section 6.2.4.  These design bases require that: 
 

1. The outside isolation valve for such closed systems is either 
automatic, or normally-closed, administratively-controlled, 
manually-operated, or for normally open lines, capable of 
remote manual operation, 

 
2. This valve is located as close to the containment as 

practical, 
 
3. Piping associated with the CIS is designed, fabricated, and 

tested in accordance with the requirements of 
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ASME Section III, Class 2, as applicable (Sections 3.9B.3 
and 3.9N.3), and 

 
4. Simple check valves are not used as the automatic isolation 

valve. 
 
The following penetrations meeting the requirements of GDC 57, 
however, receive a signal for automatic closure other than from 
containment isolation: 
 

1. Main steam system - X-73, X-74, X-75, 
 
2. Feedwater system - X-76, X-77, X-78, 
 
3. Steam generator blowdown system - X-39, X-40, X-41, and 
 
4. Auxiliary feedwater system - X-79, X-80, X-83. 

 
The bases and justification for these penetrations are further 
described in Section 6.2.4. 
 
3.1.2.58  Criterion 58 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.59  Criterion 59 
 
This criterion has not been promulgated by the USNRC. 
 
3.1.2.60 Control of Releases of Radioactive Materials to the 

Environment (Criterion 60) 
 
3.1.2.60.1  Criterion 
 
"The nuclear power unit design shall include means to control suitably 
the release of radioactive materials in gaseous and liquid effluents 
and to handle radioactive solid wastes produced during normal reactor 
operation, including anticipated operational occurrences.  Sufficient 
holdup capacity shall be provided for retention of gaseous and liquid 
effluents containing radioactive materials, particularly where 
unfavorable site environmental conditions can be expected to impose 
unusual operational limitations upon the release of such effluents to 
the environment." 
 
3.1.2.60.2  Design Conformance 
 
In all cases, the design for radioactivity control is based on the 
following which comply with the guidelines of GDC 60. 
 

1. 10 CFR 20 and 10 CFR 50 requirements for normal operations 
and for any transient situation that might reasonably be 
anticipated to occur, and 
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2. 10 CFR 50.67 dose limit guidelines for potential accidents of 
exceedingly low probability of occurrence (Chapter 15). 

 
Radioactive waste systems are described in Chapter 11.  The radiation 
monitoring system (RMS) is described in Sections 11.5 and 12.3.4.  
Waste gas effluents are controlled by charcoal delay beds and, when 
necessary, waste gases are held in decay tanks until their activity 
and existing environmental conditions permit their discharge within 
10 CFR 20 and 10 CFR 50 requirements.  In addition, waste gas 
effluents are monitored prior to discharge for radioactivity and rate 
of flow (Section 12.3.4).  Section 11.3.4 describes the results of a 
rupture of a gas waste storage tank and verifies that the applicable 
release limits are not exceeded. 
 
Beaver Valley Power Station - Unit 2 liquid waste effluents (Section 
11.2) are controlled by batch processing of station radioactive 
liquids, if necessary, in either BVPS-1 or BVPS-2, sampling before 
discharge, controlling the rate of release, and prevention of 
inadvertent tank discharge.  Liquid effluents are monitored for 
radioactivity and rate of flow.  Liquid waste disposal system tankage, 
BVPS-2 steam generator blowdown evaporator capacity, and BVPS-1 liquid 
waste evaporator capacity are sufficient to handle any expected 
transient in liquid waste volume. 
 
Station solid wastes (Section 11.4) are prepared in batches in 
55-gallon drums and other approved packages for offsite disposal by 
approved contractors.  Solid wastes are shielded for shipment, when 
necessary, to meet federal regulations. 
 
3.1.2.61 Fuel Storage and Handling and Radioactivity Control 

(Criterion 61) 
 
3.1.2.61.1  Criterion 
 
"The fuel storage and handling, radioactive waste, and other systems 
which may contain radioactivity shall be designed to assure adequate 
safety under normal and postulated accident conditions.  These systems 
shall be designed (1) with a capability to permit appropriate periodic 
inspection and testing of components important to safety, (2) with 
suitable shielding for radiation protection, (3) with appropriate 
containment, confinement, and filtering systems, (4) with a residual 
heat removal capability having reliability and testability that 
reflects the importance to safety of decay heat and other residual 
heat removal, and (5) to prevent significant reduction in fuel storage 
coolant inventory under accident conditions." 
 
3.1.2.61.2  Design Conformance 
 
Beaver Valley Power Station - Unit 2 design conforms to the guidelines 
of GDC 61. 
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Safety-related components of the systems that contain radioactivity 
and fuel storage systems are designed to allow periodic inspection and 
testing. 
 
Process radiation monitors and flow measuring equipment are provided 
for surveillance of various station waste process streams.  In 
addition, these systems are designed to protect the health of station 
operating personnel, and to limit discharge of radioactive materials 
from the station so as not to exceed the limits of 10 CFR 20.  The 
waste disposal systems are discussed in detail in Chapter 11. 
 
The spent fuel storage pool is designed to meet the requirements of 
10 CFR 20, by shielding operating personnel from radiation during fuel 
transfer and spent fuel storage.  Work areas adjacent to the spent 
fuel pool transfer canal wall are shielded to allow personnel access 
during actual fuel transfers.  The spent fuel pool is permanently 
flooded with water during all normal operations to ensure a dose rate 
above the pool to operating personnel of no more than 15 mRem/hr.  
Fuel handling shielding is discussed in Section 12.3. 
 
The refueling cavity above the reactor vessel is flooded during 
refueling such that the dose rate is less than 15 mRem/hr at the water 
surface. 
 
To avoid significant radioactivity releases, the spent fuel handling 
system is designed to preclude gross mechanical failures.  Floor and 
trench drain systems provide backup by collecting leakage which might 
occur.  Fuel storage pool design ensures that a significant amount of 
fuel storage coolant is not lost under accident conditions.  Decay 
heat from spent fuel is dissipated in the storage pool water and 
subsequently removed by a cooling system (Section 9.1.3).  Makeup 
water is provided by means of a connection from the primary grade 
water system (Section 9.2.8).  The SWS provides a safety related 
source of makeup.  Radioactive gases, which may leak from spent fuel, 
are collected by the supplementary leak collection and release system 
described in Section 6.5.3.2 and the vent and drain system described 
in Section 9.3.3.  All discharges from these systems are monitored.  
These monitoring systems are discussed in Section 12.3. 
  
3.1.2.62 Prevention of Criticality in Fuel Storage and Handling 

(Criterion 62) 
 
3.1.2.62.1  Criterion 
 
"Criticality in the fuel storage and handling system shall be 
prevented by physical systems or processes, preferably by use of 
geometrically safe configurations." 
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3.1.2.62.2  Design Conformance 
 
The new and spent fuel storage racks are designed in accordance with 
GDC 62 and NUREG-0800, Sections 9.1.1 and 9.1.2.  The new fuel storage 
rack accommodates 1/3 of  a core plus 17 spare assemblies.  The spent 
fuel storage pool accommodates the spent fuel rack and the required 
spent fuel shipping cask area. 
 
The spent fuel racks are arranged so that the spacing between fuel 
elements cannot be less than that prescribed.  Borated water is 
maintained in the spent fuel pool.  Even if fully flooded with 
unborated water, the spacing and fuel storage configurations ensure 
Keff < 1.0.  Spent fuel rack design and criticality prevention are 
fully discussed in Section 9.1.2. 
 
The new fuel assemblies are stored dry in a steel and concrete 
structure within the fuel building.  They are arranged vertically in 
racks in parallel rows.  The steel rack construction prevents possible 
criticality by requiring that the spacing between fuel elements be not 
less than that prescribed.  The new fuel rack design and criticality 
prevention is discussed in detail in Section 9.1.1. 
 
Safeguards are provided during handling so that the consequences of 
the hypothetical worst-case accident meet 10 CFR 50.67 guidelines.  
Chapter 15 provides a complete description of this worst-case 
accident. 
 
3.1.2.63  Monitoring Fuel and Waste Storage (Criterion 63) 
 
3.1.2.63.1  Criterion 
 
"Appropriate systems shall be provided in fuel storage and radioactive 
waste systems and associated handling areas (1) to detect conditions 
that may result in loss of residual heat removal capability and 
excessive radiation levels, and (2) to initiate appropriate safety 
actions." 
 
3.1.2.63.2  Design Conformance 
 
The BVPS-2 design conforms to GDC 63 as follows:  Gamma radiation 
levels in the containment and fuel storage areas are continuously 
monitored as described in Section 11.5.  These monitors provide an 
audible alarm at the initiating detector indicating an unsafe 
condition.  The fuel pool water temperature is continuously monitored.  
The temperature is displayed in the main control room where an audible  
alarm sounds if the water temperature increases above a preset level.  
Continuous surveillance of radiation levels in the waste storage and 
handling areas is maintained by ventilation-duct-mounted radiation 
detectors described in Section 11.5. 
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Radiation levels in excess of preset levels initiate audible and 
visible alarms locally and in the control room. 
 
Radiological control procedures, including appropriate radiation 
control surveys, are initiated as necessary to decontaminate affected 
areas.  Chapter 12 provides a more detailed description of emergency 
procedures. 
 
3.1.2.64  Monitoring Radioactivity Releases (Criterion 64) 
 
3.1.2.64.1  Criterion 
 
"Means shall be provided for monitoring the reactor containment 
atmosphere, spaces containing components for recirculation of loss-of-
coolant accident fluids, effluent discharge paths, and the plant 
environs for radioactivity that may be released from normal 
operations, including anticipated operational occurrences, and from 
postulated accident conditions." 
 
3.1.2.64.2  Design Conformance 
 
The containment air particulate and gas monitor monitors the 
containment atmosphere during normal unit operations and accident 
conditions as required by GDC 64. During accident conditions, samples 
of the containment atmosphere provide data on existing airborne 
radioactivity concentrations within the containment as described in 
Sections 11.5 and 12.3.4.  The safeguards areas are monitored by the 
ventilation vent air particulate and gas monitors.  Radioactivity 
levels in the normal facility radioactive effluent discharge paths and 
in the environs are continually monitored during normal and accident 
conditions by the unit radiation monitoring system (Section 11.5) and 
by the environmental radiological safety program for BVPS-2. 
 
3.1.3  References for Section 3.1 
 
Pellini, W. S. and Loss, F. J. 1969.  Integration of Metallurgical and 
Fracture Mechanics Concepts of Transition Temperature Factors Relating 
to Fracture-Safe Design for Structural Steel.  NRL Report 6900, April 
1969. 
 
USNRC 1981.  Standard Review Plan for the Review of Safety Analysis 
Reports for Nuclear Power Plants (formerly issued as NUREG 75/087).  
NUREG-0800. 
 
DLC 1983.  Duquesne Light Company Letter 2NRC-3-087, dated 
November 14, 1983, from E. J. Woolever to H. R. Denton, USNRC. 
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3.2  CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS 
 
3.2.1  Seismic Classification 
 
3.2.1.1  Nuclear Steam Supply System Components 
 
Section 3.2.2 identifies the system, based on the guidelines of 
Regulatory Guide 1.29, for classifying fluid system components.  Based 
on evaluation of seismic requirements, Westinghouse applies a rule 
that each component classified as Safety Class 1, 2, or 3 shall be 
qualified to remain functional in the event of the safe shutdown 
earthquake (SSE).  This rule applies except when all the conditions 
listed as follows are met.  Portions of systems required to perform 
the same safety function as required of a safety class component which 
is a part of that system shall be likewise qualified or granted 
exemption.  The following four conditions must be met for exemption: 
 
 

1. Failure would not directly cause an American Nuclear Society 
(ANS) Condition III or IV event (as defined in ANSI N18.2- 
1973). 

 
2. There is no safety function to mitigate, nor could failure 

prevent mitigation of, the consequences of an ANS Condition 
III or IV event. 

 
3. Failure during or following any ANS Condition II event would 

result in consequences no more severe than allowed for an ANS 
Condition III event. 

 
4. Routine post-seismic procedures would disclose any loss of 

the safety function. 
 
The following lines of reasoning apply when using the above conditions  
for exemption and the safety class categories to determine if a 
component must be seismically qualified. 
 

1. All Safety Class 1 components must be seismically qualified 
because a failure of any one can directly cause an ANS 
Condition III or IV event, thus failing the first condition. 

 
2. Safety Class 2 components that are a part of the reactor 

coolant pressure boundary must be seismically qualified 
because the failure of those components due to the seismic 
event could directly result in an ANS Condition III or IV 
event. 

 
3. All other Safety Class 2 components must also be seismically  

qualified because they are required to mitigate, or their  
failure could prevent mitigation of, the consequences of an  
ANS Condition III or IV event, thus failing the second  
condition for exemption.  
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4. Components placed in Safety Class 3 whose failure would  
result in release to the environment of radioactive gasses  
normally required to be held for decay (ANSI N18.2, Paragraph  
2.2.3(l)), or which control outside the containment airborne  
radioactivity released (ANSI N18.2, Paragraph 2.2.3(3)), or  
which remove decay heat from spent fuel (ANSI N18.2, 
Paragraph  2.2.3(4)), will always meet conditions 1, 2, and 4 
for granting the seismic design exemption.  

 
Thus, they need not be seismically qualified if they meet 
condition 3 for granting the seismic design exemption.  
Release of radioactive material due to ANS Condition III 
incidents may exceed guidelines of 10 CFR 20, Standards for 
Protection Against Radiation, but shall not be sufficient to 
interrupt or restrict public use of those areas beyond the 
exclusion radius. 

 
5. Components placed in Safety Class 3 which provide or support  

any safety system function (ANSI N18.2, Paragraph 2.2.3(2)),  
must be seismically qualified for the same reason as given in  
item 3 (above) for ANS Condition III or IV events.  

 
6. The NSSS components that are non-nuclear safety (NNS) class 

are classified Seismic Category II, as described in Sections 
3.2.1.2 and 3.2.2.2. 

 
3.2.1.2  Balance of Plant Components 
 
Each component required to mitigate the consequences of an accident, 
ANS Condition IV event (as defined in ANSI N18.2), is classified 
Seismic Category I.  As interpreted in Section 1.8, the seismic design 
classification of structures, systems, and components is in agreement 
with Regulatory Guide 1.29 and with Regulatory Guide 1.143, as 
applicable to radwaste handling systems.  In addition, all components 
classified as Safety Class 1, 2, or 3 are designated Seismic Category 
I.  Seismic Category I structures, systems, and components are 
designed to remain functional in the event of the SSE.  All Seismic 
Category I components, systems, and structures are designed and 
constructed to Quality Assurance (QA) Category I requirements.  QA 
categories are described in Section 3.2.3.  QA Category I and Seismic 
Category I systems and components are shown in Table 3.2-1.  QA 
Category I and Seismic Category I structures are shown in Table 3.2-2. 
 
A Seismic Category II classification is identified for those portions 
of structures, systems, and components which are not required to 
perform safety functions but whose failure, including becoming a 
gravity missile, could adversely affect safety-related, Seismic 
Category  I components.  These structures, systems, or components 
shall either be seismically designed, located to preclude 
interactions, further restrained, structurally upgraded, or 
provenincapable to affecting safety.  The items are designated non-
nuclear safety and either QA Category II or III based on their 
function as defined in  Section 3.2.2.3.  A Seismic Category II 
classification is applied to the structures housing radwaste 
components, as defined in Regulatory Guide 1.143.  A Seismic 
Category II designation is applied to those portions of the radwaste 
systems and components which are 
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specific radwaste equipment classifications and their seismic design 
are described in Sections 11.2, 11.3, and 11.4, and structure designs 
are described in Sections 3.7B.2.8 and 3.8.3. 
 
Seismic Category I design requirements extend to the first seismic 
restraint beyond the seismic boundary and include the interface 
portion of the boundary itself. 
 
For example, for piping systems, the isolation valve which forms the 
boundary between Seismic Category I and the nonseismic portions is 
designed to Seismic Category I requirements.  The piping from the 
valve, including the first seismic restraint beyond the valve, is 
seismically designed in the same manner as the Seismic Category I 
portion; however, since the piping is not required to be ASME III, 
Safety Class 1, 2, or 3, this part of the system is not designated 
Seismic Category I.  This design exceeds Seismic Category II 
requirements for the piping between the isolation valve and the first 
restraint. 
 
By this means, the Seismic Category I boundary is defined with respect 
to functional capability in the event of a safe shutdown earthquake, 
and the interfacing portions are designed to ensure the integrity of 
the boundary. 
 
3.2.2  System Quality Group Classifications 
 
3.2.2.1  General 
 
Fluid system components are classified in accordance with Regulatory 
Guide 1.26 in general, and Regulatory Guide 1.143 in particular, for 
radwaste handling systems.  The criteria for classifying Safety 
Class 1 systems is also based on 10 CFR 50.55a as referenced in 
Regulatory Guide 1.26.  Table 3.2-1 lists the safety classes of all 
plant components which are either Safety Class 1, 2, or 3.  The 
classification of piping, tubing, and valves, and interfaces from one 
safety class to another are shown on the individual system piping and 
instrumentation diagrams identified on Table 3.2-3.  Classification of 
structures is identified in Table 3.2-2. 
 
3.2.2.2  Safety Class Definitions 
 
Components are classified as Safety Class 1, Safety Class 2, Safety 
Class 3, and NNS class in accordance with their importance to nuclear 
safety.  These safety classes correspond to the "Group" described in 
Regulatory Guide 1.26 as follows: Safety Class 1 is equivalent to 
"Group A," Safety Class 2 to "Group B," Safety Class 3 to "Group C," 
and NNS to "Group D."  The NNS Category is also applied to those 
components required for reliable power generation.  This order of 
importance, as established by the assigned safety class, is applied to 
the design, materials, manufacture or fabrication, assembly, erection, 
construction, and operation of the components.  A single system may 
have components in more than one safety class. 
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The definitions of safety classes listed as follows apply to fluid 
pressure-boundary components.  The reactor containment design and 
applicable codes are described in Section 3.8.  Supports that have a 
nuclear safety function shall be the same safety class as the 
components that they support. 
 
3.2.2.2.1  Safety Class 1 
 
Safety Class 1 applies to components whose failure could cause an ANS 
Condition III or Condition IV loss of reactor coolant.  (ANS Condition 
III occurrences include incidents which may occur during the lifetime 
of a particular plant.  ANS Condition IV occurrences are faults that 
are not expected to occur, but are postulated because their 
consequences would include the potential for the release of 
significant amounts of radioactive material.  ANS Condition IV faults 
are the most severe which must be designed against, and thus represent 
the limiting design case.) 
 
Reactor coolant pressure boundary components are also designated 
Safety Class 1 if their failure during normal operation would prevent 
orderly reactor shutdown, assuming makeup coolant is available from 
normally operating systems only. 
 
3.2.2.2.2  Safety Class 2 
 
Safety Class 2 applies to the following: 
 

1. The reactor coolant pressure boundary components not in 
Safety Class 1. 

 
2. Safety systems that are necessary to remove heat directly 

from the reactor or reactor containment, or to circulate 
reactor coolant for any safety system purpose.  (A safety 
system, in this context, is any system that is necessary to 
shut down the reactor, cool the core, cool another safety 
system, or, after an accident, cool the reactor containment.  
Furthermore, a safety system is any system that contains, 
controls, or reduces radioactivity released in an accident.  
Only those portions of a system that are designed primarily 
to accomplish one of the previous functions, or the failure 
of which could prevent accomplishing one of the previously 
mentioned functions, are included.) 

 
3. Portions of the containment atmosphere purification and 

cleanup systems used to clean up the containment atmosphere 
by reducing the radioactivity present in the leakage from the 
containment structure.  These components are located inside 
the containment structure or serve as an extension of the 
containment structure. 
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4. Portions of the main steam system, feedwater system and 
auxiliary feedwater system (AFWS) extending from and 
including the secondary side of the steam generator up to and 
including the outermost containment isolation valves.  
Isolation valves may include stop check valves, check valves, 
pressure relief valves, and safety valves. 

 
5. Systems required to control hydrogen accumulation inside the 

containment. 
 
6. Portions of the reactor coolant auxiliary systems that form a 

reactor coolant letdown and makeup loop. 
 
3.2.2.2.3  Safety Class 3 
 
Safety Class 3 applies to those components, not in Safety Class 1 or 
Safety Class 2, whose failure would result in release to the 
environment of radioactive gases normally required to be held for 
decay. 
 
This safety class also applies to those components, not in Safety 
Classes 1 or 2, that are necessary to: 
 

1. Provide or support any safety system function. 
 
2. Provide reactor coolant boric acid makeup for reactivity 

control. 
 
3. Control airborne radioactivity released outside the 

containment. 
 
4. Remove decay heat from spent fuel. 
 
5. The portion of the AFWS which is not Safety Class 2. 
 

3.2.2.2.4  Non-Nuclear Safety 
 
Non-nuclear (NNS) safety applies to those portions of the nuclear 
power plant not covered by Safety Classes 1, 2, or 3 that can 
influence safe normal operation or that may contain radioactive 
fluids.  Non-nuclear safety components shall be designed to applicable 
industry codes and standards.  Non-nuclear safety components may be 
designed to Quality Assurance (QA) Category II or III, and Seismic 
Category II criteria, either due to their function in a radwaste 
handling system or, as described in the following paragraph, to 
protect other safety-related components. 
 
Where practical, plant design provides physical separation or barriers 
between NNS and safety-related components.  In those areas where the 
failure of NNS components could affect safety-related components, 
other measures, as discussed in Section 3.2.1.2, shall be taken to 
preclude damage by NNS components to the safety-related components.  
For example, NNS piping in these areas is seismically 
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designed to Seismic Category II and QA Category II or III 
requirements. 
 
3.2.2.3  Quality Assurance Categories 
 
The following structures, systems, and components are classified as QA 
Category I: 
 

1. Plant structures, systems, and components whose failure or 
malfunction could cause a release of radioactivity that would 
exceed design criteria. 

 
2. Structures, systems, and components that are vital for a safe 

shutdown of the plant and for the removal of decay and 
sensible heat. 

 
3. Equipment which is necessary to mitigate consequences to the 

public of a postulated accident. 
 
All major QA Category I components are listed in Table 3.2-1. 
 
A QA Category II classification is applied to those plant systems, 
portions of systems, structures and equipment that are not essential 
for a safe shutdown, but are essential for reliable generation of 
electric power.  A QA Category II designation is also applied to those 
systems and components which contain radioactive materials but whose 
failure would not prejudice public safety.  See also Section 1.8, 
BVPS-2 position on Regulatory Guide 1.143 for exceptions to the 
Regulatory Guide requirements for radwaste QA programs.  This QA 
Category II classification ensures that the design, manufacture, 
procurement, storage, and handling, etc., are of a high quality to 
assure that the design requirements are met. 
 
A QA Category III classification is applied to those plant systems or 
portions of systems, structures, and equipment which are not essential 
for a safe shutdown or the reliable generation of electric power. 
 
3.2.2.4  Other Classification Systems 
 
3.2.2.4.1  ASME Code Classes 
 
ASME Code Classes 1, 2, and 3 are used in the ASME Boiler and Pressure 
Vessel Code, Section III (Nuclear Power Plant Components) and are 
referred to in this FSAR as ASME III, Classes 1, 2, and 3.  Components 
are purchased with the objective of full compliance with the 
requirements of ASME III and its addenda in accordance with 10 CFR 
50.55a.  With regard to pumps, valves, piping, tanks, and pressure 
vessels, there is a direct one-for-one correlation between Code 
Classes 1, 2, and 3 and Safety Classes 1, 2, and 3 (Section 3.2.2). 
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Specific code editions and addenda used for pressure vessels, piping, 
pumps, and valves that are part of the reactor coolant pressure 
boundary are in accordance with the requirements of 10 CFR 50.55a. 
 
Piping, tanks, heat exchangers, and miscellaneous equipment for 
safety-related ASME III systems are purchased in accordance with the 
ASME III Code Edition/Addenda indicated in the ASME Code Baseline 
Document.  The basis for establishment of acceptable ASME III and 
ASME XI Code/Edition/Code Cases is 10 CFR 50.55a rules and 
limitations, referenced Regulatory Guides 1.84 and 1.85, and the 
specific Design Specifications utilized for ASME III components and 
piping. 
 
Where Code Cases are utilized, which are not included in the 
issue/revision of Regulatory Guides 1.84 and 1.85 referenced in the 
FSAR, they will be specifically identified in the ASME Code Baseline 
Document. 
 
3.2.2.4.2  Electrical/Control Classification Systems 
 
Class 1E electric systems are defined as those systems that provide 
the electric power used to shut down the reactor and limit the release 
of radioactive material during and following a design basis accident, 
(postulated events used in the design to establish the performance 
requirements of the structures and systems as described in IEEE 
Standards 308.1974).  All Class 1E systems are QA Category I and 
Seismic Category I.  The designs of Class 1E control and electrical 
systems are in accordance with Regulatory Guide 1.32 as described in 
Chapters 7 and 8, respectively. 
 
All other control and electrical systems are designated non-Class 1E.  
Their design is in accordance with applicable design codes as 
described in Chapters 7 and 8.  These non-Class 1E electrical systems 
may be used to power those functions for which a highly reliable power 
source is required but for which a Class 1E classification is not 
necessary. 
 
3.2.3  Tabulation of Codes and Classifications 
 
Tables 3.2-1 and 3.2-2 identify major QA and Seismic Category I 
structures and components and their locations.  These tables also 
provide the following information: 
 

1. Safety classes, 
 
2. Design codes, 
 
3. Missile protection design criteria (including tornado 

protection), and 
 
4. Flood design criteria. 
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TABLE 3.2-1 
 

QUALITY ASSURANCE CATEGORY I AND SEISMIC CATEGORY I SYSTEMS AND COMPONENTS 
 
 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

       
Fluid Systems Components 
 

      

 Reactor Coolant System (Chapter 5) 
 

      

 Reactor vessel/2RCS*REV21 
 

CS 1 ASME III PS PAG, PBG  

 Full-length CRDM housing  
 (Section 3.9N.4) 
 

CS 1 ASME III PS PAG  

 CRDM head adapter plugs 
 

CS 1 ASME III PS PAG  

 Steam generator/2RCS*SG21A,B,C 
  (tube side) 
  (shell side) 
 

 
CS 
CS 

 
1 
2 

 
ASME III 
ASME III 

 
PS 
PS 

 
PAG 
PAG(5) 

 

 Pressurizer/2RCS*PRE21 
 

CS 1 ASME III PS PAG(6)  

 Reactor coolant hot and cold leg 
piping, fittings, and fabrication 

CS 1 ASME III PS PAG Refer to NOTES for 
safety class for other 
piping and associated 
valves in the reactor 
coolant system and other 
auxiliary systems(7)

 
 

 Eight-inch bypass piping 
 

CS 1 ASME III PS PAG  

 Surge pipe, fittings, and fabrication 
 

CS 1 ASME III PS PAG  

 Crossover leg piping, fittings, and 
fabrication 

 

CS 1 ASME III PS PBG  

 Reactor coolant thermowell 
 

CS 1 ASME III PS PAG  

 Reactor coolant stop valves CS 1 ASME III PS PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Pressurizer safety valves 
 

CS 1 ASME III PS PAG  

Power-operated relief valves (PORV) 
 

CS 1 ASME III PS PAG  

PORV block valves 
 

CS 1 ASME III PS PAG  

Reactor vessel head letdown isolation 
valves 
 

CS 1 ASME III 
Class 1E 

PS PAG  

Reactor vessel head letdown throttling 
valves 
 

CS 2 ASME III 
Class 1E 

PS PAG  

Valves of Safety Class 1 to Safety Class 2 
interface 
 

CS 1 ASME III 
Class 1E 

PS PAG, PBG  

Reactor coolant pump/2RCS*P21A,B,C 
 

CS   PS PBG  

 Reactor coolant pump casing 
 

 1 ASME III    

 Main flange 
 

 1 ASME III    

 Thermal barrier 
 

 1 ASME III    

 Thermal barrier heat exchanger 
 

 1 ASME III    

 No. 1 seal housing 
 

 1 ASME III    

 No. 2 seal housing 
 

 2 ASME III    

 Pressure retaining bolting 
 

 1 ASME III    

 Reactor coolant pump motor 
 Motor rotor 
 Motor shaft 
 Shaft coupling 

 

  
2 
1 
1 

NEMA MG1 
   (8) 
   (8) 
   (8) 

   

 Spool piece 
 

 2    (8)    

 Flywheel 
 

 1    (8)    

 Bearing (motor upper thrust)  2    (8)    
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

  Motor bolting 
 

 2 (8)   Applies only to bolting 
involved with coastdown 
function 

  Motor stand 
 

 2 (8)    

  Motor frame 
 

 2 (8)    

  Upper oil reservoir (UOR) 
   UOR cooling coil 
 

 3 
3 

No Code 
ASME III 

   

  Lower oil reservoir (LOR) 
   LOR cooling coil 
   Lube-oil piping 
 

 3 
3 
3 

No Code 
ASME III 

 (10)  

 Instrumentation and controls required 
to perform a safety function 

 

CS, CB NA(17)
 

        
(20) 

(9) PS PAG, PBG  

Safety Injection System (Section 6.3) 
 

      

 LHSI pumps and motors/2SIS*P21A, B SA 2 ASME III 
Class 1E 
 

PS PBG Refer to NOTES (10, 11, 
12, 13) if applicable 
 

 Safety injection accumulators/ 
2SIS*TK21A, B, C 

 

CS 2 ASME III PS PBG  

 Piping and valves, including valve 
operators, required to perform a safety 
function 

 

SA, CS, 
AB, Y 

1, 2 ASME III 
Class 1E 

PS PAG, PBG Class 1 components part 
of reactor coolant pressure 
boundary 

 Instrumentation and controls required 
to perform a safety function 

 

SA, CS, 
AB, CB 

N/A(17)
 

         
(20) 

(9) PS PAG, PBG  

Gaseous nitrogen system (Section 9.5.9) 
 

      

 SI accumulator vent lines - piping and 
valves, including valve operators 
required to perform a safety function 

 

CS 2 ASME III 
Class 1E 

PS PBG  

 Instrumentation and controls required 
to perform a safety function 

 

CS, CV, 
CB 

N/A(17)
 

         
(20) 

(9) PS PBG  
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TABLE 3.2-1 (Cont)  
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Residual Heat Removal System 
(Section 5.4.7) 
 

      

 RHR pumps and motors/ 
2RHS*P21A, B 

 

CS 2 ASME III PS PBG Includes seal cooler as part of 
pump.  Refer to NOTES if (10, 11, 
12, 13)

  applicable 
 

 RHR pump coolers 2RHS*E22A, B 
 

      

 RHR heat exchangers/ 
 2RHS*E21A, B 
  (shell side) 
  (tube side) 
 

CS  
 
3 
2 

 
 
ASME III 
ASME III 

PS PBG (12) 

 Piping and valves, including valve 
operators, required to perform a safety 
function 

CS 1, 2 ASME III 
Class 1E 

PS PBG Class 1 components part of 
reactor coolant pressure 
boundary 
 

 Instrumentation and controls required 
to perform a safety function 

 

CS, CB NA(17)
 

       
(20) 

(9) PS PBG, PAG Includes only pump controls 
and instrumentation and 
controls for motor- operated 
valves to maintain reactor 
coolant pressure boundary 
 

Chemical And Volume Control System 
(Section 9.3.4) 
 

      

 Volume control tank/2CHS*TK22 
 

AB 2 ASME III NR(18) PAG  

 Seal water heat exchanger/2CHS*E21 
 (shell side) 
 (tube side) 

 

AB  
3 
2 

 
ASME III 
ASME III 

NR(18) PAG (10) 

 Seal water filter/2CHS*FLT23 
 

AB 2 ASME III NR(18) PBG (10) 

 Nonregenerative heat exchanger/ 
2CHS*E22 
 (shell side) 
 (tube side) 

 

AB  
 
3 
2 

 
 
ASME III 
ASME III 

NR(18) PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Reactor coolant filter/2CHS*FLT22 
 

AB 2 ASME III NR(18) PBG  

Boric acid blender/2CHS*BL21 
 

AB 3 ASME III PS PAG Located in piping to 
volume control tank 

Deborating demineralizers/ 
2CHS*DEMN23A, B 

 

AB 3 ASME III NR(18) PBG  

Cation bed 
demineralizer/2CHS*DEMN22 
 

AB 3 ASME III NR(18) PBG  

Mixed bed demineralizers/ 
2CHS*DEMN21A, B 
 

AB 3 ASME III NR(18) PBG  

Boric acid tanks/2CHS*TK21A, B 
 

AB 3 ASME III PS PAG  

Boric acid transfer pumps and motors/ 
2CHS*P22A, B 
 

AB 3 ASME III 
Class 1E 

PS PAG  

Boric acid filter/2CHS*FLT21 
 

AB 3 ASME III PS PBG  

Excess letdown heat 
exchanger/2CHS*E24 
 (shell side) 
 (tube side) 
 

CS  
2 
2 

 
ASME III 
ASME III 

NR(18) PBG  

Regenerative heat exchanger/2CHS*E23
 (shell side) 
 (tube side) 
 

CS  
2 
2 

 
ASME III 
ASME III 

PS PBG  

Seal water injection 
filters/2CHS*FLT24A, B 
 

AB 2 ASME III NR(18) PBG  

Charging pumps and motor/ 
2CHS*P21A, B, C 
 

AB 2 ASME III 
Class 1E 

PS PAG (10, 11, 12, 13) 

Letdown orifices/2CHS*ORLD21,22,23 
 

CS 2 ASME III PS PBG  

Reactor coolant pump seal bypass 
orifice/2CHS*ROORSB21,2,3 
 

CS 1 ASME III PS PBG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

 Piping, valves, and valve operators 
required to perform a safety function 

 

CS,AB,CV 1,2,3 ASME III 
Class 1E 

PS PAG, PBG Class I components part 
of reactor coolant 
pressure boundary 
 

 Tubing supplying H2  and N2 to the VCT, 
2CHS*TK22 

 

AB 2 (21) PS PAG, PBG  

 Instrumentation and controls required to 
perform a safety  function 

 

CS,AB,CB,
CV 

NA(17) 
       (20) 

(9) PS PAG, PBG  

Main Steam System (Section 10.3) 
 

      

 Main steam piping and valves from 
steam generators up to and including 
main steam isolation valves and steam 
drains isolation valves 

 

MV,CS 2 ASME III 
Class 1E 

PS PAG  

 Main steam atmospheric dump valves 
2SVS*PCV101A,B,C 
2SVS*HCV104 

 

MV 2 ASME III 
Class 1E 

PS PAG  

 Main steam safety valves 
2MSS*SV101A,B,C 
2MSS*SV102A,B,C 
2MSS*SV103A,B,C 
2MSS*SV104A,B,C 
2MSS*SV105A,B,C 

 

MV 2 ASME III PS PAG  

 Steam isolation valves to the turbine-
driven auxiliary feedwater pump.  Piping 
and valves between main steam headers 
and isolation valves 2MSS*SOV105A-F 

 

MV 2 ASME III 
Class 1E 

PS PAG  

 Piping between steam isolation valves 
and turbine-driven auxiliary feedwater 
pump, and vent piping from the turbine 
driver to atmosphere. 

 

MV,CV,SA 3 ASME III 
Class 1E 

PS PAG, PBG  

 Instrumentation and controls required to 
perform a safety function 

CB,MV, 
CS,SA 

NA(17) 
        (20) 

(9) PS PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Auxiliary Steam System (Section 10.4.10) 
 

      

 Auxiliary steam header isolation valves 
including operators 

 

PT NA ASME III 
Class 1E 

PS PBG  

 Instrumentation and controls required 
to perform a safety function 

 

PT,AB,CB NA(17) 
       (20) 

(9) PS PAG, PBG  

Feedwater and Auxiliary Feedwater 
Systems (Section 10.4) 
 

      

 Feedwater piping and valves from 
steam generator to the outside 
containment isolation valve 

 

CS, MV 2 ASME III 
Class 1E 

PS PAG  

 Auxiliary feedwater piping and valves 
from inside containment feedwater 
lines to and including outside 
containment isolation valve 

 

CS, SA 2 ASME III 
Class 1E 

PS PAG, PBG  

 Auxiliary feedwater piping and manual 
valves from outside containment 
isolation valve through auxiliary 
feedwater pump to 2FWE*TK210 or 
service water system 

 

SA, Y 3 ASME III PS PBG  

 Auxiliary feed pump with electric 
motors/2FWE*P23A, B 

 

SA 3 ASME III 
Class 1E(15) 

PS PBG  

 Turbine-driven auxiliary feedwater 
pump 2FWE*P22 

 

SA 3 ASME III PS PBG  

 Turbine driver for auxiliary feedwater 
pump 2FWE*T22 

 

SA 3 API No. 612 PS PBG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

 Primary plant demineralized water 
storage tank/2FWE*TK210 
(Section 10.4.9) 

 

Y 3 ASME III PS PBG  

 Chemical recirculation pump suction 
valves 

 

Y 3 ASME III 
Class 1E 

PS PBG  

 Feedwater control/bypass valves 
2FWS*FCV 478,479,488,489,498,499 

 

SB 3 ASME III 
Class 1E 

(14) PAG  

 Instrumentation and controls required 
to perform a safety function 

 

MV,SB, 
SA,Y,CB, 
CS 

NA(17) 
       (20) 

(9) PS PAG, PBG  

Service Water System (Section 9.2.1) 
 

      

 Service water system piping and 
valves: 

 

      

 Between and including containment 
isolation valves 

 

CS, CV 2 ASME III PS PBG  

 Outside containment 
 

IS,SA,FB, 
DG,AB, 
CB,Y,CS, 
and CV 
 

3 ASME III(19) PS PAG, PBG  

 Inside containment 
 

CS 3(22) ASME III(22) PS PAG, PBG  

Service water pump and motor/ 
2SWS*P21A, B, C 
 

IS 3 ASME III 
Class 1E 

PS PBG  

Bearing cooling water strainers/ 
2SWS*STRM-47 and 48 
 

IS 3 ASME III 
Class 1E 

PS PBG  

Control room cooling water pump and 
motor/2SWS*P25A, B 
 

CB 3 ASME III 
Class 1E 

PS PAG  

Instrumentation and controls required to 
perform a safety function 
 

CS,CV,IS, 
SB,FB,DG, 
AB,CB 

NA(17) 
       (20) 

(9) PS PAG, PBG  
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TABLE 3.2-1 (Cont) 
 
 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Reactor Plant and Process Sampling System 
(Section 9.3.2.1) 
 

      

 Piping, tubing and valves penetrating 
reactor containment and required to 
provide containment isolation 

 

CS,AB,CV 2 ASME III 
Class 1E 

PS PAG, PBG  

 All other tubing and valves required to 
maintain Safety Class 2 and 3 pressure 
boundary inside containment 

 

CS,CV,AB 2,3 (21) PS PAG, PBG  

 Piping, tubing, and valves outside 
containment 

 

CV,AB NNS ANSI B31.1 NA PAG, PBG  

 Instrumentation and controls required to 
perform a safety function 

 

CB,CS, 
CV,AB 

NA(17) 
(20) 

(9) PS PAG, PBG  

       

Emergency Diesel Generator Supporting 
Systems (Section 9.5) 
 

      

 Air starting system       

  Tanks/ 
2EGA*TK21A,B 
2EGA*TK22A,B 
Shutdown air tank 

 

DG 3 ASME III PS PAG  

  Piping and valves from 
compressor discharge check 
valve up to and including the air 
start solenoid valves, and up to 
the air start valves 

 

DG 3 ASME III PS PAG  

  Air start valves, air start 
distributors, and piping and valves 
downstream of air start valves, air 
start solenoid valves, and 
shutdown solenoid valve 

 

DG 3 Mfr’s Std PS PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

 Air Intake and Exhaust System 
 

      

  Air intake and exhaust piping 
outboard of turbo charger 

 

DG 3 ASME III PS PAG  

  Air intake filter/ 
2EDG*FLTA1A 
2EDG*FLTA1B 

 

DG 3 Mfr’s Std PS PAG  

  Air intake silencer/ 
2EDG*SIL2A, B 
2EDG*SIL1A, B 

 

DG 3 Mfr’s Std PS PAG  

  Turbo charger and engine-
mounted air intake and exhaust 
piping 

 

DG 3 Mfr’s Std PS PAG  

  Exhaust silencer/ 
2EDG*SIL3A, 3B 

 

DG 3 Mfr’s Std PS PAG  

 Cooling Water System 
 

      

  Jacket water expansion 
tank 2EGS*TK1A,B, 
intercooler water heat 
exchanger 2EGS*E21A,B, 
jacket water heat 
exchanger 2EGS*E22A,B, 
jacket water keep-warm 
heater 2EGS*E23A,B, 
jacket water keep-warm 
pump 2EGS*P23A,B 

DG 3 ASME III PS PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

  Engine-driven jacket water pump 
2EGS*P22A,B, engine-driven 
intercooler water pump 2EGS*P21A,B 

 

DG 3 Mfr’s Std PS PAG  

  Cooling water piping and valves from 
jacket water expansion tank to diesel 
generator 

 

DG 3 ASME III PS PAG  

  Engine-mounted cooling water piping 
and valves 

 

DG 3 ASME III/ 
Mfr’s Std 

PS PAG  

 Lubrication System       

  Lube oil heat exchanger 
2EGO*E21A,B, strainers 
2EGO*STR22A,B 

 

DG 3 ASME III PS PAG  

  Engine driven lube oil pump 
2EGO*P21A,B, strainers 
2EGO*STR1A,B, keep warm and 
prelube pump 2EGO*P24A,B 

 

DG 3 Mfr’s Std PS PAG  

  Keep warm heater 2EGO*E24A,B, 
strainers 2EGO*STR23A,B, filters 
2EGO*FLT21A,B 

 

DG 3 ASME III PS PAG  

  Piping and valves external to the 
engine casting 

 

DG 3 ASME III PS PAG  

  Thermostatic control valves 
2EGO*TCV200-1,2 

 

DG 3 Mfr’s Std PS PAG  

  Strainers 2EGO*STR24A,B 
 

DG 3 Mfr’s Std PS PAG  

  Rocker arm lubrication system 
 

DG 3 Mfr’s Std PS PAG  

 Fuel Oil Supply System       

  Fuel oil piping of diesel generator from 
oil storage tank to diesel 

DG 3 ASME III PS PBG, PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

 Diesel fuel oil storage tanks 
2EGF*TK21A, B 

DG 3 ASME III PS PBG  

 Diesel fuel transfer pumps with motor 
2EGF*P21A,B,C,D 

DG 3 ASME III 
Class 1E 

PS PBG, PAG  

  Strainers 2EGF*STR39, 40, 41, 42 
 

DG 3 ASME III PS PAG  

  Diesel fuel oil day tanks 
2EGF*TK22A, B 

 

DG 3 ASME III PS PAG  

  Motor driven fuel oil pump 
2EGF*P22A, B 

 

DG 3 ASME III PS PAG  

  Engine driven fuel oil pump 
2EGF*P23A, B 

 

DG 3 Mfr’s Std PS PAG  

  Fuel oil filters, accumulator tank, 
engine mounted piping and valves 

 

DG 3 Mfr’s Std PS PAG  

 Instrumentation and controls for fuel oil, 
lube oil, air, and cooling water supply 
systems required to perform a safety 
function 

 

DG, CB NA(17) 
       (20) 

(9) PS PBG, PAG  

Primary Plant Component Cooling Water 
System (Section 9.2.2) 
 

      

 Piping and Valves: 
 

      

  Inside containment 
 

CS 3 ASME III 
Class 1E 
 

PS PAG, PBG  

  Outside containment 
 

AB,FB,C
V 

3 ASME III 
Class 1E 
 

PS PAG, PBG  

  Between and including 
containment isolation valves 

 

CV, CS 2 ASME III(15) 

Class 1E 
PS PBG  

 Primary component cooling water surge 
tanks 2CCP*TK21A, B 

AB 3 ASME III PS PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

 Primary component cooling water pumps 
with motors/2CCP*P21A,B,C 

 

AB 3 ASME III 
Class 1E 

PS PAG  

 Primary component cooling water heat 
exchangers 

 

AB 3 ASME III PS PBG  

 Instrumentation and controls required to 
perform a safety function 

 

CS,AB,C
B, FB 

NA(17) 
       (20) 

(9) PS PAG, PBG  

Boron Recovery System (Section 9.3.4) 
 

      

 Degasifier steam heater 
2BRS*E21A, B 

 

AB 3 ASME III NR(18) PBG  

 Degasifier recovery exchanger 
2BRS*E24A1,A2,B1,B2 

 

AB 3 ASME III NR(18) PAG  

 Piping and isolation valves to maintain 
QA Category I pressure boundary 

 

AB 3 ASME III 
Class 1E 

NR(18) PAG, PBG  

Recirculation Spray System (Section 6.2.2) 
 

      

 Recirculation spray pump and motor 
2RSS*P21A,B,C,D 

 

SA 2 ASME III 
Class 1E 

PS PAG, PBG  

 Recirculation spray cooler 
2RSS*E21A,B,C,D 

 

SA 2 ASME III 
Class 1E 

PS PAG, PBG  

 Piping and valves required to perform a 
safety function 

 

SA 2 ASME III 
Class 1E 

PS PAG, PBG  

 Instrumentation and controls required to 
perform a safety function 

 

SA, CB NA(17) 
       (20) 

(9) PS PAG, PBG  

Quench Spray System (Section 6.2.2) 
 

      

 Quench spray pumps and motors 
2QSS*P21A,B 

 

SA 2 ASME III 
Class 1E 

PS PBG  

 Refueling water storage tank 
2QSS*TK21 

 

Y 2 ASME III (14) PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

       

 Piping and valves required to perform a 
safety function 

 

SA, Y 2 ASME III 
Class 1E 

PS PAG, PBG  

 Instrumentation and controls required to 
perform a safety function 

 

SA, CB NA(17) 
       (20) 

(9) PS PAG, PBG  

 Instrumentation and controls required to 
perform a safety function 

 

Y NA(17) 
       (20) 

(9) (14) PAG  

Fuel Pool Cooling and Purification System 
(Section 9.1.3) 
 

      

 Fuel pool cooling pumps and motors/ 
2FNC*P21A,B 

 

FB 3 ASME III 
Class 1E 

PS PBG  

 Fuel pool heat exchangers/ 2FNC*E21A, B 
 

FB 3 ASME III PS PAG  

 Piping and valves required to perform 
safety function 

 

FB 3 ASME III PS PAG, PBG  

 Instrumentation and controls required to 
perform a safety function 

 

FB, CB NA(17) 
       (20) 

(9) PS PAG, PBG  

Steam Generator Blowdown System (Section 
10.4.8) 
 

      

 Piping and valves required to maintain 
containment/steam generator pressure 
boundary or to perform a safety function 

 

CV, CS 2,3 ASME III 
Class 1E 

PS PAG  

Combustible Gas Control System  (Section 6.2.5)       

       

 Hydrogen analyzers/ 2HCS*HA100A, B 
 

CV NA(17) ASME III 
Class 1E 

PS PAG  
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TABLE 3.2-1 (Cont) 
 

 
Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

 Piping and valves required to perform a 
safety function 

 

SA,CS 2 ASME III 
Class 1E 

PS PAG  

 Piping and valves penetrating reactor 
containment and required to provide 
containment isolation 

 

SA,CS 2 ASME III 
Class 1E 

PS  PAG  

 All other tubing and valves required to 
maintain Safety Class 2 pressure 
boundary 

 

SA,CS 2 (21) PS PAG  

 Hydrogen recombiner inline heaters 
2HCS*H24A,B 

 

CV 2 ASME III 
Class 1E 

PS PAG  

 Instrumentation and controls required 
to perform a safety function 

 

SA, CB NA(17) 
       (20) 

(9) PS PAG  

Solid Waste Disposal System (Section 11.4) 
 

      

 Piping and valves connecting to CHS 
demineralizers 

 

AB 3 ASME III NR(18) PBG  

Containment Isolation Components (All 
applicable fluid systems) 
(Section 6.2.4) 
 

      

 Isolation valves 
 

CV,SA, 
MV,FB 
 

2 ASME III 
Class 1E 

PS PAG, PBG  

 Piping between isolation valves and 
penetration 

 

CV,SA, 
MV,FB 

2 ASME III PS PAG, PBG  

 Controls and electrical supply required 
to perform isolation function 

 

CV,SA, 
MV,FB,CB 

NA(17) (9) PS PAG, PBG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Containment Vacuum Leak Monitoring 
System (Section 6.2.6) 
 

      

 Piping and valves required to perform a 
safety function 

 

CS, CV 2 ASME III 
Class 1E 

PS PBG  

 Instrumentation and controls required 
to perform a safety function 

 

CV, CB NA(17) 
       (20) 

(9) PS PAG, PBG  

Neutron Shield Tank Cooling System 
 

      

 Neutron shield tank 2RCS*SUP21 
(Section 5.4.14) 

 

CS Refer to 
Section 
5.4.14 
 

 PS PBG  

 Neutron shield tank coolers/2NSS*E21 
(Section 9.4) 

 

CS 3 ASME III PS PAG  

Ventilation Systems 
 

      

 Control Room Air Conditioning System 
(Section 9.4.1) 

 

      

   Air conditioning units/ 
2HVC*ACU201A,B 

 

CB 3 AMCA/ASME III 
Class 1E 

PS PAG  

   Emergency filtration fans 
motors/2HVC*FN241A,B 

 

CB 3 AMCA/ANSI 
Class 1E 

PS PAG  

   Supply fans motors/ 
2HVC*FN266A,B 

  

AB 3 AMCA/ANSI 
Class 1E 

PS PAG  

   Return fans motors/ 
2HVC*FN265A, B 

  

AB 3 AMCA/ANSI 
Class 1E 

PS PAG  

   Dampers and ductwork 
 

CB 3 SMACNA PS PAG  

   Electric duct heaters/ 
2HVC*CH222A,B 

 

CB 3 ASTM/ANSI 
Class 1E 

PS PAG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

   Charcoal filters/ 
2HVC*FLTA 252A,B 

 

CB 3 ASTM/ANSI 
ORNL-NSIC-65 

PS PAG  

   HEPA filters/ 
2HVC*FLTA251A,B 
2HVC*FLTA253A,B 

 

CB 3 ASTM/ANSI 
ORNL-NSIC-65 

PS PAG  

   Moisture separators/ 
2HVC*MSP21A,B 

 

CB 3 ASTM/ANSI PS PAG  

   Control room refrigeration 
Units/2HVC*REF24A,B 

 

CB 3 ASME III 
Class 1E 

PS PAG  

   Piping and valves for service 
water supply and refrigerant 
system 

 

CB 3 ASME III 
ANSI 

PS PAG  

   Instrumentation and controls 
required to perform a safety 
function 

 

CB NA(17) 
       (20) 

(9) PS PAG  

Service Building Ventilation System 
(Section 9.4.10) 

      

 Emergency switchgear exhaust fans 
2HVZ*FN262A,B 

CV 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Emergency switchgear supply fans 
2HVZ*FN261A,B 

CV 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Battery room exhaust fans 
2HVZ*FN216A,B 

CV 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Dampers and ductwork 
 

CV,SB 3 SMACNA PS PAG  

 Instrumentation and controls required to 
perform a safety function 

 

SB,CB,C
V 

NA(17) 
       (20) 

(9) PS PAG, PBG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Emergency Diesel Generator Building 
Ventilation System (Section 9.4.6) 
 

      

 Ventilation supply fans  
2HVD*FN270A,B  
2HVD*FN271A,B  
 

DG 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Dampers and ductwork   
  

DG 3 SMACNA 
 

PS PAG  

 Ventilation exhaust fans 
2HVD*FN222A,B 

 

DG 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Instrumentation and controls required to 
perform a safety function 

 

DG,CB NA(17) 
       (20) 

(9) PS PBG, PAG  

Intake Structure Ventilation System 
(Section 9.4.8) 
 

      

 Supply fans motors 
2HVW*FN257A,B,C 

 

IS 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Dampers and ductwork 
 

IS 3 SMACNA PS PAG  

        Instrumentation and controls required to 
perform a safety function 

 

IS NA(17) 
       (20) 

(9) PS PAG  

Safeguards Area Ventilation System (Section 
9.4.11) 

      

 Air conditioning units 
2HVR*ACU207A,B 

 

SA 3 AMCA/ASME III 
Class 1E 

PS PAG  

 Dampers and ductwork 
 

MV 3 SMACNA PS PAG  

 Instrumentation and controls required to 
perform a safety function 

 

SA, CB NA(17) 
       (20) 

(9) PS PAG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Main Steam Valve Area Ventilation System 
(Section 9.4.9) 

      

 Ventilation fans 
2HVR*FN206A,B 

 

MV 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Dampers and ductwork MV 3 SMACNA PS PAG  

        

 Instrumentation and controls required to 
perform a safety function 

 

MV,CB NA(17) 
       (20) 

(9) PS PAG  

MCC Room Ventilation System 
(Section 9.4.3) 

      

 Ventilation fans 
2HVP*FN265A,B 

 

AB 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Dampers and ductwork 
 

AB 3 SMACNA PS PAG  

 Cooling coils/2HVP*CLC265A,B 
 

AB 3 ASME III PS PAG  

 Instrumentation and controls required to 
perform a safety function 

 

AB,CR NA(17) 
        (20) 

(9) PS PAG  

Cable Vault and Rod Control Area Ventilation 
System (Section 9.4.12) 
 

      

 Air conditioning units 
2HVR*ACU208A,B 

CV 3 AMCA/ASTM 
Class 1E 
 

PS PBG  

 Dampers and ductwork 
 

CV 3 SMACNA PS PBG  

 Instrumentation and controls required to 
perform a safety function 

 

CV, CB NA(17) (9) PS PBG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Auxiliary Building and Radwaste Area 
Ventilation System (Section 9.4.3) 
 

      

 Exhaust fans motors 
2HVP*FN264A,B 

 

AB 3 AMCA/ANSI 
Class 1E 

PS PAG  

 Dampers and ductwork 
 

AB 3 SMACNA PS PAG  

 Instrumentation and controls required 
to perform a safety function 

 

AB NA(17) (9) PS PAG  

Supplementary Leak Collection System 
(Section 6.5.3.2) 
 

      

 Filter exhaust fans motors 
2HVS*FN204A,B 

AB 3 AMCA/ANSI 
Class 1E 

PB PAG  

 Charcoal filter assembly 
2HVS*FLTA205A,B 
and 
2HVS*FLTA208A,B 

 

 
AB 

 
3 

 
ASTM/ANSI 
 
ORNL-NSIC-65 

PB PAG  

 HEPA filters 
2HVS*FLTA204A,B 
2HVS*FLTA206A,B 
2HVS*FLTA207A,B 
2HVS*FLTA209A,B 

 

AB 3 ASTM/ANSI 
ORNL-NSIC-65 

PB PAG  

 Moisture separator assembly 
2HVS*MSP21A,B 
2HVS*CH219A,B 
2HVS*FLTA250A,B 

 

AB 3 ASTM/ANSI 
Class 1E 
 
ASTM/ANSI 

PB PAG  

 Dampers and ductwork AB,FB,CS,
CV,SB, 
WH,SA,AB 
el 773’-6” 
 

3 
 
 
3 

SMACNA 
 
 
SMACNA 

PS 
 
 
PB 

PAG 
 
 
PAG 

 

 Instrumentation and controls required 
to perform a safety function 

AB, CB  
AB el  
773’-6” 

NA(17) 
 
NA(17) 

(9) 

 
(9) 

PS 
PB 

PBG, PAG 
PAG 
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Alternate Shutdown Panel Ventilation 
System (Section 9.4.12) 
 

      

 Air conditioning units/2HVP*ACUS301 
 

CV 3 AMCA/ASME III 
Class 1E 
 

PS PAG  

 Dampers and ductwork 
 

CV 3 SMACNA PS PAG  

 Instrumentation and controls required 
to perform a safety function 

 

CV NA  PS PAG  

Containment Ventilation Systems 
(Section 9.4.7.1) 
 

      

 Dampers and ductwork 
 

CS 3 SMACNA PS PAG  

 CRDM shroud cooling coils 
2HVR*CLC202A-1,2,B-1,2,C-1,2 

 

CS 3 ASME III PS PBG  

 Instrumentation and controls required 
to perform a safety function 

 

CS, CB NA  PS PAG,PBG  

Radiation Monitoring System 
(Sections 11.5 and 12.3.4) 
 

      

   Area Monitors: 
 

      

 In containment hi-range 2RMR*RQ206,
207 

 

CS NA Class 1E PS PAG  

 Outside personnel hatch 2RMR*RQ202 
 

AB NA Class 1E PS PAG  

 Control room 2RMC*RQ201, 202 
 

CB NA Class 1E PS PAG  

   Process Monitors: 
 

      

 Containment Purge 
 

CS NA Class 1E PS PAG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

 Containment purge 2HVR*RQ104A,B 
 

CS NA(17) Class 1E PS PAG  

 Recirculation spray heat exchanger 
service water 2SWS*RQI100A,B,C,D 

 

DG NA(17) 
       (20) 

Class 1E PS PAG  

   Airborne Monitors: 
 

      

 Containment airborne 2RMR*RQI303 
 

CV NA(17) 
       (20) 

Class 1E PS PAG  

   Effluent Monitors: 
 

      

 Elevated release 2HVS*RQI109B,C 
 

AB NA(17) 
       (20) 

Class 1E PS PAG  

 Main steam discharge 2MSS*RQI101 
 

Later NA(17) 
       (20) 

Class 1E PS PAG  

Miscellaneous Nuclear/Mechanical 
Components 
 

      

 Fuel handling System (Section 9.1.4) 
 

      

  Spent fuel handling tool/2FNR*TL213 
 

FB 3  PS PAG  

  RV head and upper internals lifting 
device/2FNR*CRN203 

 

CS 1  PS PAG Only those portions 
that furnish support to 
CRDMS 
 

  Fuel transfer tube and flange/ 
2FNC*TFT21 

 

CS, FB 2 ASME III PS PAG Portions of 
containment 
boundary 

  New and spent fuel storage racks/ 
2FNR*RAK21,22 

 

FB 3 (8) PS PAG, PBG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Reactor Vessel or Core-Related 
Components (Section 3.9) 
 

      

 Irradiation sample holder 
 

CS 2  PS PAG  

 Control rod drive mechanism/ 
2RCS*RDMF21 (full length) 

 

CS 1 ASME III PS PAG  

 Control rod drive tubes/2RCS*ROGT21 
 

CS 2  PS PAG Required for reactor 
shutdown 
 

 CRDM seismic support/2RCS*SUP21 
 

CS 2 ASME III PS PAG  

 CRDM seismic support/spacer plates 
 

CS 1 ASME III PS PAG  

 CRDM seismic support platform/ 
2RCS*SUP22 

 

CS 1 ASME III PS PAG  

 Reactor vessel internals 
 

CS 2  PS PBG, PAG The major internals direct 
flow, ensure core cooling, 
and prevent displacement 
of the core. 
 

 Control rod clusters (full Length)/ 
2RCS*RCC22 

 

CS 2  PS PAG, PBG Required for reactor 
shutdown 

 Incore Instrumentation 
 

      

  Seal table assembly/ 
2RCS*STP21 

 

CS 1 ASME III PS PBG  

  Thimble guide couplings 
 

CS 1 ASME III PS PBG  

  Thimble guide tubing 
 

CS 1 ASME III PS PBG  

Reactor containment crane/2CRN*201 
 

CS NA(17) CMAA-70 PS PAG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Electrical Systems (Sections 8.2 and 8.3) 
 

      

 Emergency diesel generators/ 
2EGS*EG2-1,2 

 

DG NA(17) Class 1E PS PAG  

 4kV Switchgear/2AE;2DF 
 

SB NA(17) Class 1E PS PBG  

 480 V Substation/480VUS*2-8; 
480VUS*2-9 

 

SB NA(17) Class 1E PS PBG  

 480 V Motor control centers/ 
MCC*2-E01,E02 

 

IS NA(17) Class 1E PS PBG  

 MCC*2-E03,E04 
 

AB NA(17) Class 1E PS PAG  

 MCC*2-E05,E13 
 

CV NA(17) Class 1E PS PAG  

 MCC*2-E06,E14 
 

MV NA(17) Class 1E PS PAG  

 MCC*2-E07,E08 
 

DG NA(17) Class 1E PS PAG  

 MCC*2-E09,E10 
 

CB NA(17) Class 1E PS PBG  

 MCC*2-E11,E12 
 

SA NA(17) Class 1E PS PAG  

 MCC*2-E15 
 

ASP NA(17) Class 1E PS PAG  

 Station batteries electrical system/ 
BAT*BKR2-1,2,3,4 
BAT*CHG2-1,2,7 
BAT*2-1,2,3,4 

 

 
SB 

 
NA(17) 

 
Class 1E 

 
PS 

 
PBG, PAG  

 

 Vital bus inverters/ 
UPS*VITBS2-1,2,3,4 

 

SB NA(17) Class 1E PS PBG  

 125 V dc switchboard/ 
DC*SWBD2-1,2 

 

SB NA(17) Class 1E PS PBG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

120 V ac emergency distribution panels/ 
PNL*AC2-E1,E2 
 

 
SB 

 
NA(17) 

 
Class 1E 

 
PS 

 
PBG 

 

 PNL*AC2-E3,E4, 
 

CB NA(17) Class 1E PS PBG  

 PNL*AC2-E5,E6 
 

IS NA(17) Class 1E PS PBG  

 PNL*AC2-E7,E8 
 

SB NA(17) Class 1E PS PBG  

 PNL*AC2-E9 
 

ASP NA(17) Class 1E PS PAG  

 PNL*AC2-E10, E11 
 

CV NA(17) Class 1E PS PAG  

125 V dc distribution panels/ 
 PNL*DC2-02,03 
 

 
CB 

 
NA(17) 

 
Class 1E 

 
PS 

 
PBG 

 

 PNL*DC2-06,07, 
 

SB NA(17) Class 1E PS PBG  

 PNL*DC2-10,11 
 

CV NA(17) Class 1E PS PAG  

 PNL*DC2-15,16 
 

CV NA(17) Class 1E PS PAG  

 PNL*DC2-19, 20  SB NA(17) Class 1E PS PAG 
 

 

Vital bus distribution panels/ 
 PNL*VITBS2-1A,2A,3A,3C,4A,4C 
 

 
CB 

 
NA(17) 

 
Class 1E 

 
PS 

 
PBG 

 

 PNL*VITBS2-1C,2C 
 

CB NA(17) Class 1E PS PAG  

Pressurizer heater distribution panels/ 
 PNL*2RCP H2A,H2B,H2D,H2E 
 

 
CS 

 
NA(17) 

 
Class 1E 

 
PS 

 
PAG 

 

Vital bus voltage regulating transformers/ 
 REG*VITBS2-1B,2B,3B,3C,4B,4C 
 

 
CB 

 
NA(17) 

 
Class 1E 

 
PS 

 
PBG 

 

 TRF*IRT-ASP 
 

ASP NA(17) Class 1E PS PAG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Emergency ac distribution 
 

      

 Transformer/TRF*PWR2-E1,E2 
 

SB NA(17) Class 1E PS PBG  

 TRF*PWR2-E3, E4 
 

CB NA(17) Class 1E PS PBG  

 TRF*PWR2-E5, E6 
 

IS NA(17) Class 1E PS PBG  

 TRF*PWR2-E7, E8 
 

SB NA(17) Class 1E PS PAG  

 TRF*PWR2-E9 
 

ASP NA(17) Class 1E PS PAG  

 TRF*PWR2-E10, E11 
 

CV NA(17) Class 1E PS PAG  

Safety related distribution panels 
 

SB,CB,IS, 
CV 
 

NA(17) Class 1E PS PBG, PAG  

Class 1E cable 
 

All NA(17) Class 1E PS PBG, PAG  

Electrical penetrations and assemblies 
 

CS NA(17) Class 1E PS PBG, PAG  

Class 1E cable supports, cable tray, 
conduits and their supports; ductlines and 
manholes 
 

All NA(17) Class 1E PS PBG, PAG  

Main control board/2BNCHBD*A,B, and C 
2VERTBD*A,B, and C 
2CES*HPW101A and B 
 

CB NA(17) Class 1E PS PAG  

Emergency shutdown panel/PNL*2SHUTDN 
 

CB NA(17) Class 1E PS PBG  

Post-DBA hydrogen control panel/ 
PNL*2HCP 
 

SA NA(17) Class 1E  PS PAG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Feedwater isolation test panel/PNL*2FWIV 
 

CV NA(17) Class 1E PS PAG  

Building service control panel/ 
PNL*2BLG-SER 
 

CB NA(17) Class 1E PS PAG  

Shutdown transfer relay panels/ 
PNL*REL-241 and 251 
 

SB NA(17) Class 1E PS PBG  

Auxiliary emergency relay panels/ 
PNL*REL-242, 252, 246, 256 
 

SB NA(17) Class 1E PS PBG  

Emergency diesel generator protection relay 
panels/PNL*REL-243, 253 
 

SB NA(17) Class 1E PS PBG  

Emergency diesel generator sequencing 
panels/PNL*SEQ-244, 254 
 

SB NA(17) Class 1E PS PBG  

Bus tie differential relay panels/ 
PNL*REL-245, 255 
 

SB NA(17) Class 1E PS PBG  

Emergency bus under-voltage test panels/ 
PNL*2UV-T-A,-B 
 

SB NA(17) Class 1E PS PBG  

Miscellaneous Electrical Relay Panels 
 PNL*REL-247,248,249,250,257,258, 
 259,269,279,280,281,282,283,285,286, 
 290,295,296 
 

SB NA(17) Class 1E PS PBG  

Annunciator isolation panels/ 
2IHA*OCABCB1 and 2IHA*PCABCB1 
 

CB NA(17) Class 1E PS PBG  

2IHA*OCABAB1 and 2IHA*PCABAB1 
 

AB NA(17) Class 1E PS PAG  

2IHA*OCABCV1 and 2IHA*PCABCV1 
2IHA*OCABCV2 and 2IHA*PCABCV2 
 

CV NA(17) Class 1E PS PAG  
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

2IHA*OCABDG1 and 2IHA*PCABDG1 
 

DG NA(17) Class 1E PS PAG  

2IHA*OCABSB1, 2, 3 and  
2IHA*PCABSB1, 2, 3 
 

SB NA(17) Class 1E PS PAG  

Hydrogen recombiner panels/ 
PNL*2HCS-2A,B 
 

SA NA(17) Class 1E PS PAG  

Hydrogen analyzer panels/ 
2HCS*PNL100A,B 
 

SB NA(17) Class 1E PS PAG  

Safety related electronic analog 
instrumentation racks/ 
RK*2SEC-PROC-A,A1,B,B1 
 

CB 
 

NA(17) Class 1E PS PBG  

Refrigeration condenser (control room A/C) 
control panel/PNL*REF24A,B 
 

CB 
 

NA(17) Class 1E PS PAG  

Solid state reactor protection racks/ 
RK*2RC-PRT-A, -B and 2RPS*AUX-A,B 
 

CB NA(17) (15) PS PBG  

Reactor Protection Test Racks 
RK*2P-TST-A,-B 
 

CB NA(17) (15) PS PBG  

Loop stop valve racks/RK*2VV-REL-A,-B 
 

CB NA(17) (15) PS PBG  

Nuclear instrumentation rack/ 
RK*2NUC-INS 
 

CB NA(17) (15) PS PBG  

Auxiliary relay cabinets/RK*2AUX-REL-A,B 
 

CB NA(17) (15) PS PBG  

Transformer Switches 
 2RHS*TRS-MOV701B 
 2RHS*TRS-MOV702A 
 2HVW*TRS-FN257C 
 

 
CV 
CV 
IS 

 
NA(17) 

NA(17) 

NA(17) 

 

Class 1E 
Class 1E 
Class 1E 

 
PS 
PS 
PS 

 
PBG 
PBG 
PBG 
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Item/Mark No.(16) 

 
Location(1) 

Safety 
Class 

Code or 
Standard(15) 

Missile 
Protection(2) 

Flood 
Protection(3,4) 

 
Remarks 

Diesel Generator Control Panel 
 PNL*2DIGEN-1 
  *2DIGEN-2 
 

DG 
 

NA(17) Class 1E PS PBG  

Main Steam Trip Valve Panel 
 PNL*2MSIV-A,B,C 
 

CV NA(17) Class 1E PS PAG  

Auxiliary Reactor Protection Test Racks 
 RK*2AUX-RPST-A, -B 

CB NA(17) Class 1E PS PBG  

       

Radiation Monitor Racks 
 2RMS*BAY-1 
 2RMS*BAY-3 
 

CB NA(17) Class 1E PS PBG  

Primary Process Racks 
 RK*2PRI-PROC-1,2,3, and 4 
 

CB NA(17) Class 1E PS PBG  

Instrument Transmitter Racks 
 2CES*RAK 901, 902 
 

IS NA(17) Class 1E PS PBG  

Containment Penetration Back-up 
Protection Breaker Panels 
 2PNL*RCPBP-02, 03 
 2PNL*RCPBP-06,07,09 
 2PNL*RCPBP-08 
 

 
 
CB 
CV 
SB 

 
 
NA(17) 

NA(17) 
NA(17) 

 
 
Class 1E 
Class 1E 
Class 1E 

 
 
PS 
PS 
PS 

 
 
PBG 
PAG 
PBG 

 

480 V Containment Back-up Protection 
Cabinets 
 2CAB*RCPBP-04, 05,06 
 2CAB*RCPBP-07,08 
 

 
 
CV 
SB 

 
 
NA(17) 
NA(17) 

 
 
Class 1E 
Class 1E 

 
 
PS 
PS 

 
 
PAG 
PBG 

 

Heat Tracing Equipment 
 2HTS*TRFA1SG 
 2HTS*TRFB1SG 
 2HTS*PNLA1SG 
 2HTS*PNLB1SG 

 
SA 
SA 
SA 
SA 

 
NA(17) 
NA(17) 
NA(17) 
NA(17) 

 
Class 1E 
Class 1E 
Class 1E 
Class 1E 

 
PS 
PS 
PS 
PS 

 
PAG 
PAG 
PAG 
PAG 
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NOTES: 
 
1. Location symbols 
 
 AB - Auxiliary building 
 CB - Control building 
 CP - Condensate polishing building 
 CS - Reactor containment 
 CV - Cable vault area 
 DB - Decontamination building 
 
 DG - Diesel generator building 
 FB - Fuel building 
 IS - Intake structure 
 MV - Main steam valve area 
 PT - Pipe tunnel area 
 SA - Safeguards area 
 SB - Service building 
 TB - Turbine building 
 WH - Waste handling building 
 Y - Yard 
 ASP - Alternate shutdown panel 
 
2. Missile protection symbols 
 
 PD - Designed to withstand the effects of internal or externally-generated missiles. 
 PS - Protection provided from externally-generated missiles by a structure designed for this purpose or a below grade location.  

Protection provided from internally-generated missiles by physical separation or barriers. 
 PB - Protection provided from internally-generated missiles by physical separation or barriers.  Protection from externally-generated 

missiles is not required. 
 
3. Flood protection symbols 
 
 PAG - External flood protection by above grade location. 
 PBG - Located below grade and external flood protected by design of enclosing structure. 
 
4. Grade elevation is taken as el 735 feet. 
5. Represents code class upgrading:  As permitted by Paragraph NA-2134 of the ASME Code, Section III, this component is upgraded from 

the minimum required Code Class 2 to Code Class 1. 
6. Service required to support a safety or other necessary function:  Emergency power - manual loading, where applicable. 
7. Safety classes for piping and valves are as defined by the piping and instrumentation diagrams.  Code classes are those required by the 

safety class. 
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NOTES:  (Cont) 
 
8. Parts are mechanically of safety class where applicable and must meet the structural integrity requirements of the specification and quality 

assurance requirements of 10 CFR 50, Appendix B. 
9. Refer to Table 7.1-1 for a listing of applicable criteria. 
10. Portions of equipment containing component cooling water are Safety Class 3, Code Class 3. 
11. Services required to support a safety or other necessary function:  Emergency power - automatic loading, where applicable. 
12. Services required to support a safety or other necessary function:  Component cooling water. 
13. Services required to support a safety or other necessary function:  Service water. 
14. Components need not be missile-protected since they are used only during accident conditions for which a missile need not be postulated. 
15. Seismic requirements for Class 1E components conform with or exceed those outlined in IEEE Standard-344-1975 and are in agreement 

with the recommendations of USNRC EICSB 10.  Refer to Section 3.10 and 3.11 for further details. 
16. Drawings and other detailed information are located in Section 1.7 and the appropriate equipment sections as identified. 
17. NA - Not applicable 
18. NR - Not required 
19. Portions of the BVPS-2 Safety Class 3 service water system piping in the shared Unit 1/Unit 2 intake structure and buried lines from the 

intake structure to the valve pit were installed during the BVPS-1 construction effort and under BVPS-1 procedures and specifications. 
20. The boundary of jurisdiction of ASME Code Section III, Class 2 and 3 process piping extends to and includes the root valve for the 

instrumentation tubing.  The appropriate safety class extends from the root valve to the sensing instrument.  Seismic Category I supports 
are employed for Safety Class 2 and 3 instrument tubing.  The requirements for Safety Class 2 and 3 instrument tubing are listed in the 
ASME Code Baseline Document. 

21. The tubing is classified as Quality Assurance Category I, Seismic Category I and Safety Class 2 or 3,  except not ASME code stamped.  
However, the tubing is designed and tested in accordance with the requirements of ASME III Code Class 2 or 3.  The tubing material is 
purchased to the requirements of ASME III.  In addition, the tubing is stress analyzed and supported in accordance with ASME III. 

22. The containment air recirculation system piping, valves and heat exchangers are Safety Class NNS, Non-ASME. 
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TABLE 3.2-2 
 

CLASSIFICATION OF STRUCTURES 
 
 
 
Building 

 
QA 
Category I 

 
Seismic 
Category I 

 
Tornado 
Protection 

External 
Flood 
Protection 

     
Reactor containment Yes Yes Yes up to el 

730 feet 
 

Service building up to el 
780 feet(6) 

up to el 
780 feet (6) 

up to el 
780 feet (6) 

up to el 
730 feet 
 

Auxiliary building up to el 
773 feet 
-6 inches (1)

up to el 
773 feet  
-6 inches (1) 

up to el 
773 feet 
-6 inches 
(1) 

 

up to el 
730 feet 

Fuel and decontamination 
building 
 

Yes Yes Yes up to el 
730 feet 
 

Emergency diesel generator 
building 
 

Yes Yes Yes up to el 
730 feet 
 

Safeguards area Yes Yes Yes up to el 
730 feet 
 

Cable vault (2)  Yes (2) Yes(2) Yes(2) up to el 
730 feet 
 

Main steam valve area Yes Yes Yes up to el 
730 feet 
 

Cable tunnel Yes Yes Yes up to el 
730 feet 
 

RWST/CAT pad and surrounding 
shield wall 
 

Yes Yes No up to el 
730 feet (3) 

Control building(4) Yes Yes Yes up to el 
730 feet 
 

Primary demineralized water 
storage tank pad and enclosure 
 

Yes Yes Yes up to el 
730 feet 
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TABLE 3.2-2 (Cont) 
 

 
 

Building 

 
QA 

Category I 

 
Seismic 

Category I 

 
Tornado 

Protection 

External 
Flood 

Protection 
     
Pipe trenches (except north and 
south interconnecting trenches to 
BVPS-1) 
 

Yes Yes Yes(7) up to el 
730 feet 
 

Service water valve pits Yes Yes Yes up to el 
730 feet 
 

Emergency outfall structure Yes Yes Yes up to el 
730 feet 
 

Equipment hatch platform Yes Yes Yes up to el 
730 feet 
 

Primary intake structure(5) Yes Yes Yes up to el 
737 feet 
 

 
NOTES: 
 
1. The steel frame above el 773 feet 6 inches of auxiliary building is QA Category I, Seismic 

Category I, but is not designed for tornado.  The concrete ventilation core area, 
component cooling surge tank cubicle, and air conditioning room above el 773 feet 6 
inches are QA Category I, Seismic Category I, and tornado-protected. 

 
2. Structure includes pipe tunnel area at el 718 feet 6 inches from auxiliary building to reactor 

containment.  The steel roof structure at el 797 feet and the steel structure above el 787 
feet 6 inches of the cable vault are not QA Category I, Seismic Category I, or tornado-
protected. 

 
3. The surrounding shield wall is not designed to contain water level resulting from a tank 

rupture.  The wall is designed for SSE seismic loads. 
 
4. Extension of BVPS-1 control room. 
 
5. Structure is a shared facility with BVPS-1 and is described in BVPS-1 FSAR. 
 
6. Service building is Seismic Category I, QA Category I, and tornado missile-protected up to 

and including the floor at el 780 feet-6 inches. 
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TABLE 3.2-2 (Cont) 
 

7. The QA Category I, Seismic Category I pipe trenches provide tornado protection except 
for approximately 103 feet of length adjacent to the fuel and decontamination building.  
This unprotected length of trench does not contain safety-related piping, components, or 
equipment. 
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TABLE 3.2-3 
 

DIAGRAMS SHOWING QUALITY GROUP CLASSIFICATION 
 
The quality group classification information shown on the station diagrams listed below are 
incorporated by reference into the UFSAR.  Other information presented on these station 
diagrams is not considered part of the UFSAR.  The contents of these station diagrams are 
controlled by station procedure. 
 
 
 
SYSTEM 

STATION 
DRAWING 

Reactor Coolant System (Chapter 5) RM-75A 
  
Pressurizer Spray and Relief System RM-75B 
  
Safety Injection System (Section 6.3) RM-87A 

RM-87B 
  
Gaseous Nitrogen System (Section 9.5.9) RM-71B 
  
Miscellaneous Drains - Secondary Plant RM-58A 
  
Residual Heat Removal System (Section 5.4.7) RM-76A 
  
Chemical and Volume Control System (Section 9.3.4) RM-79A 

RM-79B 
RM-79C 
RM-79D 

  
Main Steam System (Section 10.3) RM-41A 
  
Feedwater and Auxiliary Feedwater Systems (Section 10.4) RM-45A 

RM-45B 
  
Service Water System (Section 9.2.1) RM-47B 

RM-47C 
RM-47D 
RM-47F 

  
Reactor Plant and Process Sampling System (Section 9.3.2.1) RM-99F 

RM-99B 
  
Post Accident Sampling System (Section 9.3.2.3) RM-99E 
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TABLE 3.2-3 (Continued) 
 
 
SYSTEM 

STATION 
DRAWING 

Emergency Diesel Generator Supporting Systems (Section 9.5) RM-72A 
RM-72B 

 EDG Fuel Oil Supply System 
EDG Cooling Water System 
EDG Air Starting System 
EDG Lubrication System 
EDG Air Intake and Exhaust System 

 
 
 
RM-436-5A 

   
Primary Plant Component Cooling Water System (Section 9.2.2) 
 
 
 
Neutron Shield Tank Cooling System 

RM-77A 
RM-77B 
RM-77C 
RM-77E 
RM-77F 

  
Nuclear Equipment Vent and Drain System RM-89A 

RM-89B 
RM-89C 

  
Boron Recovery System (Section 9.3.4) RM-92A 
  
Recirculation Spray System (Section 6.2.2) RM-85A 
  
Quench Spray System (Section 6.2.2) RM-85B 
  
Fuel Pool Cooling and Purification System (Section 9.1.3) RM-82A 
  
Steam Generator Blowdown System (Section 10.4.8) RM-100A 
  
Combustible Gas Control System (Section 6.2.5) RM-110A 
  
Solid Waste Disposal System (Section 11.4) RM-97A 
  
Containment Vacuum Leak Monitoring System RM-88A 
  
Control Room Air Conditioning System (Section 9.4.1) RB-84C 
  
Service Building Ventilation System (Section 9.4.10) RB-84A 
  
Emergency Diesel Generator Building Ventilation System 
(Section 9.4.6) 

RB-84H 

  
Intake Structure Ventilation System (Section 9.4.8) RB-84B 
  
MCC Room Ventilation System (Section 9.4.3) RB-84J 
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TABLE 3.2-3 (Continued) 
 
 
SYSTEM 

STATION 
DRAWING 

Cable Vault and Rod Control Area Ventilation System 
(Section 9.4.12) 

RB-85K 

  
Auxiliary Building and Radwaste Area Ventilation System 
(Section 9.4.3) 

RB-85G 
RB-85C 

  
Supplementary Leak Collection System (Section 6.5.3.2) RB-85C 

RB-85F 
RB-136B 
RB-85D 

  
Alternate Shutdown Panel Ventilation System (Section 9.4.12) RB-85K 
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EXH�ST STACK 
PRIM AUX. BLOG 

j __ Zt.��-Z• 4 2.1 "--. -:_-:_-:._.-_--_-:_�_,... _ __.-:_-_"':_-_-:.�-:_'":.._-� '.'.'..':.':...-�!:.-=...-:'.'.:: ::• ----�':.":.':. -�=.:._------ ----------­

..._ 

FINALIZED FLUID SYSTEM 

THI INfOAMATIOH Of4 TI11S OAAWIHG MAI' HOT I[ 
COPIED OA UStD ,OR OTH[R THAN THt CCIHSTIUJCTION, 

MAINT(HANC[ Diii R[PA.IR Of Ttt[ P'L.MT FAClllTI' 

OUCRl8[0 lfll TH[ TITll ILOCK. 

� OF H ooCUiNr /J1£ 
NUCLEAR SAFE"TY RELATED 

NOTES: 
1. FOR LEGEND,GENERALNOTES &REFERENCE 

DRAWINGS SEE RB-84A 
2.PROVISIONS FOR FUTURE B ACKFIT OF TORNADO 

DAMPERS TO BE PROVIDED. 3 
DE�;rJ�

N
&1�AB�<f€fr�g�

N
l�

E
A�'J��t2��E

5
e, 

INSTALLATION IN ACCORDANCE WITH 
4 D RICATION ANb INSTALLATION IN 

ACCOROAN:E WITH 2 B VS-935 

�����11J�J;liEij=ciU'Q�SN'E�IGHT(:QNjPA'N'Y=r.V�ENT�&�AJl�R�C�OF.NQD�S�E�C�P�LANTr=:�S�!:lB=j� 
BEAVER VALL EY POWER STATION UNITN02 6i5 1--���� ...... � ...... ����������......l -ii.i AA No. 10080-R B-84M. Ji 

N0.12241-R B-84H-14 
·-



No. 10080-RB-84J 

--::0 -

SEE NOTE 2 

.-=12 -

I 
�:1-.-11--1 

I 

EXHAUST AIR SCRND O PNG 
14000 CFM (MAX) 

*A002048 

300 CFM (MIN ) 

I ---:11--.•+-1 
I 

SUPPLY AIR SCRNOOPNG 
1:\000 CFM (MAX) 

300C FM (MIN) 

CONCRETE DUCT 

JfCMP204 

CABLE TUNNEL 
A UX BLDG 

CABLE TUNNEL CONT. BLOG. 
a 112'·6" EL 712'·6-

1 0ci CFM 
-

(-SJ � "iit � (-0) 'tfY 

FC 

SEE NOTE 2 

CAPPED 
CONNECTION 

209S·l25(CL 121) 
SEE NOTE 4 

TO CHLLED 
WATER SYS 

II 

INSTRUMENTATION & RELAY ROOM 

1625 CFM CONTROL BLDG. 
El 707L511 

1625 CFM 

1625 CFM 

1625 CFM 

::lt0t.JFIF241 

950 
CFM •CM'F2•o 

MCC RM •• 
CONTROL BLDG 

EL.707!-611 

475 l CFM 
1 475 

CFM 

� � 

12 

"'FN265B(-P) 
13.000 CFM 

• FN 256 A (-0) 
13,000 CF M 

M ECHANICAL ROOM- AUXILI ARY BLDG EL 773'-6" 

} 360 
CFM 

f 360 
CFM 

JroMPF239 � IIDMP F 2 3 7  � 
*™PF238 � � •CM'F236 •• •• 

180 180 180 f 180 
CFM CFM CFM CFM 

CABLE SPRE A DI NG AREA 
CONTROL BLDG 

JEOMP F 243 •• it OtvPF 242 ROOM 

EL7251-e• 

CONTRO L BUILDING AIR CONDIT IONING SYSTEM 
ALL ITEM MARK NUMBER S SH ALL INCLUDE P REFIX 2H VC EXA MPLE: 2HVC•AOD 204A 

CATEGORY I .CL ASS SM 

FINALIZED FLUID SYSTEM 

TH! INfOllNATIOH ON THIS DRAWING MAY NOT B£ 

COPllO Oft llSl:D fOfl OTHER THAN TH[ COHSTll'UCTION, 
MAIPfT[NAHC[ OR RlPIJR \JI THC PLANT f�LITY 
OESCflJ8(0 IN TH£ TITl.E ILOClt. 

DUQUESNE LIGHT COMPANY 
l:NCllNIEEftlNO a 

I 

NOTES: 
1. FOR GENERAL NOTES, LE GENO &REFERENCE 

DR AWINGS REFER TO RB-84A 

2.DUCT FAB RICATION IN ACCORDANCE WITH 
2BVS-935 3..& C02 .ACTUATED 
• HALON ACTUATED 

4. DRAIN LINE SHALL HAVE A MINIMUM 2�TRAP 
SE AL. LI NE SHALL BE SLOPED 1.4i• PER FOOT 
DOWNST�EAM OF THE TRAP. 

NUCLEAR SAFElY RELATED 

FLOW DIAGRAM 
VENT.&AIR COND.-SEC.PLA 



_,. 

No.10080 -RB-85C 

-::O -

-:: 
--: 1 

-:2 

-:3 

-=� 
3000 CFM 

-:5 FROM FUEL 
BLDG EXH 
SYSTEM 

-

-:.7 

-:e 

-:9 - ' 

-:10 

-:11 

. -=12-
o�f 

@ 
�<i 
© 

2 HVP-DMP 249 

(C-1) 
RB-85E 
30950CFM 

FROM 
AUXILIARY 

BLDG 

FROM AUXILIARY BL.DG 
EXHAUST SYSTEM 

(A-5) 
RB-85F 
FROM RADIATION 
MONllOR 

7500 CFM 

•M0�02A(-0)� SEE NOTE 4 Iii 

fl�� Nftlf/"4D •MJIAL 
�ldtJOll� .A"�ll$ 

F I L T E R  HOUSE 
ASSEM BLY No. 1 

;.MOD 

II 

\i�t�;;'rt;-1 4 

2 FE-WS-3 

B-3 
RB-91G 

LEAK COLLE CTION SYSTEM 

PURGE EXHAUST SYSTEM 

LEAK COLLECTION 
NORMAL EXHAUST 
LEAK COLLECTION 
FILT ER SYSTEM 

A U X IL I A R Y  BUILDING SUPPLEM ENTARY LEA K CO L L EC T ION S YS T EM 

ALL ITEM MARK NUMBERS INCL.LID£ PREFIX 2HVS=EXAMPLE 2HVS•M00210,,c,(-O) 
(EXCEPT WHERE NOTED) 

CATEGORY?. CLASS SXH-LL 

12 

-FN 2638 

PRIM AUX 
BLDG ROOF 

29000 CFM (EAC.H) -

<IDUO CFM (MAX) II Z.�O CFM(NORMAL) 

i i 11 i 

L-5 
RB-84H 
750 CFM 
FROM THE GLAND STEAM 
EXHAUST SYSTEM 

LEAK COLLECT ION NORM EXH FANS (A-2) 

* F N 204 8(-P) 
34000 CFM 

07000CFM(BOTH FANS) 
34000CFM(ONE FAN) 
TO ELEVATED RELEASE 
REACTOR CONTAINMENT 

L E A K  COL LEC T ION FILTER E X H  FANS 

TO 
LOCAL 

DRAIN 

LEAK COLLECTION 
NORMAL EXH 

PURGE EXHAUST 
SYSTEM 

NOTE-7 I NOTE-4 

PRESSURE RELIEF 
AIR DUCT 

-FE 
23 

A-5 
RB-8 5 0  

ID!eOCFM (NORMAL) 

FROM CONTIGUOUS 
NOTE NO. 4

1 
NOTE NO.J AREA LEAK COLLECTION 

SYSTEM 

I
' /2-GWS-OC8-213�

-B) 
,-���-11�L����.,._��--i)�RM�-Q�5�BC::=> 

1000 CFM 
TO GASEOUS 
WASTE SYSTEM 

(A-4) 
t-���� .... t-���--����� ... �����2HVR-l_� ... ��(B'.R�B-�8�5�D�:3: FE22 ,. 

:I ... u 0 :il· .... 

NOTES: 

29000 CFM(MAXJ 
7 000 CFM(MINJ 

FROM REACTOR CGNTMT 
PURGE EXHAUST SYS 

1. FOR GENERAL NOTES. LEGEND ANO REFERENCES 
SEE RB-BSA 

2. F!LTER ASSEMBLIES AND MOISTURE SEPAAATORS 
BY AMERICAN AIR FILTER (2BVS-157) 

3 ADD HEAT TRACING AND INSULATION TO SAMPLE 
LINE SECTIONS EXPOSED TO OUTSIDE 
TEMPERATURE CONDITIONS ONLY. 

4, CAUTION "'OTOR ERATED DA .. PER "'AY DRIFT 
UPON LOSS OF POWER 

FINALIZED FLUID SYSTEM . 

·- . PORTIONS OF l1ilS llOClttENT ARE -•-. -
NUCLEAR SAFETY RELATE 

.. _ -
M ...... MN Gtll Ml ...... IMY "7f • 
::.::a�:..cm:=-..:� NRD1lt ·ailj. & z&;::::...m�··""':ti-�II n.mu ROC:X. _._._ 

DUQUESNE LIGHT COMPANY 
llHCllNllUINQ • CONSTRUCTION PrnAUllCIH. PA. 

c.o.-. .. 

& W DWG. NO. IZ2'1-IB-85C-19 
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No. 10080-RB-850 

(L-51 
RB-8 5 C 

57000 CFM (BOTH FANS) 
34000 CFM (ONE FAN) 
FROM LEAK COLLEC·TION 
F ILTER EXHAUST FAN 

(A-51 
RB-SSC 
0 CFM ID 

AUX BLDG. 
EXHAST SYS 

I L-7) 

RB·85C 
29000 CFM (MAX) 

7500 CFM (MIN) TO AUX BLDG 
EXHAUST SYS. 

(A-') 
RB-BSC 

JOOOCFM 
TO AUX BLDG 
EXHAUST SYS 

(I-Bl 
RB- 8 5  G 

27000 CFM FROM 
AUX BLDG AIRCOND SYS 

(L-8) 

£ ,;;��5,�FM(NORMAL} 

AUX BLDG EXHAUST SYS 
SUPPLEMENTARY LEAK 
COLLECTION SYSTEM 

O CF M  

MAIN STEAM VALVE AREA EXHAUST 
LEAK COLLECTION SYSTEtv' 

29COO CFM MAX 7500 CFM MIN 

PURGE EXHAUST SYSTEM 

30CXJ CFM CNORMAL 

FUEL SLOG EXHAUST 
LEAK COLLECTION SYSTEM 

27000CFM 

PURGE SUPPLY SYSTEM 

£10500' CFM (NORMAL) 

SAFEGUARDS. CABLE VAULT 
& CONTIGLOUSAREA LEAK 
COLLECTION SYSTEM 

A UXILIARY BL DG 

JOOOCFM 

--1Y----l---.. -'I 
F UEL BLDG 

(C-51 
R B - BSF 

lO RADI AT!ON 
M ONITOR 

2HV P*DMPF 201 

2HVS*'DMPF218 
RB-85F 

IC-5) 

FUEL BLDG. 

2HVRlfoDM'F254 

(A-5) 
RB-B5F 

FROM RADIATION 
MONITOR 

2 HVR - DMP 208 

2HVR-DMP204 

2-H R-008-3-2 

2 HVRJ!DMP206 ,IJUTTERFLY VALVE ) 

10 II 12 

57.000 CFf,I (BOTH FANS) 
34000 CF M CONE FAN) 
ELEVATED RELEASE 

2-HVR-008-8-4 I AOC .---.. -++---..-----... .--.... 1--.. ---io+---..--.. 
SC2 :��t���1· 

� ' \_515.CFM 

--·-.. � 

CONTIGUOUS 
AREA 

REAC TOR CONTAINMENT 
PURGE SYSTEM 

REACTOR CONTAINMENT 
&;:;;;:,) CFM (NORMAL) (LEAK COLLECTION SYSTEM) 

EQPT HATCH 

NORTH SAFEGUARDS ANNULUS 
EL741LQ'• 

SOUTH SAFEGUARDS ANNULUS 
EL 7411-0" 

SOUTH SAFEGUARDS ANNUWS 
EL 11e:e• 

VALVE 
IDENTIFICATION 

VOSOoO·C- 3/4' 2 

NOTES: 
1. F OR LEGEND.GENERAL NOTES & REFERENCE DWGS 

SEE R8- 85A 

2. 

3. F LEXIBLE CONN BY SHEET METAL CONTRACTOR. 
NO COMPANION FLANGE REQD ON PIPE END 

4. PIPE FABRICATION IN ACCORDANCE WITH 2BVS- 58 
SUPPORT. DESIGN & FABRICATION IN ACCORDANCE 
WITH 28VS-59. INSTALLATION IN ACCORDANCE 
WITH 2BVS-920 

5, DUCT FABRICATION AND INSTALLATION IN ACCOR­
DANCE WITH 2BVS-935 

6. AIR STRAIGH TENER (2HVR•FX301) SHALL BE PROCURED 
BY THE FIELD. IT SHALL BE FURNISHED FROM THE AIR 
MONITOR CORP-MOD NO. ASE-1055, STAINLESS STEEL, 
CATEGOR Y I, SEISMIC CATEGORY I 

2HVSllC"'1PF213B 
!IN FLOOR) 

2HVSJ{ClVPF20Al 
(IN F LOOR) 2HVSM CM"F230 (ABOVE FLOOR) 

CABLE VAULT & ROD CON T R O L  
AREA 

2H'5llDMPF215fl 
(IN FLOOR) 

2HVSJIDMPF215A 
(IN FLOOR) 

PORTIONS OF THIS OOC\J'IENT ARE 

NUCLEAR SA�TY RELATED 

So 

1 
FINALIZED FLUID SYSTEM 

"DC 8RltllATDI ONlllSDMWlllll IM1' flmr• C(llE) OI Ulm R1t OOtDI lJWI n. � llM'1DWa: m: R1PMt fl THE l'Ulfl' MCIUIY DEJamED 111 nm: mu aoca. 

u 
-4 �� 

BEAVER VALLEY POWER STATION UNIT N0-2 �q 
�:'=-="---IAA No. 1•-RB-850 1J 
&W DWG. N0.12241-18-850-14 'A�ijff)(I/_ 
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No.10080-RB -85F 

£ML NPT== 

l•FML; 2 NPT 

I �o l f��r
L 

I I LINE B 

� RB-
e

s
c f 

1so
•

;
J I Y 1-c:=:>-n_J __ _J �tJ...:

�
t.."-j

F
15

L

�
G

o
�

.!--�-��o
���B

t;
N
����DN:S::)

R
G REF 

___)- SCHED C TYPJ 
2HVS - ROl109A --

DETAIL z 

LINE B 

NOTE 3 

REFER TO DWG REF 
RADIATION MONITOR 
SCHEDULE(TYP) 

RM-61 PURGE 
---- ---, 

B I �RQI 

1" 1 21so• FLG 

LINE B 

VB 

LINE B 

VB 

"' 
"' .;, 
" 

"' "' 
"' 
0: 

I I 

DETAIL X 

I K }-j I 
L _ -\-'.-\'- -- - - __J � DRAINS f'n.1L NPT 

DETAIL Y 

2-CVS-001-310-3 

RM- BSA 
CK-Bl 

TO WC LEAKAGE 
MONITORING PIPING 
SYSTEM-------' 

VA 

DETAIL XX 

LINE A 

LINE A 

LJNE 
B 

3 a 9 10 11  12 

R A DIATION MONITO R SCHEDULE 

RN NO. DWG REF oEr ROI NO. RC NO. RC NO. VA1 VA VB 1.INE A LINE B LINE C PURGE LN NO. DWG REF 

2 RMO - RN 301 A , B RB -85H(C·6) Y 2 RMQ-ROl301 
2 RMR *RN 303A RB - 85J 0-1 ) XX 

301A 3018 VJO VS VB 
303A 3038 - V7 -

1· - 2-!AS-750-444 RM-618, RK-15 SERIES 

2 RMR *RN 303B RB-85JCl- 2 )  XX 2 RMRJIRQI 303(-P) - - - VB 1---'----'-:C:....---J--=-C:..:..-'-.:+·--1 f--+---+--+---+---+---+-+--+--1-----+-----lf---f---f---� 
2 RMR *RN 303C RB - BSJ Cl -3 l XX 
2 RMF * RN 301 RB - 85DCB-9) X 2 RMF - ROI 301 
2 RMP - RN 302 RB - 85EC-9 X 2 RMP - ROI 302 
2 RMP - RN 300 RB - 95E(A� X 2 RMP - ROI 300 
2 RMP - RN 304 RB - B5E(C-7 ) X 2 RMP - ROI 304 
2 RMP - RN 308 RB - 85ECB-5J X 2 RMP - RQI 308 
2 RMP - RN 310 RB - 85E(B-2 )  X 2 RMP - ROI 310 
2 RMJ - RN 301 RB - B5C(8'6) X 2 RMJ - ROI 301 
2 RMP * RN 306 RB - 85C(B-5) X 2 RMP - RQI 306 
2 RMP - RN 312 RB - 85CCB-5) X 2 RMP - ROI 312 

l-2_R _M_ R _lt_ R_ N_3 _01 _ _ _  -l-R_B _ - _85_D _CD_-6
) X 2 RMR - RQJ 301 

301A 3018 -

302A 3028 -
300A 3008 -
304A 3048 -
309A 3088 -
310A 3108 -
301A 301B -

306A 3068 -
312A 3128 -

V9 -
V10 V 1 1  
V12 V13 
V14 V15 
V16 V17 
V16 V19 
V20 V21 
V22 V23 
V24 V25 
V26 V27 

301A 3018 - V28 V29 

2-IA5·750·44 5 
2·1AS·750·460 
2·1AS�0·462 
2 • IAS 'l50 ·461 

2-IAS-750·463 
2-IAS-750·943 

- 2·1AS·750-464 

2 HVS - RN 101 A,B RB - 85C(L-2) '( 2 HVS-ROl 101 101A 1 01B V36 V32 V33 1n - 2·1AS·750-466 
2 RMO - RN 303 A,B RB-B5HCF-e) Y 2�MQ-RQJ 303 303A 3038 V42 V34 V35 - 2-IAS-750-467 

....... 2_H_ v_s_*_R_N_10_9 _A __ -l_R _B_ -_e_5_ c_<
L_-5_ll-Z-+ _2 _H_vs_-_R_o_1_ 1_0 _9A_ -l_1_09_ A-+----+--

-+--V3_7 -+_v_ 3_1-+-jb--+-l---+--- � 2- IAS-750-465 1--<---+---I �.s *RN 109C RB· 85C(L-5) Z 2 HVS *ROI 1098(-p) - - V39 - - �u - 2-!AS-750·147 
2 HVS *RN 1090 RB ·85 CCL-5) Z 2 HVS *ROI 109C(-P){ 1098 - V40 V41 - f 2- IAS-750- 148 l 109C l-1

-
09� 0-ll-- _-+-

-
_-l-

--l-- - -+-l--+- -'_'--12-tAS·7 � 0149 f--<---+---1 1----------+----+--+--------r 

NOTE; THE VALVES LISTED BELOW WERE PURCHASED BY THE POWER D IVISION & WILL BE INSTALLED BY INSTRUMENTATION 
VALVE MARK VALVE QUANTITY PURCHASE ORDER IDENTIFICATION NUMBER SIZE 

V7,B{J VBS015-Y-3 

1" 3 2BVS -e7 

v �s��·J��& �.W..i�fa ��., 24 VBS015-0-4 

1' 16 2BVS ·78 

V11,13,15,17,21,23, 25, ·vaso1�-D- 4 
27, 29,31,33,6 ,35,19 

3/4' 14 2 BV S  -7B 

V40,41, 39 VBS015-Y- 3 

NOTES: 
1,FOR GENERAL NOTES,LEGENO ANOREFERENCE DWGS 

SEE R B · BoA 
2 .  THE INLET SAMPLE TUBING (LINE A) SHALL HAVE 

SMOOTH IRANSlllONS, MINIMUM 50 8ENOS-;­
WITH THE CONTINUOUS DONNWARD SLOPE(FROM 
RN TO ROI} TO THE MAXIMUM EXTENT POSSIBLE 
TO MINIMIZ E PARTICULATE PLATEOUT, THE 
RETURN TUBING (LINE 8) SHALL BE CONFIGURED 
TO MINIMIZED PRESSURE DROP. 

3,ALL LINES ASSOCIATED WITH RADIATION 
MONITORS 2HVS * ROI 109BE-P)ANJ C(-P) HAVE A 
MINIMUM SLOPE OF AT LEAST 15•. 

3" 4 3 2 BVS·67 PamHl OF 1H1S DOC1HNr � 

NUCLEAR SAFETY RELATED 

FINALIZED FLUID SYSTEM .. !! u 
TIC IMFOMMTION OH ntl OIUWIJllQ MAr NOT • 
CON:D Diii USl:D F01t OTtC1' THAN TIC CCICITWUC1'IDfl MllNTtNANCt DR Ml'MI OF THI P'lMT F� OOCR1mo .,,. M mu aoac. 

-·------t-.:::;i---t .. ·-=-----�-... ....,. •. 
-..a.TMar....-n.-

�������;;b:.i�[)iUQIJ'ESiNE:LIGH-rc:m;1PAN'Y==r==:==:=:==.fi����'fVi"'"=..,.,,,.,..=j�w 
SH6 �� 

BEAVER VALLEY POWER STATION UNITN0.2 �� 
O.P.l.No. 1-
C.0.ND.lml AA No. fOOIO-RB-85F H 
& W DWG. N0.12Z41-RB-85F -11 
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No.10080-RB-85G 
A 

4200 CFM r ------1r----- I 
SCRND OPNG I 

�: 
SCRNO OPNG I 

2-HVH-003-107-4 
E-2) 

RB-B1C 

2-H VH·OOJ.578-4 
E-2) RB-etc 

2-CDS-003-35-4 
(I-2) 
RB-B3B 

2-HVH-003-585-4 
CI-2) 

TO HOT WATER <=BR�B-�e!):1£c=�.L---7� SYSTEM (TYP) 
TO CHILLED WATER 
SYSTEM<TYP) 

FROM CHILLED WATER 
SYSTEM <TYP) 

2-0ss-1t.; -004.4 
(SEE NOTE 9) 

-DMP226 A@ 

500 cr;;r-

lo 
I 

I 

R 
550 1 ... ���������..-���--i�1 

: POST ACCIDENT SAMPLING SYS f : G : 
1 CUBICLE AIR CONDITIONING 450 CFM I � I 
I SYSTEM. CA TEGORYm FROM AUX I PASS I 
LC_I::�� 1:_ ___________ B_l:05' __ ,L _ <::'�C�� 

48000 CFM (NORMAL ) 

OA LVR SCRND OPNG I 
I 
I � 

EXH SCRND OPNG 

II 

2-095-001 (SEE NOTE 8) 
REF ( RB-40A) I 14750CFM NORM 

EXH TO 
FILTRATION SYS 

2-HVH -002-326-4 
(D-2) 

RB-81C 

-TS 
24A 

TORAIN 

2 -DBS- 150-005--4 
VJ FLOOR DRAIN f (REF. R8-40A) 

I R8-S5C I (C-5) 

I 
I 
I 
I 
I 
L 

6 900CFM 

21300CFM 

- 27000CFM 

28200CFM 

1 1  

p 
L 
E 
N u 
M 

@ 

2HVJ·DMP21 

-r»-F201 

-M0029 

-MOD2S 

12 

*DMP230A 

� 
•FN 2e4A -0 

13000CFM 

*DMP2308 

a:i>Z 
*FN 264 B (-Pl 

13000CFM 

NOTE 13 NOTE 13 
*MOD 21 BC-Pl *"'°D21A(-0) 

280CFM 
�i.-----.. 

FROM POST ACCIDENT 
SAMPLING SYSTEM 
CUBICL E 
SEE NOTE 12 

-tDMP229A 

NO 

iWMP2298 

N O  

*DMP 
234 

3100CFM 
I I 
CHARGING PUMP CUBICLES 

( AUX BLDG El735'-6") 
SEE NOTE12 

"fDMPF ifDf\l!PF 
2 8 

a:}:i u 0: 
� � "' 

COMPONENT COOLING PUMPS 
GENERAL AREA CALIX BLOG) 

(EL735L.6") 
SEE NOTE 12 

EME RGENCY EXH AUST VENT SYSTEM FOR CH ARGING 
PUMPS & COMPONENT COOLING PUMPS 
ALL ITEM MARK NUMBERS SHALL INCLUDE PREFIX 2HVP:EXAMPLE 2HYP*MOD21A 

_QTEQ.Q.!D' �A�_SXH_:hb_ __ __(�EPL.!Yt!ERE NOTliQ.L 

YoRA1N 

cc-e 
RB-650 

27000CFM 

CE-1) 
R-B-B5E 

TO :AUX BLDG 

TO RE.ACTOR CONTAINMENT 
PURGE SUPPLY 

(A-1) 
RB-65E TO AUX BLDG 

FOR DAMPERS SEE RB-44A,RB-67F,RB-67A,RB -67E 

89QQCFM , 
TO WASTE HDLG BLDG 

NOTES: CONT'D 
6 .  PIPE FABRICATION AND INSTALLATION JN 

ACCORDANCE W I T H  2 BVS-920 

7 .  DUCT FABRICATION ANO INSTALLATION IN 
ACCORDANCE WITH 2BVS -935 

8. 2"MINIMUM TRAP SEAL SHALL BE INSTALLED 
IN DRAIN LINE, PIPING DOWNSTREAM OF TRAP 
SHA L L  SLOPE 1/4"PER FOOT. SEE 2BVS-91 0. 

S. � 1{)';�/�l�I��. ����G55����fkf:tiE 6N
F
Sf1b.'1° 

SHALL SLOPE 1/4" PER F OO T.SEE 2 BVS-910 
1Q FLOWS SHOWN (1925 CFM) ARE FOR NORMAL 

MOOE OF OPERATION. FLOWS MAYBE 
SUBSTANTIALLY HIGHER DURING EMERGENCY 
EXHAUST MODE OF OPERATION. 

11. FLOW SHOWN (9150 C F M )  IS FOR NORMAL 
MODE OF OPERATION. FLOW MAYBE LOWER 
DURING EMERGENCY EXHA UST MODE OF 
OPERATION BUT NOT LESS THAN 8390 CFM. 

14. RETIRED IH Pl.ACE. 

PIRTXHI OF lHIS DOCll£NT /IRE. 
NUCLEAR SAFETY RELATED 

12. FLCWS SHOWN ARE FOR NORMAL CfERATION CF 9.JPPLEMENTAL LEAK Ca.LECTION SYSTEM. FLONS 1MLL CHANGE OORING OFER.llil"ION OF 
EMERGENCY EXHAUST FANS. 

NOTES: 13.�S�OJf�:f��TED OAMPERMAY DRIF� 
1. FOR GENERAL NOTES.LEGEND AND REFERENCE DWGS 

SEE RB-SSA 
2. LOCAL TAP CONNECTIONS(IT H )FOR PORTABLE 

RADIATION MONITORING 
3. DUCT PENETRATION WITH BLANK CFF PLATE FOR F U TURE 

NOZZLE BACK-FIT 
4. PREHEAT COILS B Y  WING CO C2BVS- 154) 
5. FILTER ASSEMBLIES BY Ml NE SA FETY APPLIANCE 

( 2 BVS-1 7 8) 
CONT'D ABOVE 

AU XILIARY BUILDING AIR CO NDI TIONIN G S Y STEM FINALIZED FLUID SYSTEM 
TH£ INFOltMAT/Of't OH THIS DRAWING MAf NOT 8[ 

COPl[O � USED FOR OTHEA TKAAI TH[ �IT"UCTfOtj• 
MAINTENANCE OR REPIJA Of TH[ P\N'IT FACILITY 

OUCAll[O tN TH! Tlnl IH.DCK. 

FLOW DIAGRAM DUQUESNE LIGHT COMPANY 
CON9T .. UCTION A R COND&VENT. PRI P ANT 

BE AVER VALLEY POWER STATION UNIT"2 

AA No. 10010-RB-85 G 
0, ,, IE. ND. IClm 
C.O. NO. 1291 

S&W DWG. N0.12241-RB-85G-14 

So 



No. 10080-RB-85K 

':llllJMPF 230 A °"'1 m. 
WMPF 230 9 � 

ASP 
C UBICLE � EL 755c5• ll!DMPF2080 

� llfOMPF20BA4 

-::0 -

-=1 

-:s._. ____ _ 

-=a 

-:io 

-:n 

--=12 -

lll0MPF253 

1.350 tFM 

CABLE TUNNEL-AUX BLDG 
EL. 755·-s· 

1250 � 
*DMPF 2100 

RELAY RM 
EL 755'-5" 

CFM ! 3
50 

CABLE T UNNEL - AUX BLDG 

EL 735'-6" 

1 500 

t
CFM 

2005150 
CL 121 

SEE NOTE 2 ID 
LOCAL L:>NF 

----'1r--
4700 C F M  

[1eoo 
.

CFM 

-ACU220 

• 

l!IDMP2 3 4  

lsoo rM 
11100 
r

FM 

"" �I ll!OMPF2060 '.J 
iltOMPF206AA ""'1 
•oMPF2024 

CABLE VAULT & ROD CONTROL AREA(WEST) 

EL 735'.5' 

15000 CFM TO 
CONTIGUOUS AREA 

"" f, •oM�F25B0 '.J 
"" 1, iltOMPF25BA "J 

RB-B5B 
( H-7) 

1 1  

Jl!DMP235 

li<DMP239 

12 

�� YY imJ l-'---------------.. -----------------1 7100 
� 

lltDMPF205AA 

li<DMPF205B 

CABLE VAULT &. ROD CONTROL AREA 
EL 755�6' 

•DMPF201AA *DMPF201B 

� .......................... -1� ��----------� ........................... �;z � 

� *DMPF257B 

RB-658 
(H-9) 

\*DMPF261A 
llc'DMPF209e�.,..,,-.,,+-,--....,.,..--.:';u:M'2B3 . A ""�"" �/ (3'4!i<li� 

.-'""!'-·----4 � "1 � 
550 

� 
•DMPF209A 

1700 rFM 

lllDMPF261B4 
3900 

CABLE VAULT & ROD CONTROL AREA(EAST) 
EL 735°-6' 

-ct;-

i10MPF262B4 
•oMPF262A 

15000 CFM FROM 
CONT IGUOUS AREA 

CABLE VAULT & ROD CONTROL AREA SUPPLY & RECIRCULATION S YSTEM 
ALL ITEM MARK NUMBERS SHALL INCLUDE PREFIX 2HVR;EXAMPLE: 2HVR;ll0MPF257 8 

T 
NOTES: 

1. FOR L EGE NO, GENERAL NOTES AND REFERENCE 
DRAWINGS SEE RB�85A. 

2. A 2' MINIMUM TRAP SEAL SHALL BE INSTALLED IN 
�= ��gPEP�� ,1w�Jii1°R�.oF TRAP 

PORTOOS OF THIS DClCU-1ENT ARE 
NUCLEAR SAFETY RELATED 

FINALIZED FLUID SYSTEM 

fH[ JHFOIUAATl()lrlj ON THIS DRAWING MAT NOT Bl 
COPIED OR USCD FOR OTHCA THAH TH[ COHSJMICTlON, 
M.\INT[ru.NC[ OR A[PAIA Of TH[ P\.AHT fAO\.ITY 
DUCAIBED IN THE TITLE BLOCK, ..,.,.,.,., .V,.¢;<f•iµ4...?<,I. 

c.o. Mo. 82111 

S&W DWG. 

JllllllRlllD ..,, • .._,,, UIQIMUll ICl. l,fH.1°'4 
�-.TMarl'DlfrSTI.•""'.._ 
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No.10080-RB-136 B 

RB·84C 
CH-7) 

2-0BS-002 CCL-152) 

/PORTABLE 
�
IRE HOSE CONNECTIONCTYP) 

�-,·-,;,�r-e'='='�=....--::v" 2HVC ll FL TA 253A 

R B -84C 
(J-7) 

2-0BS-002 CC�152) 

/
2HVC•FLTA2528 

2-SWS-500-515-3CA·) 
2-SWS-500-516-3(8·) 

12 

2HVS•FLTA208A 
2HVS *FLTA207A 

2'085-002 

RB-B!>C 
CH- 4) 

2FE-WS-JA 

FILTER HOUSE ASSEMBLY NQ 1 

2FE-WS -3C 
RB-91G 

(B-3) 

\lllVE IDENTIFICATION MARK 
NUMBER 

V46(SEE NCTE'°'2) VGS0 60-V-4 
V52,58(SEE NOTE'°'2) VGS060-V-4 

PIPE PJANTITY SIZE 
2' 1 
'l-4 2 

PRE SSURIZATION AIR FILTRATION SYSTEM 
CONTROL ROOM B UILDING 

L
:i-oes-003 ccL-1s2> 

RB·84H 
(H- 2) 

I 

RB-84 H  
(K-2) 

-------,F�-�-----,-- -, STEAM EXHAUST SYSTEM 
RB- 91A 

2HV0-FLTA228 I L ________
______ �RVICE�UILDING 

---- --

RB-BSA 
(C-8) 

EXHAUST FILTRATION SYSTEM 

1 I I I I _ DECON BLDG SUMP DECON BLDG 
:12 -:::._ __ --

-- -- -- -- -- --
-- -- �GA_:_CA�T-Y _ _j 

RM·101A 

RB-85C 
CH-6) 

2-DBS-002 

RB-85C 
CH-B) 

RB-85A 
CE-2) 

I 
I I I I I I I I I I 

MAKE UP WATER L��T-0
�
_0

"

0
·
£.
1_
-;
..\
,.;
�
;:
4
-:;7;-l -/�-+-l-+-11--1--J-+-l--l-+-l-+-h 

DRAIN ON F"LOOR - ' _,,,.-' 
TO SUMPCTYPJ

� 
2F"E-WS·3F" 

RB-85� 
CE- 2l 

IODINE FILTRATION SYSTEM 
CONTAINMEN T  B L D G  

F- 2 :_fil_F"ILTER BANK-a 

MOIST U R E  SEPARATOR 
ASSEMBLY NOS 1 .. 2 

V46 

2-DBS-002CC"°152J SEAL TANK 2 DBS-TK 21 
80 GAL CAPACITY 

TO OVERFLOW 

EXH A U ST ANO LEAK COLLEC TION 
FILTRATION SYSTEM 

AUXILIARY BL DG 

FILTER HOUSE ASSEMBLY N0.2 

RB-91G 

2HVSlfFLTA206B 

FILTER HOUSE ASSEMBLY NO 3 

2FE- WS-30 

FILTER HOUSE ASSEMBLY N0.4 

TO F"L<XlR DRAINAGE 

NOTES: 
1. FOR NOTES,LEGEl<l,1.REFEREl'CE OWGS 5E£ RB·o&t. 
2. THE FOLLOWING SUBSTITUTIONS ARE ACCEPTABLE: 

VGS060-V-4 FOR VGS015-A-4 

�TIONS OF lMlS DOCU'1ENT A1£ 
NUCLEAR SAFETY RELATED 

FINALIZED FLUID SYSTEM 

,.. ldatlMTIClll QN 1'tll --- llAf "" • COND GI URO POii GnO l1WI 119: CllNTlliC'IDI. IUlmJWa GI illl1IUI Of M llUllT l'M:IJt'I anatimD " nc mu aGCllL 

HARC�L FILTRATION DRAINAGE SYSTEM 
BEAVER VALLEY POWER STATION UNIT NO 

�-=--=--iAA No. IOOIHB-1368 
•w DWG. NO. fJUMB-1369-q 

l 

\I 
\/ 



@ 
-::0 -

� 1  

2-MSS-150-14 3-2(A-) 
2-MSS-032- 35-2(.A-) 

FLO# RESTt����,��;:l # 
���� FEEDWATER 

SYSTEM �tRO 101A(A-J 

STEAM GENERAlOR 
2RCS>liSG21A(A-) 

STEAM GENERATOR 
2RCSXSG21BCB-l 

v 
�V92CB-) 

CB-4 l 

INSIDE 
CONTAINMENT 

STEAM GENERATOR 
2RCSllSG21C(C-) C T Y Pl 

WCATE TEE AS CLOSE AS 
POSSIBt...E TO VALv'E OUTLET. 
io"x 10·x 10· TEE FOR HCV 104. 
1(fx 10'X 4" RED. TEE FOR 
PC V 101 A. B  &. C . -----i 

2sv��t:ro���g,t 
fNPS 

0 

2 3 

DETAIL A 

4 
• 

E DRAWINGS: 

9 10 11 

INS SECONDARY PLANT RM-58A 
ND ST EAM SEAL PIPING RM- 60A 
ANO AIR REMOVAL RM- 43A 

SAMPLE Pf PING SECONDARY RM-99C 
FEEDWATER PIPING RM- 45.A 
MAIN STEAM PIPING SH.2 RM-418 
NOTE: INFORfv1ATlON FORMERLY SHONN ON 

DRAWING RM-41AVO-'O & NOT IN­
CLUDED ON Tl-/15 ISSUE HAS BEEN 
IN CWOED ON DNG . RM-41B -1. 

2-SVS-750-160·2(C-l 
l<V903CC-l 
� TCN 

P!RTDIS OF THIS DOCl.t1ENT ARE . . ' 
NUCLEAR SAFETY RELATED 

12 

"' "' 
Q Q 
..J ..J "' "' 

"' "' 
II z 
> Cii 
0: 0: "' ;:'! "' 

2·MSS-032
t

4
i 

2-MSS-002-138 -4 

RM-418 
(A·5) 

NOTE25&26 •aMSS-003-188-3(2-

CASLE 

T�:��D 

225 , 
6" ,. 

4 

f 39 

3" .. 

OTES: 
1. # INOCATES FURNISHED BYW£ST1NGHOUSE. 
2. THE cornROL EQUIPMENT MARK NUMBERS 

SHALL lNCWDE A PREFIX CONSISTING OF'2" 
ANO THE SYSTEM CODE PRE AX FOR THE 
ASSOCIATED EQUIPMCJ'llT OR PIPE LINE 
UNLESS NOTED. EX.6MPLE: 2MSS- PT108 

J, ALL INSTRUMENTS Af\ID CONTROL ECUIPf\.ENT 
ON THIS SHEET IN THE "MSS" SYSTEM 
UNLESS O THERWISE NOTED. 

4. ��tts�
E

��li
E

N���Efil�
O

J��f�� f 
5. ALL S'f'Tv1BOLS SHOWN ON THIS FLOW 

D IAGRAM ARE IN ACCORDANCE WITH 
S & W STO-MM-1000-1 THRU ? 

6. * DENOTES SAFETY ·RELATED ITEMS 

7. THIS SYSTEM WILL BE MAINTAINED TO A 
CLE.AN NESS LEVEL -c" IN ACCOROA.NCE 
WITH 2BVM-62. 

B. METHOD OF CLOSURE FOR LOCAL VENTS, 
TEST CONNE'CTJONS ANO a 

AL CLEN-llNG CONNECTI CNS 
AS SHOWN . REFER TO 

R ADDITIONAL CETAILS. 
9. THE FF LINES SHALL BE ASME SA106 

10. 

GR C,30 IN. MIN ID; 1,87!51 IN. MIN WALL 

2 2 
2 - ). 

C OIM.j 
69·2CA-l, 
��:��=r. 

11. 9 INDICATES FURNISHED BY FISHER 
CONTR OLS. 

12. ¢ INDICATES FURNISHED BY TERRY 
TURBINE, 

13. 3� DIA. SCH.160 TRANSITION Pl� SEE 
PIPING DRAWING 12241·RP.2F FOR CETAllS, 

, ... 
15. o(.INDICATES FURNISHED BY MASONE!LAN 
16. VALVES V114,153,154 10 BE SET IN A 

�lk��fi\1..i-?6� "ff�� fr.'b"�'f<Eo So 
IN THAT POSITION. 

17. 
18 3•.gooLaR.F. FLANGE FITTED 'TO 

Cl.:601 PIPE. 
19 "Tl-£ '10" Uf\ES DOWNSTREAM OF MAIN 

STEM, SAFETY VALVES 2MSS*SV101A,B. 
C THRU � A,8,C SHALL BE ASTM /\106 
GrC MATERIAL. 

2Q T1£ Lll£S COWN!> TREAM OF 2MSSl!SV101A. 
B,C THRV 105 A B,C WILL BE MAINTAINED 10 A CLEANf\ESS LEVEL "D" IN E WITH 26\IM-02. 

MSS-003"50·3 CONTAINS A SCH ED 
PIECE. SEE PCPCNG DRAWING FOR 

22. BEASME IN.MIN WALL 
PREPARATI 
C OIMENSCN' 

·032·35·2{A·) 32·39-2 B- I 032·43·2(C·). 
23. ASME m Q.·3 EN NON· 

�-�Es:l1�� EQUIPMENT AAD ASME ID 
a4 • DENOTES DISSIMILAR METAL WELD· 
2!!1. THE FOUDWING LINES SHAl.L BE DESIGNED, 

FABRICATEOihNSTAl.liO ANO INSPECTED 
��-138'.'.i������· -
2-MSS-002-142-4. 

NOTES CON T.CJ-1) 

• 



No.10080-RM·45A 

INSIDE MAIN STEAM SERVICE BLDG 

.•. , . , . • . , I I I,. ,., , . . • . , . , . .  ,.,., . . , . , . , . . ,., . , . 

SERVICE BLDG TURBINE 8 DG 
CONT WALL VALVE AREA 

i-:O -
: : : -

!�1 
i : 
!� : . 
: -: H3-
, 

! ...: 

!-� . .s 
l :: 

:-! : 
:�� , _ 
H,-
1--: 
H10 
� ...: 

(NOTE 6) 
(TYP) 

DETAIL B 
.FOR f'J,.li!!;·7�-P21A & B 

THERMAL SLEEVE CTYP):.fl:. 

2RCS•SG21 A(A·) 
2·FWE·004·126·2(A-l 

DETAIL A 
(D-Z) . 

CTYP OF ea<NET 

���� 

03-0EC-2003 14:37 m:\u2\rm0450o0.29o 

6Y SWEC 

DETAIL C<H-n M010R WBE OIL SYSTEM 
FOR 2FWS-P21A 

BY;fi- 6YSWEX: 

DETAIL D!J-n 
MOTOR LUBE OIL SYSTEM 

FOR 2FWS-P21B 

Z·FWS·028·9· 4 

L 
MARK 

I ST POINT FEEDWATER HEATER VALVE IDENTIFICATION NUMBER �l�f QUANT I Ti 

2 FWS· H21 A 

,_... 
NONE 

Vl,3 VCW090·AK4 20· 2 

y�� .. :�:�::�:=:�:: .. � 
90,101.102,103,104.105, 

VOSl50· F·4 f 42 

107.108,121.122.123,124. 
125.126. 127.129,130,274. 
344.345,346,91, 131, 
�902,905 

v 180,182,183,185,187,189, 
191, 193, . 197 .. 199,201, 

r.'O&ISO-G·4 2· 21 
258,260.262,264,288, 
325,904, 347,348,349 

Vl98,200,202 VSSl50·8·2 2· J 
v 93,94,95,96.97.98, VSSl50-B·2 1· 22 

113,114,115,116,117, 
i��·.\��:1�g:/�1

1
!ri·

13
S. 

V914,91!!,91S,917;91S,919 ivos150-FX-4 +· e 
V�5,306,307 VCW060-A·2 16" 3 
V64,68,343 VOS"O-G·4 r 3 
V89,72, 73,78 G\ll090ilY-'i 8" 4 
Vl5,22,29 VGW"°""" ... � 
V2 12· I 
V5,6,7,8 lvGW090W4 20' 4 
Vl74, 315,316 VC6150·A·4 f 3 
V317 CW09C>AK4 16" I 
V319 '-'W090 GL,4 10· I 
V299,300,318.V927 VOSl50·F-4 2' 4 
V.173, 313.322 VOSIB0-6·4 .J.. 3 2 
VII ,18,Z5 ivGW090·8\14 16' 3 
V l 95,196 lvGW090� 16" 2 
V903,90I VGS060•B-4 2' 2 
V922,923 M-u.-on.AZ-4 14' 2 
\'924, 925. 926 M;wooo-4 14' J 
V111,Vf12 �1�BX-2 1" 2 

NOTES 
I. �2a£c,JHOWN AB EQUIPMENT CONN INDICATES MFR. 

2. # INDICATES FURNISHED B'f EQUIP MFR, WESTINGHOUSE. 
3. @INDICATES FURNISHED B'f EQUIP MFR, WALWORTH. 1 

4. e INDICATES FURNISHED BYEQUIPMFR,BINGHAM • 
WILLIAMETTE. 

9. THE CONTROL EQUIPMENT MARK NUMBERS SHALL 
INCLUDE A PREFIX WHICH IS IDENTICAL TO THE S'ISTEM 
CODE PREFIX FOR THE A850ClirrED EQUIPMENT OR 
Pl PE LINE UNLESS OTHERWISE NOTm EXAMPLE• 
2 FWS-MOYl52; 

Q. ALL INSTRUMENTATION SHOWN ON THE 6fM GENERATORS 
ARE IN THE FWS SYSTEM. 

7. 12241•1 ll 18 19 STM Fl.CW TRANSMITTER 
WITH l.EVEL 
S FOUOWS• •i FT474 b FT484 c R SltSGZIC,2 LT497, 2MSSllFT494 

�i�l!.j������6f�c�A�w.t'�N�MA_\1 CLEANNESS 

MOV150AJ90D,192 AV7,V8 SHAU BE INSTALLED WITH 
WEDGE V•NT HOLE ON DOWNSTREAM SIDE, I.E. VALVE 
ro

D
1c�h�rn.w�ii;

1
��c�rlrN� 

WIU POINT OPPOSITE � r 

10. METHOD OF CLOSURE FOR LOCAL VENTS,DRAINS, TEST 
& CHEMICAL C ING CONNECT! 

1' tniO,l1N*JfR 
FITTINGS FOR T 

\i ! 0Li:�� A DISSIM�(�ff'�+lFt1�£LD 14. ,,. INDICATES FURNISHED BY ECIPT MF� BORG-WARNER 1� FL.ON GLASSES SHALL BE DOVER CCRP/OPW DIVISION .. � PW VISl-FLO INDICATORS,, MODEL lt1470F; FLANGED� L, PJROIASEO SY FIEl.D 
16.. S SHALL BE INSTALLED IN FLANGES -

E BEARINGS TO PREVB:NT G ROUNDING 
17. LINES SHALL BE SLOPED APPROX 

�PER FOOT(WITH A MIN SLOPE OF�'" PER FOOT) TO 
P UMP MANUFACTIJRER SUPPLIED LINES 

18. A M1N1MUM OF 16"'1NOiES UPSTREilM & 4•1NCHES DOWN 
STREAM OF EACH OlllFICE IS REDUIRED, FOR A 10TA!. COM!ffl> l.ENGIH OF STRAIG>IT PIPE OF APf'ACl<ll;IAm.Y 
�INCHES. 

ltt. FUNCTIONAL LOCATIONS reE21A1X T1ffJ NBE21AGX,. PLUS NBE21A7 

20.FtH:TICNAL LOCATIONS NBE21A1Y TlftJ NBE21A6Ya 

21. FIN:TIOIW. LOCATIONS NBE21Btx TlflU NBE2196X, Pl.US Hll<2187 

Z2.AH:TIOIW. LOCATIONS NBE21SIY TlflU NBE21B6'1. 
REF' E DRAWINGS 

FEED PIPING 
·plPING 

STM RATOR SLOWDOWN PIPING 
AUXILIARY FEEDWATER PIPING 
CONDENSER PIPING 
FDW HEATER DRAIN PIPING 

f'tRl10NS OF 1HIS OOClt1ENT ARE 

NUCLEAR SAFETY RELATED 
FINALIZED FLUID SYSTEM TI. ft.,. e11 nm aw...•• ICI' • (DllllD Cir U11D g CITMDI TtN M CallnllUCfDC, llWITtNiUfCIECll'llNllOlftCPUlllfr.M:&ITT DOCllllD ... '"' Tml .... 

.... ....... -. 
... -650!W a.&CT' • ..... 
D£C<ED "'""'·AJIP· 
"'"""" IST'llUCr . ..... 
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5 

- �  

6 

7 

8 

9 

No 10080-RM-00458 

2·FWE·002·1�3-4 
53 

A 

FROM 
CHEMICAL FEED 

SYSTEl1 Ir-----., 
RH-68ACG·J) 

CHEMICAL FEED 
RH-6BAIG-ll 

3/4" 

TELL TALE DRAIN I-2-FWE-"91-�05·4 

TD 
EQUIP 
DRAIN 

2-sws-ees-15e-J1J-1 

FROM 
SERVICE WATER 

SYSTEM 
RH-478CH·7J 

A 
k1\u2\.RM·00459.0GN 

8 c 
Hit 6' 

140.BBB GAL 

PRIMARY PLANT 

OEHINERALIZEO 

WATER STORAGE TANK 

Tk'ZIBIZ-1 

I I I l' I 1 ' 1 ' 1  I I I I I I 
E 

2·FWE·003·17ll-3<A·l 

Nl2 1-o-----...c..-------
2-FWE-BB4-J72-JIS-J 

N13 l------..L.--------

F G 

--1 1------. 
CLl53 ICL151 

--1 1-----
CLJ53 ICL15J 

--1 1----. 
CLl53 ICL15J 

SAFEGU-:.� AREA I 1------1 1------1 f-

D 

RO 

I I I I I I 
10 11 

H 

2oFWE-ee6-4-3CB-I J�---�---11:1�r'-...... -'--'--2-F\IE---�� 

Cl<EHICAL FEED 
RM-68A 10-U 

, 
2-FWE-751!-138-JCS I . f----;.;;;:�-H:;h_ _ _J 

BEARING BRACKET DRAINS TO FLOOR IJRAJHS 
AUX STEAM OR FEED PUMP 

2-FWE-1!88·73-3CA-I FULL SIZE P TllRBINE DRIVEN 

2·FWE·BB1-�4B·" 

7!58 27611' TOH ND 14 

AUX STEAM GENERATOR FEEO PUMP 
HALF SIZE AUX FD PP MOTOR DRIVEN 

8EARJNCi BRACKET DRAINS 375 GPH a 2760' TOH 
TO FLOOR DRAINS NOTE 14 

I I 12 

2-FWE-8S4·115-J<B-J 

J K L 
NOTES1 
1. TEMPORARY STRAINER SCREEN ELEMENTS REMOVED PRIOR TO PLANT STARTUP. •y• TYPE STRAINER BOOlES ARE RETAINED IN THE PIPING SYSTEM. 

3. THE FOLLOWING SUBSTITUTIONS ARE ACCEPTABLE; 
VGSBJ5·A·4 FOR VGSB6B-V-4 VCSB15-X·4 FOR vcsese-G-4 

4. THIS SYSTEM SHALL BE MAINTAINED AT A CLEANNESS LEVEL "C' JN ACCORDANCE WITH 2BVM·62. 

6. 2FWE-FE10SA. 2FWE-FEl00B ANO 2FWE-FE100C REDU!RE 10 PIPE DIAMETERS UPSTREAM AND 
5 PIPE DIAMETERS DOWNSTREAM OF STRAIGHT LENCTH OF PIPE. 

7. METHOD OF CLOSl.RE FOR LOCAL VENTS. DRAINS. TEST CONNECTIONS ANO 
CHEMICAL CLEANING CONNECTIONS SHALL BE AS SHOWN. 
REFER TD 2BYH-211 FOR ADDITIONAL DETAILS. 

Cl. ' OENOTES A DISSIMILAR HETAL WELD. 

IB. FOR PUMP SUCTION ANO DISCHARGE FLANGES, �B0LB FLANGES WILL BE WELDED TO 
CL6Bl DISCHARGE PIPING MD TO CL151 SUCTION PIPING, 
FLANGES WILL 9£ PROVIDED BY S/W. 

II. SC·J PIPING ANO VALVES SHOll.D BE LOCATED WITHIN TANK INCl..OSURE. 
PIPING CONNECTION SHOULD BE AS LOW AS POSSIBLE. 

12, PIPELINE 2-F\IE 3 CONTA!NCSI A SCl<EDULE 160 SPOOL PlECECSI, PIPELINE 2-F\IE 3 CONTAJNtSJ A SCHEClJLE 128 SPOOL PJECECSJ, 
PIPELINE 2-FWE 3 CONTAJNCSI A SCHEClJLE 128 SPOOL PIECECSI, 
PIPELINE 2·FWE 3 COHTAINCSI A SCHEDULE 168 SPOOL PIECECSJ, 
SEE PIPING ORA R DETAILS. 

13. DRAIN VALVE 2FWE·366 WILL BE USED TO TAKE A LOCAL SAMPLE. 

14. MECHANICAL SEAL FLUSH PIPING IS FURNISHED WITH A THREADED PLUG FOR VENTING. 

15. 118 !NCI< DIAMETER HOLE IN CAP FOR TELLTALE DRAIN. 

D 2-FWE·5BB-51-2tC-J 
CL6B1 

OUALITY GROUP CLASSIFICATIONS ARE 
'INCORPORATED BY REFERENCE' INTO 

THE UFSAR. A CHANGE TO QUALITY 
GROUP CLASSIFICATIONS CONSTITUTES 

A CHIWGE TO THE UFSAR. 

PORTIONS OF THIS DIAGRAM ARE Nl.CLEAR SAFETY RELATED 

2 

4 

5 

6 

7 

8 

8 c 0 E 
THE SrfPS 

G H J K L � �:::::.=====------���------�---------�����������������������--����---�� ...... 
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No. 10080'-RM- 478 

r -
1 I 
I M 

i I I f I 
I 
I 

Tl 
HUB 

' if Fa 
§ � � z u � 

N>TESl:XlNTI 

A 

1B. Fl.A. L Fl.ON SAtaRS INSTAUEO ON IBIRCTIVE ORIFK:ES. 
19.2SW .. R0106A4.B. BOREDOIJT 10 FULi:. Fu:;tN SPACERS. 

2-SWS-02'4-62-3<1H 

l'al!Q 

'--- - -

FINALIZED FLUID SYSTEM 
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REFERENCE DRAWINGS• UNIT I INTAKE STRUCT\JRE ll700-IW·21C -
CIRCULATING /SERVICE WTR PIPING RM-479 

NOTS 
THE tONTROLEQUl'MEHT MAP.IC NUMBER SHALL 
INCLUDE A PREFIX llHICli IS ID£NTICAI. TO THE 
SYSTEll CODE PREFIX FOR THE ASSOCIATED 
EQUIPMENT OR PIPI UNE UNLESS OTHERWISE 
NOTED. E"'IMPLE: 2SWS•PI•I06. 

Z. LINE DESIGNATIONS SHOWN IN PARENTHESES 
AR� UNIT I ASSl6Nl:D NUMBERS. 

3. THIS SYSTEM SHALL BE)llAINTAINED TO A 
CLEANNESS LEVEL'D IN ACCORDANCE WITH 
2BVll·G2, 

4. �m�o:=: ��ogc���u, 
SHALL BE M SHOWN.REFER TO 2BVll-211 FOR 
ADDITIONAL DETAILS. 

5. t liENOTE6 A DISSINU..AR METAi. WELD. e. 2SWS-FIT100-PORTABLE ULTR�SC.NIC FLOW 
JNDICATINC3 TRANSMITTER TO BE:: USED FOR 
FLOW MEASUREMENT FOR ASME XI TESTING. 7. THE SERVICE WATER PUMP MOTORS ARE sc-3 NON ASMElllCOMPONENTS. 

e.' * DENOTES SAFETY RELATED ITEMS: 
<SEE NDTE el 9. ALL ASTERISKS <Jtl SHOULD BE DISREGARDED. REFER TO THE ASSET EQUPMENT UST <AE!.l AS THE OFFCIAL USTING OF ANY ASSETS Q/\OOEGORY. 
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9 to n 12 

TO 
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2-SWS-036-L44-41 T 2-sws-03e-1q5� T 

tA�s-a3a-iq7-4 
I. THE CONTROL EClUIP11ENT MARK NUMBERS SHALL 

-j I AUXILIARY BUILDING ���� too":'lfiiirxHl�R 
1�JE.:l;TJ&'tA!& TE'filiJP-

2' MENT OR PIPE LINE UNLESS OTHERWISE NOTED. 
1132 <. METHOD OF Ct.OSURE FOR LOCAL VENTS, DRAINS. 

0 �������TJ�L 
& 

B?'��l��W�Etm� TO 

DEMINERALIZEO WATER 
FOR FLUSHING 

DETECTORS 

(J-4)� (J-5)� 
Z-WT�<I \ 2-WT0-500-61-4 
OEMINERALIZEO WATER 

FOR FLUSHING 
DETECTORS 

A PIPE CLASS BREAK EXISTS AT THE 
MECHANICAL JOINTS BETWEEN CARBON STEEL PIPE 
FLANGES ANO THE STAINLESS STEEL VALVE. 

LINE NO CH ADDED 
2-sws-0e4-1q1-3 xxs 
2-SWS-003-453-3 160 

BEfFB£NCE DRAWINGS; 

2BVM-211 FOR ADDITION DETAILS. 
5. THIS SYSTEM TO BE MAINTAINED TO A Ct.EANNESS 

LEVEL 'O' IN ACCORDANCE WITH 2BVM-62. 
6. VALVE 2SWS-1B3 ANO/OR 2SWS-IB4 SHALL BE 

NORMALLY CLOSED TO PROVIDE TRAIN SEPARATION. 
7. 2SWS-MOY-!<BA AND 2SWS-MOV-14BB ARE SUPPLIED 

WITH 4·-s�m· R.F. FLANGES. 
8. EMER. OUTFALL SIBUCTURE SAMPLING CONN. TO 

PROVIDE FUTURE RETROFIT CAPABILITIES IF REC'D, 
q, FLANGES INSTALLED IN SERVICE WATER LINES 

AS SHOWN TO ALLOW FOR FUTURE SPOOL 
REMOVAL ANO INSTALLATION OF STRAINERS, 

10. FLEXIBLE HOSES 25WS-HOSE 21A&B AND 
22A&B SHALL BE PURCHASED IN ACCORDANCE 
WITH 2BV-756. 

11. EEL SPOOL PIECE IW/CARBON 
W/N FLANGES) CONFORMING TO ASHE 

OR SA-376 TP304, .375 WALL THK. 
UL TRASDNIC FLOW MEASUREMENT. 

2. LINE NUMBERISHSEE ABOVE J-q) CONTAINIS> 
A SCH ISEE ABOVE J-q) SPOOL PlECEIS). 
SEE PIPING ORAWINGIS> FOR DETAILS. 

3. RED RUBBER GASKETS MAY BE SUBSTITUTED FOR 
PHENOLIC GASKETS OF THE INSULATING KIT. 

15. 2SWS-165 ANO 33q ARE LOCKED CL D IF 
'C' CHARGING PUMP IS ALIGNED TO ' ' 
POWER AND 2SWS-162 AND 174 ARE D 
CLOSED IF 'C' CHARGING PUMP IS A 0 TO 
"PURPLE' POWER. 

16. t INDICATES DISSIMILAR METAL WELD. 

17. 2SWS-RD104A&B BORED DUT TO FULL FLOW 
CIRCULATING & SERVICE WATER PIPING RM-47A.B.F SPACERS. 
FIRE PROTECTION SYSTEM AM-HUA 
OEMINERALIZEO WATER &. CASK \il'ASHOOWN SYSTEM RM-qJG 

QUALITY GROUP CLASSIFICATIONS ARE 'INCORPORATED 
THIS DOCUMENT BY REFERENCE' INTO THE UFSAR. A CHANGE TO QUALITY PORT 

ARE SAFETY RELATED GROUP CLASSIFICATIONS CONSTITUTES A CHANGE TO THE UFSAR. 

1 Na CC'NQC F!lsr ENE116r 
DUN 13-0555-004-002 OUN 13-0623-001-002 I �J NUCLEAI OPE/IA T/N6 COMPANY DUN 14-0568-001-003 OUN 14-0568-002-111 1212�_;::=�::��-'!!!!.��������=_j ��� lt.������--":01 g�� ��=����=��f:::� 

N
-
ONE 

1-M...o= _ _,,
ll
°'
/

"'3/�
1
=.5-+-------j ::':"-�.��!SU: 

CR-2015-14515 i::
-
=

w
e7-:77

M_VF_-
j------

j 
-

11/S/:atill> 
H J K 
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ALL COMPONENTS FUNCTIONAL LOCATIONS 
ON THIS DIAGRAM ARE PRECEDED BY 

•2sws-· UNLESS OTHERWISE lNOlCATEO. 
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NOTES: 
I. THE CONTROL EQUIPMENT MARK NUMBERS SHAll INCLUDE 

A PREFIX WHICH IS IDENTICAL TO THE SYSTEM CODE PREFIX 
FOR THE ASSOCIATED EQUIPMENT OR PIPELINE UNLESS 
OTHERWISE NOTED. EXAMPLE: ~-WS-FE 132C. 

2_ ALL PI PINS CLASS 15 151 UNLESS OTHERWISE NOTED. 

-

5 

3. THIS SYSTEM WILL BE MAl NTAI NED TO A CLEANNESS LEVEL 8 1-+_.' 
'D"IN ACCORDANCE WITH 2BVM-62. 

4. METHOD OF CLOSURE FOR LOCAL VENTS, DRAINS, TEST 
CON NECTIONS & CHEM I CAL CLEAN ING CONNECTIONS 
SHALL BE AS SHOWN. REFER TO 2BVM-211 FOR 
ADDITIONAL DETAILS. 

5. * DENOTES SAFETY RELATED ITG.1S. 

REFERENCE DRAW I NGS: 
CIRCULATING &. SERVICE WATER PIPING 
CHILLED WATER PIPING 
NUCLEAR EQUIR VENT &. DRAIN PIPING 
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FINALIZED FLUID SYSTEM 

THE INFORMATION ON THIS DRAWING MAY NOT BE 
COPIED OR USED FOR OTHER THAN THE CONSTRUCTION, 
MAINTENANCE OR REPAIR OF THE PLANT FACILITY 
DESCRIBED IN THE TITLE BLOCK. 
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2-GNS-500-2-4 

TO VOLUME 
CONTROL TANK RM-79A~--~~~--__ ~----------L-~------------~----------~ 

D E 

2-GNS-750 -288-4 
CL-151 

SOUTH OFFICE 
& SHOPS BLDG 

PI PE TURB BLDG 
TUNNEL 

L-151 
2-GNS-750- 41-4 

PIPE 

AUX BLD 

RM-ll 
IH-

F 

TO AUXILIARY 
BOILER 

2-GNS-500-909-4 

ReI-81A 
( 

TO HOT WATER 
EXPANSION TANK 

G H J 

10, EXCEPT WHERE VALVES ARE SEPARATED BY WALLS, CORNERS OR 
ACCUMULATORS. 

0) 2-GNS,*SOV853D & 2-GNS,*SOV853A MUST BE AT LEAST 20FT 
FROM 2-SIS,*MOV865A 

b) 2-GN~SOV853B& 2-GNS*SOV853E MUST BE AT LEAST 20FT 
FROM 2-S IS,*,MOVB658 

c) 2-GNS,*SOV853C & 2-GNS,*SOVB35F MUST BE AT LEAST 20FT 
FROM 2-SIS,*MOV865C 

d) 2-GNS*SOV854A&B MUST BE AT LEAST 20FT FROM 
2-S IS,*MOV865A-C 

2-GNS*-SOV853A- F & 2-GNS*SOV854A, B MUST BE ABOVE 
CONTAINMENT FLOOD LEVEL (EL 708'-6") 

\ 2-GN S-001-905-4 

\ 
'1 " x-

2 

K 

VALVE 
IDENTIFICATION 

V35,36, 37, 38,39, 
. 84,85,86, 95,96 

V31,32,33,41,94 

V 900,98 

V 72,74 

V71,V903 V904· 

MARK 
NUMBER 

VGS060-8-4 

VOS050- C-4 

VOS060-(- 4 

VCS060-8-4 

V(S060 -8- 4 

VOSI50-F-4 

Y49,50,55,56, 81, VG5060-B-4 
82,93,901.97, 52,53 

'160,62,67,76,77, 78 VOS060-(-2 

'165,68,73 VGS060-B-4 

V 66,75, 79' VOS060-C-4 

PIPE 
SIZE 

3" ?4 

I ~ II 

I" 

I" 

QUANTITY 

10 1 

5 

2 

2 

4 

4 

2 

6 

3 

3 

V905 2-GNS-001-6-4 
C['-151 2-GN S-001-904- 4-, 

V38 
2-GNS-150-24 - 4-, V99,100 

'1100 V92 

VGS 060- B2·4 3 " ~ 2 

VGS060"V-4 1 

3 

4 

& 

TUN 

2-GNS-001- 4-, 

1~GN-75-601 : ITS 

FROM UNIT I 
HIGH PRESS N2 

2G,r-J5 - RV II:" 
SE T P~~SSLJKE 
700 PSI<=, 

Vl0l 
2 0N, - "';': 

1"I<~rl 

2-GNS- 001-901-4 

l~X( RED.<TYPJ-___. 
2-GNS-150-81-4 
?-GNS-150-BO-4-, 

AUX 
BLDG 

CL-901 C L-601 

V66 
2-GNS-001- 4 

TO PRESSURIZER 
RELIEF Tt"NK 

TO HYDROGEN 
ANA LYZERS 

SET PRE 

'DO'''' 150 PSIG ;.:r:~ 

'167 

1--V~'2---_-=2-GNS-750-903-4 
, _-2-GNS-150-264- 4 

LOW PRESS N2 

--::t~I--'-.:-'t=-=:::- 2(, NS-150-83-4 
Y\lq", 2-GNS-OOl-902- 4 

..___--+-- 2-GNS-150-82- 4 

-151 

AUX BLDG 
+t--'-C~ABLE VAULT AND 

ROD CONTROL AREA 

2-GNS -150 -18-4 

2- GNS-OOI-19-4 

SET PRESS 
150 PSIG 

2-GNS-750-56-4 
2-GN!;- 5IJO-2B~j-4-.f 

L-151 

« o 

2-GNS-500'290-4 

CABLE VAULT AND MAIN STEAM 
ROD CONTROL VALVE AREA 
AREA 

COND 
POLISH 

,93!5J---:..2-~GNS- 001-1 1" r 
CI.::151 CI.::901 

BLDG VENT~~~I----~ 2-GNS-750-908-4 2-GNS- 00 1- 69- 4 
----,-y:-:'A--=R,--=Cc-

,-I----.J....--L-~IIt~-~2-GNS -001-911-4 LMH .... I----I 
lE -5) 

V68 ~IT I-{V~7.>2~ ____ V.7.1~~ ________ ~ '-------i.>::::H R M -IOOA - V60 

V901 

[ 0 

.FROM DEMINERALIZED 
WATER SYSTEM 

o -
U'I 0 - (]' 

---' .J 
\J '.) 

If) 

Z 
Z AOV ( 1 

8B80A ZO 

~c L-____ -/ 

TO 5/G BLOWDOWN 
FOR CHEMICAL 
MIXING 

6 

7 

8 

PI 
107 

V9B 
I---- 2-WT 0-002 -87-4 

N 
1!1 -.J 

_U+-I-~>-;NOTE (\ 
'173 iii 

~ 

.J 
U 

2-GNS-002-45-4 

2-GNS-001-906- 4 

FC 

2-GNS-00HO-2 (Z-)-'--I 

'.- 2-GNS-002-64-4 

-GNS-500-63-4 
2-GNS-500-59-4 

1" ~" --x 
2 

1"C1=151 

TO '=L DRAIN 

'1 1 II 
lx'2 

FC 

-o 
\0 
JJ 
U 

INSIDE CONTAINMENT 

8880B (ZP) 

2-GNS-750 -282- 2(Z-) 

)\ V62(Z-) 
LM 

2-GNS-OOI-70-2 (c-) 
NOTE 10 --+----!l~~0 

2-GNS-001-13 -2 (C~ 1 r2-GN~,-O()1-15-2lC-) 

1--- 2-GI':5-001- 57-4 
TI 
101 

V75 r;~~~~~~~--~~~~~~~~~~~~-----:~RM-87B 
r+-+ .... ·2·GNS-001-73-Z(A-) ~~~:5~~ ( ) 

2-GNS-750-281-2{C-) E-4 

NOTE10 

FG 
'-----+K--"'I""t~- :::+---i 101 ;o..l.r{:>-' 

74 

V92 

~2GNS-STR100 

2-GN S-002-907-4 

2-GNS-001-58-4 

@ 

DETAIL A 
(L- 4) 

NN 
TO ATMC)S 

TO ATMOS 
2-GNS-001-74-2(B 

2-GNS-001-14-Z(A-l 

2-GNS-OOI-71-2(A-) 

r2:- 'GN~;·O()I-Ib -2(A-l 

~~--~--------~~~~~--~~~~~~----~RM-87B 
E-7) 

2 -GN S -750 -277- 2 (A-)--'-L-ti!~~ '---_([[i. 

NOTE 10--r~~@ 
.£-·uNS-OOI-12- 2(B-) 

..,._ .. -GNS-OOI-72-2(B-) 
GNS-OOI-17-2 (8-) 

2-GNS-750-55-2(B-:I---"~""=<Ql 

!LIC. LTQ. MATL. ® ""CH. CONe. ITEEL. ; .. -;;:;r" !LI!C. L. TO. MATI.. ® 

--+--TO SAFETY 

MI:CH, 

, ' 

INJECTION 
ACCUMULATORS 

CONe. STEEL VESSEL 

V905 VDS015-Y-4 1" 1 

V41 
F.O, 3 

35 
1 rX (TYPJ 

2-GN 5 -150-Z ~-,"~ 
44 45 

2-GNS-150-Z2-4 2-GNS-750 -287- 4 2-GNS-750-286-4 2-GNS -750-285·4 

V 

V 

CL-153 
• C E"-151 H!--i:;Y-------IRV" 

SET PRESS.) 
\ .,~~ t+"-c::I£....:.:13.;;0 (TYP 2-GNS-150'- 46-4 

" tb 
N 
I 

O. 
, Ui .. 

VI 

~ , 
N 

V84 

V49 

5-1 

V52 

V53 

V33 ru5Ot·t'~V32 
2-GNS-150-27-4 

va6 

V5 

'191 

SEE DETAIL "A" (B-9) 

STEAM GEN EVACUATION PU 
CAP.150ACFM@ATM PRESS 4 ..... r-l 

2-GN S-002-45-4 

2-GNS-150 047-4 

6 

~,cGNS-150-2.9- 4 GNS-150-28-4 

V81 V82 

TO MAIN STEAM PIPING VIA H.P. DRAI NS 

NOTES: 

I • W-BY WESTING HOUSE 
2. THE CONTROL EQUIPMENT VALVE IDENTIFICATION NUMBERS 

SHALL INCLUDE A PREFIX WHICH IS IDENTICAL TO THE 
SYSTEM CODE PREFIX FOR THE ASSOCIATED SYSTEM 

3. THIS SYSTEM WILL BE MAINTAINED. TO CLEANNESS LEVEL B ..... 1--1 
IN ACCORDANCE WITH 2BVM-62 

4. METHOD OF CLOSURE FOR LOCAL VENTS, DRAINS AND • 
TEST CONNECTrONS SHALL BE AS SHOWN REFER TO ..... H 
2BVM-211 FOR ADDITIONAL DETAILS 

5. HOSE CONNECTIONS ARE TO BE PROVIDED IN PRIMARY 
AUXILIARY BUILDING ON THE 718'-6",735'-6" AND 755'-6" 
ELEVATIONS IN CLOSE PROXIMITY TO THE N2 HOSE 
CONNECTIONS IN THE GASEOUS WASTE SYSTEM 

b. V 73 TO HAVE A SOCKET WELD FLANGE ON UPSTREAM 
SIDE OF VALVE 

7 .INDJCATES DISSIMILAR METAL WELD 
8_ DIFFUSER REt-lOVED BY oc~ 2095 

9. (* )DENOTES SAFETY RELATED ITEMS, 

REFERENCE DRAWINGS: 
MISC_ DRAINS SECONDARY PLANT 
REACTOR COOLANT PIPING 
CHARGING & VOL. CONTROL PIPING 
SAFETY INJECTION PIPING 
NUCLEAR EQUIPT VENT & DRAIN PIPING 
STEAM GENERATOR BLOWDOWN PIPING 
HOT WATER HEATING 
GASEOUS WASTE STORAGE TANKS 
DEMINERALIZED WATER 

RM - 58A 
RM -758 
RM -79A 
RM -878 
RM - 89B 
RM -IOOA 
RB -BIA 
RM - 95C 
RM - 1019 

PORTIONS OF THIS DOCl..t1ENT ARE 

NUCLEAR SAFETY RELATED 

7 ..... H 

al-H 

.I-Y 
w 

iO 
FINALIZED FLUID SYSTEM 

THE INFORMATION ON THIS DRAWING MAY NOT BE AJ'l'RCM:C'.£&i~~~~ 
COPIED OR USED FOR OTHER THAN THE CONSTRUCTION, ± 
M.lINTENANCE DR REPAIR OF THE PLANT FACILITY 
DESCRIBED IN THE TITLE BLOCK, MGIITlIllD I'IIOR_ 110. ;r;.J'J1-C 

~~~~~--- ~ 

~~~~~J==============================r====~~~~~~r===========~~ 
DUQUESNE LIGHT COMPANY ~w 

~~~~~~E~N~G~I~N;.E~E;R~IN~G~.~C~O~N~S~T~RU~C;T~I~O_N __ P~IT~T~S~.~U~R~G~H~.~P~A~' __ +-~~~~~~~~~~~~~~~~~~ ____ 4z~ 
h ~::r 

DATI ARCH, A~. BEAVER VALLEY POWER STATION UNIT 2 UU 
ELICT. A~. I-:-~~"""'--'----r----------------i 0 W 

STONE & WEBSTER ENGINEERING CORP. CHECKID MICH, A~~. i-=0~.I':.:.;.I:;,._.:.;;NO.:;",,;,;'OI*I=----I AA No. 10010-RM -71B 
BOSTON. MASS. STRUCT. A~~, l' ~ 

H(HI. STRESS 8.5. I.. TG. MAlL. CD ARCH. CONe. INiT. VESSEL MGR. STRESS B.S. nEe. LTG. MAlL. 

& W DWG. NO. 12241-RM-7IB-17 



A 

B 

c 

0 

No.10080-RM-0072A 

CL151 
jCL601 
2EGF-58 

LO 

2EGF-7 

2 

2-EGF-002-57-J<A-l 
2EGF-44 

2-EGF-001-1111-J<A-I 

3 

v~ 

ZEGF-265 

CL601 
cl"MFG 

CL601 SCH 4111 
CL MFG SCH 80 

2EGF-LJS 

~ NOTE q 

CL151 
jCL601 
2EGf-5q 

LO 

-2EGF-R0202B<B-! 
NOTE 12 

TYP 

~ TCN 
2EGF-41 

2-EGF-004-72-JCA-I CL601 

CJ C4 

2EGF-TK21A<A-> 
EMERGENCY DIESEL 

GENERATOR FUEL 
OIL STORAGE TANK 
CAP: 58,008 GAL 

N2 NI C2 Cl N4 C5 

FUEL OJL SUPPLY ANO RETURN FOR OIESEL GENERATOR SET 2EGS-EG2-l 

COMPRESSED AIR STARTING UNIT FOR DIESEL GENERATOR SET 2EGS-EG2-l 

2 3 

DIESEL FUEL OIL SYSTEM 
OJESEL AIR STARTING SYSTEM 

4 

I I I I 

5 

2-EGF-001-27-3<8-> 

C3 C4 

2EGF-TK21B<B-l 
EMERGENCY OIESEL 

GENERATOR FUEL 
OIL STORAGE TAM< 

CAP; 58.001 GAL 

v~ 

2EGF-264 

7 NOTES1 B 9 10 
J. All INSTRUMENTS ANO CONTROL EQUIPMENT MARK NUMBERS SHALL INCLUDE A PREFIX WHICH JS IDENTICAL 

TO THE SYSTEM C00E PREFIX FOR THE ASSOCJAlEO EOUlPMENT OR PIPE UNLESS OTHERWISE NOTED. 

2. 

3, METHOD OF CLOSURE FOR LOCAL VENTS, DRAINS, TEST CONNECTIONS ANO CHEMICAL CLEANING CONNECTIONS 
SHALL BE SHOWN. REFER TO 2-BYM-211 FOR ADDITIONAL DETAILS. 

4. ALL FUEL Oil SYSTEM PIPING IS PIPE CLASS 151 EXCEPT AS NOTED. 

5. ALL AIR STARTING PIPING IS PIPE CLASS 301 EXCEPT AS NOTED. 

6. THE FUEL OIL SYSTEM TO BE MAINTAINED TO CLEANNESS LEVEL 'C' IN ACCORDANCE WITH 2-BVM-62. 

7. TtE AIR STARTING SYSTEM 10 BE MAINTAINED TO CLEANNESS LEVEL •p• lN ACCORDANCE WITH 2-BVM-62. 

8. HATING FLANGES TO 2EGF-P2JA, B. C. 0 10 BE 14' 150 PSJG RAISED FACE SAl81 GR 1 OR SA105, 
WELDING NECK FLANGES BORED TO SCHEDULE 80. 

Ci. MATING FLANGES TO 2EGF-LIS201A. B TO BE -4' 15e PSIG RAISED FACE SA181 GR I OR SAI05, 
WELOJNG NECK FLANGES BORED TO SCHEDULE 8111. 

10. BURIED PORTIONS OF THE PIPING AR£ ENCASED IN CONCRETE. 

11. 2EGA-RV205, 206, 207, 208 ARE THREADED 11/2" NPTl DIRECTLY INTO THEJR RESPECTIVE TANKS. 

12. GASKETS IN ALL CLASS 601 EGF PIPING SHALL BE FLAT RING, 1116"TH1CK VELLUMOID OR EQUAL. 

13. SEISMIC I NON-SEISMIC BREAK AT EL 759'-0'. 

A. !;: THE COMPRESSORS WERE PURCHASED OA CAT I. BUT HAVE NO SAFETY FUNCTION. 

~·FLAME ARRESTERS 2EGF-AF4AtA-J, 4B<B-l, ARE SC-3 NON-ASME 111 COMPONENTS:? 

17. NON SPARKING <BRASS! FITTINGS SHALL BE PROVIDED FOR TANKER FILL CONNECTIONS. 

18. CAP IS LOCKED CLOSED. 

Jq, FLAME ARRESTERS 2EGF"-AF3A<A-l, 3816-1, ARE SC-4 NON-ASME III COMPONENTS. 

CL601 SCH 40 
CL MFG SCH 80 

2EGF-LIS 

~ NOTE q 

2-EGF-004-73-3<8-! CL601 

N2 NI C2 Cl N4 C5 

FUEL OIL SUPPLY ANO RETURN FOR DIESEL GENERATOR SET 2EGS-EG2-2 

2" 600LB 
ANSI 
FLANGES 

EMERGENCY 
DIESEL 

GENERATOR 
2EGS-EG2·1 

CAO> 

2· 600LB 
ANSI 
FLANGES 

COMPRESSED AIR STARTING UNIT FOR DIESEL GENERATOR SET 2EGS-EG2-2 

OG ND.11 OG NO. 2 
CUBICLE CUBICLE 

T 

CAEOOt 
6 

2EGA-22 

2£GA-110 2-EGA-759-JCl-4 

2-EGA· 75111· 72-4 

PORTIONS OF THIS OIAGRAM ARE .....CLEAR SAFETY RELATEO 

7 B 

2" 600LB 
ANSI 
FLANGES 

VOLUME 
74.2 EMERGENCY 

CUBIC DIESEL 
FEET GENERATOR 

2EGS-EG2·2 
<BPJ 

2EGA-163 
2-EGA-500·903-3<8·! 

2· 6il41JLB 
ANSI 
FLANGES 2z-EE't•-~i-6.'li-~~f B!, 2·EGA-B25-41-3<B·! 

l 601 2EGA-136 

2-EGA·750·65·3<B-l '------' 

2EGA-15 
0 

2EGA·RV208 
NOTE 11 

DUALITY GROUP CLASSIFICATIONS ARE 
•INCORPORATED BY REFERENCE' INTO 
THE UFSAR. A CHANGE TO DUALITY 

GROUP CLASSIFICATIONS CONSTITUTES 
A c.-GE TO THE UFSAR. 

BEAVER VALLEY POWER STATION UNIT NO 2 

FLOW OIAGRAM - FUEL OIL & 
COMP AIR - EMER OIESEL GEN 

"':r.L.--+=----<AA '7a':ee- RM-0072A 

9 

... 
26 

A 

B 

c 

0 

E 

F 

G 



No. I0080-RM-72B 

1 

2 

3 

-=1 

4 

-2 

--
5 

-=5 

--

-7 

6 

-B 

-
-9 

___ ~-I7 

-=11 

-
'-

P-''-I 8 

• 
® 

1-.--1-

III 

e~ 
h---=l­

III -> 
FL ....... 
@ I: 

® 

A v B c o 
2-EGS-5CO-30-4--.. 

2-SWS~RQ1100i3 RM-47B L \ 
FLUSH ~ 

TCN(TYP) 
V1~?_ '114...., ~V16 VENT TO 

-.... ,r2-EGS-750-24-4 ATMOSPHERE 
\J-5J ____ -+-2-EGS-750-26-4 r' 

V2o.? ~ ! .......-2-EGS-750-l-3(B-) 
2-SWS)(RQ1100D 

FLUSH RM- 4 7 B <E(;""'-r--<_D'<~I-I L 2- EG S-750-· 9 -4 Io-""CHE ~I C AL 

(.J-6) Z. (G-8) 2-EGS-750-22-3(B-) ADDITION .... --------, 
2-EGS-500-28-4 > n CONN.2" 

RM-IOIB......:r.. :L ... 

rl,"*V4(B-) 'EL''./ 
FROM OEMINH1ALIZED '-' 

WATER. SYSTEM ~ 
(TYF') CL,152fL,.151 r -~ rf;l #t-

N NS SC-3 E B CAD F H G ,<t 

2- EGS-750·IO-3(B-)-. 

#JACKET WATER 
EXPANSION TANK 

2EGSlHKI B(B-) 
[ 100 GAL J 

~'-2'EGS-750-900-3(B-l . 

2-EG5-750'5-3(B-)-

JACKET r---I 0", lW2(B-)~ 
WATER *V900(B-) D 
SURGE INTERCOOLER 
LINE VENTS 

1---1 - 2 - EGS-150-7'3(B-) 
t--- 2 'EGS-150-6 -3(9-) 

2-EGS-500-3-3(B-)""",,- ' 

JACKET" 
WATER~ 
VENT 

~ rlNTERCOOLER 
1'- WATER 

RETURN 

-....- 2-EGS'001-2-3(B-) 

E F G H J 

V 
2-EGS-500-29-4-, TCN(TYP) 

2 SWS ~ 11170 V13 V15 , 
- )(RQ1100C RM-47B '::;/~~-";:L..<D~'<l-L-r-+::"':J-..J...." 2-EGS-750-23-4 FLUSH ~ ~ _ 

VENT TO 
ATMOSPHERE 

(J - 7) ~ ____ -+-2-EGS -750-25-4 
2-SWSXROJ 100A 

FLUSH RM -4 7 8 L~---:;r-VCl:2>,,~ I':::]--J - - 2-EG S -750 -19- 4 

~J-8) / (G·7) 2-EGS-750-21-3(A-) 

r' 
,-----_2-EGS.750.11-3(A-) 

,CHEMICAL ~ _______ ., 
ADDITION r 

2-EGS-500-27-4 >RM .101 B~>,-~-... !f""~-t __ -i 
/*V5 (A-) 

CONN 2" 
I#-

lzb~1 ) 
'-=-, 

CI:~52 IrL-151 
NNS SC 3 

~, 

2-EGS -750 -20- 3 (A-)--

JACKET 
WATER 

ty~E 

E B 

I 

~ +-
CAD F H 

#JACKET WATER 
EXPANSION TANK 

2EGS*TKI A(A-) 
100 GAL 

2-EGS'750-15'3 (A')./" 

)(V3(A-V. 

I- # 

D 
INTERCOOLER 

VENTS 

- -2-EGS-150-17-3(A-) 
1--2- EGS-150 -16 -:~(A-) 

JACKET" 
WATER ~ 
VENT 

~ INTERCOOLER 
., WATER 

RETURN 

t--- 2- EGS'001-IZ'3(A1 

K L 

VALVE 
MARK NUMBER 

PIPE 
QUANTITY 

IDENTIFICATION SIZE 

V 1,6 VBWOI5·B·4 6" 2 

V7,B VOS060'C-3 34" 2 

V4,5 YBSOI5-Z-3 3;4 2 

V2,3,900 VGS060-B-3 314' 3 

V15,,6 VOS060-W-4 3h)" 2 

V17, 18,19,20 VBS015-D-4 3/4" 4 

V13,14 VCS060-G-4 -"AI" 2 

TO FLOoo.\! 
DRAIN "'I 

I\. ~~T~~foe~Jf ~ 
{ 

r:-::~~, -:o-2.EGS-500-4-3(B-) 2'EGS-500- B -3(B-) TO FLOOR ,~ CONN-4 ,,_ " # 
DRAIN (J" J' 118700461--+~ I ~ FLEXIBLE 

1 1 SHT-5 - 'P F CONN (TYP) 

i' INTERCOOLER 
~SURGE LJ NE 

2- EGS'500-13-3 (A-) -1> 
1t--2-EGS-500-18-'2ik) -2-EGS-500'14'3(A- '" 

# 

VENT TO 
ATMOSPHERE 

r' 

2'EOO'006-10 ·4 ......... 

CONN-II Ii" (NOTE 9) 

11870046f-J #EMER. DIESEL I r-2-EGS-001-901-3(B-)r\ CONN-12 
SHT-4 t-------' II 11870046 
CONN -I GENERATOR [) ,.,.-2-EGS- 750-902-3 (B-) SHT-4 
11870046 r--I- r----=-.J;:/:: r 2-EGS,750-903-3(B-) 
SHT' 5 2EGSlIEEG2-2(BP) /' CONN-8 

--""../ 11870046 
'\'-\ SHT-5 --.... --------------

r.:-:::-=-:-~ /. r ,,-: F 
CONN-II 
11870046 
SHT-4 

CONN-I 
11870046 r----I­
SHT-5 

#EMER. DIESEL 
GENERATOR 

CONN-5 
'----1 I 1870046 

" SHT-5 

'" CONN-4 }--___ ...J ... ---111870046 
2EGS*EG2-I(AO) SHT-5 

_i).~~ FLEXI BLE 
-F' CONN lTYP) 

(NOTE 9) 

CONN-12 
... 11870046 

SHT-4 

NOTES: 

I. FOR GENERAL NOTES SEE RM-72A 
2. BOXED NUMBERS CENOTES DIESEL. MFR'S 

CONNECTION & DRAWING NUMBER. 
3· ALL COOLING WATER SYSTEM PIPING IS PIPE COOLING WATER EXPANSION AND MAKEUP FOR 

DIESEL GENERATOR SET 
2 EGS)( EG2-2 

DIESEL COOLING WATER SYSTEM 
COOLI NG WATER EXPANSION AND MAKEUP FOR 

DIESEL GENERATOR SET 
2EGS)(EG2-1 

CLASS 151, EXCEPT AS NOTED. 
4. ALL DIESEL AIR EXHAUST, AIR INTAKE &. CRANK­

CASE VACUUM SYSTEMS PIPING 15 PIPE ClASS-
151. EXCEPT AS NOTED. 

2-EDG-Cl20-5-3( B-)­

TO 
ATMOSPHERE VENT TO 

ATt.«:lSPHERE 

2-EDG-006-21-4 ---t 

# 
.-CRANKCASE 

VACUUM 
PUMP 

2EDG*P2IA 
600CFM 
@3"H 20 

CONN-3 
11870046 r----­
SHT-7 

2 -EDG-OO 1-22 - 4-..t 
2-EDG'005-32'4 

2-EDG-001'ZO'4 

# 
.-OIL 
SEPARATOR 
2EDG-SP2IA 

2 -EDG·020·16·3 (A-J 

TO 
ATMOSPHEP,E 

r---;-N~TE 

fl.IIR INTAKE 
FILTER 

2EDG * FLTA IACtI-)? 

5. THE COOLING WATER SYSTEM TO BE MAINTAINED 

6. 

7. 
8. 

9. 

TO CLEANNESS LEVEL "C" IN ACCORDANCE WITH 
2BVM-62 
THE DIESEL AIR EXHAUST. AIR INTAKE &. CRANK­
CASE VACUUM SYSTEMS TO BE MAINTAINED TO A 
CLEANNESS LEVEL "D" IN ACCORDANCE WITH 
2BVM-62 
+DENOTES DISSIMILAR METAL WELD 
FILL CONNECTIONS FOR LUBE OIL TO BE LOCKED 
CLOSED ADMINISTRATIVELY CONTROLLED. 
THE EXHAUST AND INTAKE SILENCERS, EXPANSION 
JOINTS, INTAKE AIR FILTERS, AND FLEXIBLE CONNEC-
TIONS ARE SC-3 NON-ASMETlI COMPONENTS . 

NOTES CONT(K-7) 

# 2 - EDG·03 8-14-3(A-) 
2-EDG-020 -18-3(A-) 

/'

FLEXIBLE NOTE 10 (TYP)- --=d~==~~~~ # INTAKE 
CONN (TYP) ;rr SILENCERS 

2-EDG'005-28-4 NOTE i:!OOl IA IB 2EDGXSIL1A&B(A-) 

'" 9l U. f2'EDG'006-19-4 

6"x 5" I 2- EDG-022-12-3(A-1 
RED. I I 

VI I, #EXHAUST 1-11---' 
~I~ENCER 

NOTE 
13 2· EDGJ(SIL3ACA-) 

-2- EDG-022-13'3(A-) 
'---1-2- EOO-150-25' 3 (A-) 

CONN·8 

"'--- --2-EDG-750-23-3(A-1 
..... -2-EDG-020·17-3(A-) 

REFERENCE DRAWINGS: 
MANUFACTURER'S DWGS-11870046-SHT 4,5 & 7 
S/W FILE NOS. 2002.190-230-005 

2002.190-230-006 
2002.190-230-008 

DEMINERALIZED WATER SYSTEM 

NOTES CONT 

RIYI-IOI B 

10. THE DIESEL AIR INTAKE PIPING SHALL 8E PAINTED 
ON THE INSIDE AS mLLOWS: 

A. PREPARE SURFACE PER CARBOLINE 193 LF 
PRIMER DATA SHEET 

, 

2 

3 

-

6 

• 

~ 
I~ 

,.,..,. CL 15 

CONN-8 
/ .~ 11870046 

THREADED FILL 
CAP~ 

r--J--,! 11870046 

8. APPLY A MINIMUM OF 2 COATS OF CARBOLINE 
193 LF PRIMER 

C. NO SPECIFIC DFT MEASUREMENT IS REQUIRED 7 J-+-I 

Dv ~t '0 =l/ ..."S,,-,H'";T -~7:;=.:=,-=.., 
NOTE9 CONN-IO ~ -2-EDG-020-4'3IB') 2-EDG-003-33-3(A-) 

3"X 1~' RED.------

5HT-7 

CONN-IO 
,--i 11870046 

SHT-7 

..... -- -- 2- EDG -020 -15 -3Ct1·) D. COATING APPLICATON SHALL BE .IN ACCORDANCE 
WITH 193 LF DATA SHEET 

E. SWAB APPLICATION IS ACCEPTABLE 

li'MIN--l J 
-'---"'-'" 

TO FLOORY 
DRAIN 

- i -"F r- 1187004617 
-.l .i SHT- 7 '/ 

0["'" N-}: 
-'-' 

I-NOTE 11 

II~I--~-~-' 
~-F==~-~~:~--~ 

#EMERDIESEL ~.c.# lEXP!SION 

YTO FLOOR 
DRAIN 

CONN'12 
11870046 
SHT-7 

GENERATOR 1J/';1 ~g~NET9(TYP) 

2EG5)(EG2-2(BP) ~23-~ ~O~N. 

COMBUSTION AIR I NTAKE AND EXHAUST AND CRANKCASE VACUUM FOR 
DIESEL GENERATOR SET 

2EGS*EG2-2 

tHIT. ~L HOlt, 1T1t.. .... ILie. L.TG. MATL ® "'''CH. mEL MECH. 
eri' 

INIT. W.L HOP'- IT"" E~C. LTG. MATL. ® 

12"MINI-r::=t7i 

TO FLOORY 
DRAIN 

01 ESEL COMBUSTION AIR EXHAUST, COMBUSTION 
AIR INTAKE, & CRANKCASE VKUUM SYSTEMS 

1----I-7"NOTE 10(Tnl 

6")(4 " 
RED. 

o_ '[I N}: 

'---;#EMER DIESEL 
GENERATOR 

L.G. 
NOTE 11 

2- EDG-004· 29-4 

VTO FLOOR I DRAIN 
_......f""f"'-1-f><J--12EGS)(E G2:-1 (AO) 

r;:C~07.N7.N-;-1:-;:;2-

11870046 
SHT'7 

# # 

I'J/# 

FILL CONN. 
NOTE 8 

COMBUSTION AIR INTAKE AND EXHAUST AND CRANKCASE VACUUM FOR 
DIESEL GENERATOR SET 

2EGS)(EG2-1 

F. VISUAL INSPECTION SHALL BE PERFORMED 
TO ASSURE ALL 8ARE SPOTS ARE COATED 

11. LOCATE LOOP SEAL WITHIN 4c O" OF FLOOR EL 732-6-
12 LINE NUMBER(S) (SEE BELON) CONTAIN (S (Al 

SCH (SEE BELOW) SPOOL PIECE (S). SEE ISOIv1ETRIC (S) 
FOR DETAILS. 

LI NE NO. SCH. ADDED 

2 EGS-750-019-4 40 S 
2 EGS-750-009-4 40 S 
2 EGS-750-024-4 40S 

--- ---
13. LINES 2-EDG-150-25-3 AND 2-EDG-150-26-3 SHALL 

BE INSULATED WITH CALCIUM SILICATE ALONG THE 
FIRST 5 FT FROIv1 THE EXHAUST SILENCERS. 

PORTIONS OF THIS OOClX-lENT ARE 

NUCLEAR SAFE I Y RELATED 

FINALIZED FLUID SYSTEM 

THE INFORMATION ON THIS DllAWlNG MAY NOT • 
COPIED OR USED FOR OTHER THAN TIlE WdlIIIUC""'CTION-. 
MAINTENANCE OR REPAIR OF THE I'lNIT rACILITY 
Df:SCRI8ED IN THE TITlE BUICK. 

DUQUESNE LIGHT COMPANY 
IENGINEE"ING • CONST"UCTION ~ITT •• U"GH. ~A. 

• 1-+-1 



, .. 
( 

'I . --

j 

.~ 

~ 

. '.® 

'@ 

. No.IOOS 
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5 

1" 

I 

.663 

" ~ 

/4' 

2RCS~ 
658 

2 RCS'655 

3/4" 

'6:;9 

-75 A I . 

A REACTOR IAIUI~ I PlW .(TIP) 
I (PCPC) 

I c 

CL-250IR rl~J«;'~I~-lilr-1 (C-J 

NOTE 2 

NOTE 23 

2RCS·657 

, .. 

NOTE . 23 -'-' H·I 

,. 

-~ ---

RCS·551 

• 

CL-250IR 

r-r--l. 
rN~~TE 

NOTE 23 

I 

I o 

-;;," 4-T7A+-~\ 

2-RCS-750'184 
I-OSEJBY 2BVS·756) 

~311 PIPE CAP 

L- :!-RC:S-2'75 -9-1((-) 

NOTE 3 

STEAM ' 
GENERATOR 
(PCSG) 

2RCS* 
502IC 
(c-) 

I . ~ I G 

,....:.:..:'-:",:" :.: .. ~~~. fO PR i MARY ~ 
SAMPLE~NEL ILO~ SEE NOTE 27 . 

[i~~~~~75-40-2(G-) . 2'FLEX HOSE(BY' . . . 

l-----'- NOTE 

NOTE 

CL.-

L . I H. I I 
NOTES CONT D (L -2) 

J K I 

52. CL-1502 PIPING BETWEEN THE T78 VALVES AND THE 
CL-TNSS BOUNClI\RYIS FABRICATED A"lD INSTALLED TO 

. ASME 1Il. 'REQUIREMENTS,IS FUNCTIONALLY USED AS 
SAMPLE TUBING,AND THEREFORE NEED NOT BE 

VALVE 
I DENT I F I CATION 

MARK 
NUM BER 

PIPE 
QUANTIT) SIZE 

, VALVE MARK PIPE QUANTIT'/ 
IDENTIFICATION NUMBER srZE 

. {VENT 
CERTIFIED UNDER THE N-5 PROGRAM. . 

'RCS:500-196-2(C-) 

IF-2-RICS ~,Q 0.,.197-2((-) 

18 I-RCS-004-80- 1(8-) 

NOTE 31 

"1 

r-c.-RCS-750-83-2 (Z-) 

V900 

-~~ffiTr . -
1- V"u """~ / .......... , ....... , 

CL-I502 H-2 
SPRAY LINE 

~iO)\JiM;j(o)\vil ORA I N 

13 

E7 
,-1:;L-:l5Q1 R 

39 

VBS015-D-4 f 

",iPl ' 
A- V"" /' ......... ' ~,c ....... 

2-RCS-275-9-1 (c .. ) 

~~~NOTEI7 
RM-878 

2-Sls-005-16HC'} INJ ACCUM. 

1 V 1,2,3}~G,7>8>9, VSSI50,A-2 l' 18 
10,11,12 14,15,16; 2 , 
1~18 I 

V21 .3," 
VSS150-A,2. 1 

4 . 
V70,71 

/ 

V.sS200-R:-4 .1.11 

2 . 
\ 2 

. 
NOTES CO'NT D_ (L-7) 

47 PART-LENGTH CONTROL ROD DRIVE MECHANISM CONN 
IS FURNISHED BY WESTINGHOUSE AS THE CONN TO THE 
'VENT PIPING. . . 

48. CONN TO THE REACTOR VESSEL IS LOCATED OFF OF 
, THE INCORE INSTRUMENTATION SEAL TABLE, 
49, CONTAINMENT ISOLA 110N IS PRO ViDEO BY A SENSOR, 

A FILLED SYSTEM AND A HYDRAULIC 1S0LATOR IN 
. SERIES. FOR FURTHER INFORMATION SEE S&W 
DRAWINGS J224J-RK-25 SERIES. 2 

50. 
51. LINE NUMBER(S) (SEE BELOW) CONTAIN(S) (A) SCH (SEE' L..-H 

BELOW) SPOOL PIECE(S). SEE ISOMETRIC(S) FOR DETAILS . .-

'I LINE NOS / 1 SCH ADDED I 
2-RCS-750-273-4 40S' . . 

1 29 INSIDE DIAMETER 
2 31" INSlDE DIAM ETER 
3 27,5"INSIDE DIAMETER . 
4 SPOOL,PIECE'TO BE INSTALLED ONLY DURING REFUELING J-<-....-I 

. TO MAKE CONNECTION TO SlGHTGU4SS USED FOR 
MONITORING-REACTOR COOLANT LEVEL. BLIN\) 
"~A/JGES II-ISTALLEJ) ~ORN1ALLY. 

7 SPRA)"LINE.SCOOP. . '" 
8 LT&LG TO BE USED DURING REFYEUNGOPERATIONONLY. 
';) ACCESS FOR INSERVIC:E INSPECTIONOF REACiCoOLANT· 
. PIPE TO. REAcT-VE·SSELNOZZLE WELDS TO BE· PROVIDED . . 
12. o. 25-tIlI.t TtiROUG» VALVE PLUG. 

· 13. LOCATE saow ELEVATION OF REACTOR VESSEL FLANGE. 
14. LOCAL COII.ECTION POINT FOR IETERMININGLEAKAGE RATE. 
15. LOCATE COtfoIECTION 45° saow I-DRI2ONTAL CENTERLINE. 
16. THE BOTTOM TWO HOT LEG RTD THERMOWELLS (J2.(t*'.2.40') --"." @) 

ARE LOCATED [N THE SAME CROSSECTIONAL PLANE. THE TOP HOT 

Lt:..~CL::-~15:0:2~A7-~6<~~!:~:~~ SAFETY 

L-N01'E 18 2-SI,.S-012-2.t;l-l(C-r Lao P, 23 

, ' 

r2·SSF~-~)0·8· 3'2(A-) 

2 -ReS -750 -11:12 -211~ -l ===t:=:::: 
2-RCS c750 - [011-<::10,-) 

2 -RCS' 750 -180-2 ._---,1-::,.... 
,,,(:L-;~IU[ R. 

~3" P[PE'CAP 

( . 

. 
2 .. SSR-375-35·2 (B-) {'l....n .. ,J'1 

2-RC5-750-178-2 (B-)-+--"/ 
2-RCS-700-177-2 (B-)+--" 
2-RCS-750-176-2 (B-)ic:Q5 

• NotE', -250lR 

STEAM 
. GENERATOR 

(PCSG) 

31'X 29' 
REO. ELL 

2-Rcs,.2.75-3-I(A-) 

NOTE 3 

LOOP 21 

STEAM 
GENERAToR 

(PCSG) 

2RCS* . 
SG2IB 
(8 -) 

CATI 

" . 
31 X29 

. CI:153 CL·TNSS 

2-SSR-375 -37-aA-) . 2-00$- 2-RCS~500-90-4 . 
REACTOR VEssa FLANGE 
LCJ'" DETECTION LINE 

1. -':~~~r' TO PRIMARY r MPlE PANEL F-2 

i'FLEx HOSE 

2(BY 2BVS-756) 'oSU-~.p.~~~~~!~~ 
~::;:::~W~K;\·LOOP ,CbNTM 

DRAIN 
l:t~~~-25-I(A-) (<::1:1502) 

2-:RCS- 7S0-26-?(A.=j NOTE 31 
23 

2-RCS-008-20 -1 (A-h 
'. . ~ 

TO VENT & DRAIN· 
SYS. 

x 

-- 2-RCS-'750-302-2-(A-) 
.--- 2 .. RCS-029:H(A·) 

N0TE1 

FROM 
""---7 H HS I /:.'i'?' 

PUMPS 

Z'~":;-[:)04:)-d5' !fA ~ 

.Z-RCS .. OO1 05"~-::::~~ '--_ 2-RCS~ 150-89-4 

AOV. 
II 3" • 
IXS 

"-2-RCS -375-229-4 
;---NO'rE 16 , NOTE ":--"--'; . . '-[NNS 

·2·RCS-750-85-2--'--..... 

-2(M 

TO PRIMARY 
SAMPLE SYS 

'f;?':cRC;S·750946 -2U3-r; 
RCS'002-45-1 (8-)' 

E 23 

NOTE 

39 

. TO, RES'I DUAL 
RM-76A REKlV AL 

31 

) ' 

Ir-II-Cl: 1592 

I-IQI.-) 

C I: 1502 --:--"---

B' 

LETDOWN TO 
REGENERATIVE H 

, , 

WiTt:: 39 

CL-1502 , 
r'---t2-5IS ·OO6-12cl 

(A-) 

. f FLEX HO:;E(13Y2BV~;-7515h 
_~:)r~'r~ff't.,..INSIDE. ' 
u CONTMT 2-S:5R->!50C),.916;-2(~'-)-" 

N:JTE 49,----
2-RCS-750-303-2 (8-) 

, . 
, C1:1502,-, 

'rL .. -> .5C-2 
-Ti'B-""; .~- 2-RCS -375 -16 7-2 

.2: RCS -750, 87-2 ---.-..;.. 
FROM OUTER 
CH~ER 

. FROM SAFETY . 
INJ.ACCUM 

RM-S'7B 

;t.lLns 
~ . 

2-RCS-150-SS-2 

JO HEAD 
MONITORING 
NOZZLE(Ty~ 

f-4--k- 3' . 
2[-T78 ' 

_____ -I- CI:. -TNSS 
FROM . INNEII 
CHAMBER 

, 

:;"NO'TE 4 7 . 
)-_~('( ....---:- 2-RCS 'OO1-3001\X: 

.' . . 2. P'RE:SSIJR tZER 

. .RM-75S D-2 
(z-) 

(-I"<L.S-750-301-2 (k) 

LEG RTD THERMOWELL O' [S LOCATED [·-1"(tll2.") TOWARD THE 
REACTOR FROM THAT CROSSECTIONAL PLANE • 

17 .SWAGELOK TEST CONNE-eTiON AND PWG. 
I.S. 1/2' SWAGELOI< CONNECTiON FOR DISC PRESSURlZATION AND;= . 

CONN ECTION. 

19. LOCATE CCH£CTI()I ()I UPPER 180. OF PIPE CIRClM'E~ 
20 • """"'" . 

21 • 

22. 

23. Ri'o I NST ALLEO IN 1El..L. . 
24. PARALLa PIPE PATHS SH01JLO BE OF APPROX EQUAL Eo.UIV 

LENGTHS. FlOW PATHlENGTIt OF EACH I" PIPINGSECnON 
SI«lWl BE APPfmllolAtaY'6 FEET(t2'~OqMAi<IIU4) .. 

25. LE 103 INSTALLED ONLY WHEN NEEDED FORMID-LOOP 
. LEVEL. 

26. TEST CONN FOR LOOP STOP VALVE ANALYSIS: 
'0. REDUCED !NVENTORY/MID-LOOP LEVEL TRANS, 

29. REFER TO WESTINGtIlUSE MFR PRINTS FOR ALL INSllUlENT.· 
CCtlNECT I ONS. .: 

3OA. THE CONTROL EQUI PMENT· MAFIK NUMBERS SHALL· INCLIiOE . A 
PREFIX MilCH I~ THE S'(STEM CODE PREfiX . 
FOR THE' OR.PIPELINE tH.ESS' 
OTHERW I SE NOTED. ;1RCS-TE40 I . . 

3OB. WESTINGHOUSE CONTROL IDENTlFICATlCN NOM9ERS 
ARE . SHOwN ·1 N TO BAl..l..CJ()lEO MARK NUMBERS 
IIHERE il£sE. ARE 

31 ;til ''::-\J,!,.~ · • 8 ; ., 

NSTRE'A'iVi 
33. 
34. IESTINGDJSE VALVE NUMBERING SYS: , VALVE. SIZE 

~"-T7S- VALVE l'iPE(AS f-...4 
, SPECIFIED IN 

ALL VALVES AND INSTRUMENTS SUPPlJED BY VALVE REECUIOE) 
WESTINGHOUSE UNLESS OTHERWISE NOTED., 
.NOTES CONTO (L-9) 

46, THERMAL SLEEVE IS PROVIDED BY STONE 8. WEBSTE,R 
PER· 2BV-58. 

REFEREN.CE DRAW I NGS: 
SAMPLE PIPING 

NUCLEAR EQUfP VENT & DRAIN PIPIt«; 
· CHARS I NG & va.... C()ITROl PIP I NG 
SAFElY INJECTIONPIPJt«; 
REACTOR ~ PIPING 
RESIDUAL HEAT REKlVAL PIPING 
flOTES CONT'D . 

'35. ~1~~~~ 
36. III:OIT 

37. 
38. 

RM-99F 

RM-S9A 7 
RM-79C 
RM-81B 
RM-758,C 
RM-76A 

IONS AJRNISfED WITH 
" . 

·""';:,'1 NGHruSE 
''::~~ ~r~Nr ROOT 

ICH THEY 

.DIAIME'TER TO BE 
W SUPPLIED EQUIPMENT. 

RED. ELL. ',-I-'-__ I_~~®YV •. ~. A'(H­
{J~~~-~L~E~G~E~N~D~:. :. * ~;~Ij~;~o~~:~;opr=. FROM VALVE$,SEE RM'8~A'l~-I 

4'3.THIS.Sr~!.Ei~5I:iAL INTAINED TO A CLEANNESS 

. 
2-flCS.275-6-1 (8-) 

NOTE 3 

LOOP 22 

l'«>TEI 
2-R.CS· 750 -43"1-(B"}-' 

LO 
2'~T88 

L.2-IKS·I'QC 2-42-(8-) 

'-CII:-2501 R 

\@' LEVEL KU'~I'IC E WITH 2 BVM-62 
, . 

FAIL CLOSED 

L~,i~~)-"::J-i~;~~~ FAIL OPEN . HIGHHF1'.D S6,f=ETY INJECTION. 
INSIDE MISSII.£,BARRtER 
OUTSIDE MISSILE. BARRIE R 45. METHOD OF CLOWRE FOR LOCAL VENTS,DRAINS,TEST 
L.OC K OPEN CONNECTIONS &CHEMICAL CLEANING CONNECTION$ SHALL BE 

AS SHOWN, R,EFER TO 2 BVM-2I1fOR ADDrTlONAL DETAILS 
. (,....." ... 1502' .~=~ 

"ii),I(vI!;~ "2 ... l 'TOla8·' rL---------t---<,,_ftM_-...,l9C_-.:::. C 

RM-878 ~ 

'--2-SI S-006- 15-

SCALE 

NONE 
. STONE 11: ENGINEERING CORP. 

BOSTON. MASS •. 

. 
FINALIZED FLUID SYSTEM .. 

THE INFORMATION ON THIS DRAWING MAY NOT 8E 
COPIED OR USED fOR OTHER TIfAN TH.E CONSTRUCTION, 

. MAINTENANCE OR REPAIR OF THE PlAI'IT FACILIlY 
DESCRIBED IN THE TinE BLOCK. 

CHltCKED 

APP. 
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I A ,~~I: g~~:~~~=e~10-!~79-47 I C i ,__ DEI FIG I H I I I J I K l 
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A . .11 2-VR 2.~.7!iO-I'" • := . ., II Ilir IIVI\! NIjMBER' S'E "" "'IT'\' 
~ A' .. ~X42o-.1 il b -~ft :J -n A < FROM RHS SUCTION {;Q-. 12"." ~2-~S-006·11I·4 ~'''''' l_~--'l 

TO PRIMARY RM-99F /' ./:;, -'" - ~ ~ 'I i V V:10 t.CL.153 A':' . "'1'/1-110 RELIEF VALVE 'I. ~~ '\.... UI::i-I~- r-i,-==-f2+-""';'--I 
SAMPLE PANEL 2-&!SR~375-304-4:-"""'" ~ Iii, ~')~6 ., ... ,~ A )3_ 1":l1l." FROM SEAL WATER l ~ • ~ II~ CL-1502 rJ]:, . 

~ 0 I: ~ ~ 3' _~ / ~ ;....+...._.!..-7 ...... 

I)~~~~ RM-89A --... \ .., 3", '-CL-153 A_IRM.79C < RELIEF VALVE s: I!le - NOTE 11..1 1V59 ;.....+_I..!---I 
TO VEiIlT & ./....... '" -_. • ('1-i,,'I, I· ~ ..... , ,~ I! j 4 I . r-2- "" ...... "'"'", • FROM ell .l:,tll:\lIVt __ , U I ~ ;) ! ,.. I VOV ! . 

, RM-89A ,~~ 1"' '" I / I... ~(,I-I'" D'-":l ..... RM-79C < HEAT i:'~ ~bt.R __ ., g:..,.. _ . ...-..:-:- 11" . ,.. )I' ,~ IV6 0.0. <::'0 .j 2" ., 
_ DRAIN S!5TEM G-6 I"X BUTIVrELDEO-r\ ~ ... , I~ ~A~ 113:-4-' ,:-B~n'''' oj _ RELIEF-VAL ~~ 5~ '" :. ''"''.'lL rw ..c.:::-x ~ . .. F.C, IV, VDSOI 2."' 

!'"' ." ~ 1f 2-RCS-750-205-2 17_1 ~~" ' l V VU:'C ~" 

., ""'., t'\. I'i!i§.'~'''' 8033 :.._ NOTE' ~~ ~.. tiD v I L:~~i~i:; 1~4 ~c;;.. i~~, I':.. T - - L.O: " \ ,1-' 00 _. _ i; . ~: N~i~p~6 ~f!!IJ ..... II!§. J.C-' r;r- , '" hWS.... SET AT <.485PS!G cryP) , '''If;b •• ;.. ~~ I M~ ~~ , V2 "" VlJ ,~3h!" 
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1 
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1/ RM-71B -,.""1 75 PSIG..., I, VESSEL ~ore..COI - ,_\, 1 S lV ---... i i'~ ---1MB .. " - ~-T78 ~ . --... ~~~~~~~~~~~~~=r::=i 
Ii! 1'1') t-, ... 1'>*' I'~ ~liJ"" JrT:',J~~P~1 rl ;1/ _ .... , c.'"""," ~ ',.., ~ U'is JOI~t[~ 8 :i 1MB 1MB, ~ CL-1502 t-+-l 
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< ~, 'JW • \-- ,- ,,0;' .. C -cc .p-- - -". ..1.-1/0' • .'~'''.! .. o..N _.- r..-,78 . r o '1.:1> ~7t~" ~~'S;~~,' :2C~l~'-1;5~O~2~-~4-1._i t-+-l ~ ",_' ,,' - sC-:~:ilcr-~:"- ,-FKS'001-241 . . .1. l::H.i ~ _~~ Z-RCS-001-263-'''JI_11 19,.1( - ~ 

"> RM-1I2A) ~" _~ -" fC /~~)ViQIi . -( ~LIQ Ij TO ";"';'~';: I J 1~4J~;~i531~ - -rPi~T\il f? ~ IH<;::{ I-~ ( '(TYP\r ....... AUX c.rr .... v,r, ,_,<$1/ ,J 
- MAKE·up· ~ LMD ;j;' '" I ~_ ,;", ORAIN ~~ \ r... ~7?' \~( ~X~ I ~ '~"i1.':.'~ -~:, .. ' _;·,,-,(Q_1 - -ui:.' '::v- 'Q.I'® .. ft": 
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",n SET~' iip~iG' a-Rcs-ooa J i1j1~ H~~ rc: ( 1.;<: ~~ ~~ ~ ~ '" I::> __ ~_. __ ~ " r2-RCS-7!iO~94-2(Z-) 4x~ ~ ~-:., RM-99F ~- PANEl. 
,~,~ ~ ~~~)~ NNS ,,&.-2 ~ ... ;: .~ (/J,.;.~ 5 "'HE 4 '2-RCS--- --~, .. , i-I~ ~:"78t f Cl LfFLEX HOSE NOTES! .:' ' 

.l!!!!iSC-2 2:rCS-001 _",., .... II ..... "" ..- _ r-Ts:i.; 8' _..... -.:.:. NOTE 30 I. ALL VALVES & INSTRUMENTS BY WESTINGHOUSE UNLESS OTHERWISE ! 
CABLE V~l!LT AREA __ ' I. ~:-~ ~) 2. ~g~EgENERAL NOTES SEE RM-75A - j®' 
CONTAlt"'i!cNT BLDG , ""'CS-750-290-4 NOTE r l ~ .:.:7 3. LOCATE APPROXIMATELY MIDWAY BETWEEN LOOP I!. PRESSURIZER. - t-r-f 

~ "'_ l ('t r-A ~ -,.. :f~Fr- - ~ "" Sf f- Sf ~C- .~ ~'. 4. r FLOW RESTRICTOR REQUI RED PER 2 BVS-939. . 

, ' 

So &/31\ a:. ~ "'\U" . ;1) .8 5. . ~~I;~ N i- ¥~ , ~ ~ ~tlJ/ 6. SEAL LEAKOFF PIPING TO BE SLOPED DOWN FROM BOTTOM OF 
-Z-RCS-ooZ-1I4-4 ~ 1~~m.:3 r: ~ If-~l ~;>.AC''ji f'-lT18 r- STANDPIPE. 

"8 NOTE 3 I" i'-.,2.W~, ILJ; S7. 'A 0 E BE 
~ (1~')i v\1 ~.t~ 2-~"'_111,1 _<~~~2 !/ ~'...... 1"--...... j "' ~7"''' :~e =:(Z-) ~~e~M~EL 9: ~~~~i:~R*;?~~r~~WV:LVE~ PROVIDE WATER S AI:: TWEEN 

VENT & DRAIN 
SYSTEM 

N V ......;;;' · r N<?,TE 4 . ~ !_: ~->: ' I tfJ' tl' ''''-''' 4 ! , 28 RM -99 A 10 ACCESS OR REACH ROD REQUIRED FOR MANUAL ADJUSTMENT DURING 
I ,.NOTE4_··T18 ~ .... '-" .... / II 'J ~.~ lcL-' NSS (A-2) NORMAL PLANT OPERATION. 

a..I!I02 ";'~D.-· T18 ,_,:>/u l·-:~I$ L 1'0.. .. A ~l !~A ::AT-l \;,.-.11 ~ 13 '. t.,_,,'- . II. PLACE DETECTORS /Ii SOTTOM OF PIPE. 
----. .z..., '- 2· -f ,- , .~v .. ~ 0,"-' . -2-1-1'/ TO . !"''''~;::I';;' " ,0;) ... ~ l(7-] 12. TYGON HOSE INSTALLED TU VENT PRESSURIZER DURING ORAlNING, 

_ ~~_ "lOTE --,- \' AN 0 FI LLI N G. 
I , .. "" 750-200-2(9-) I NOTE (I'-U I.... 13. DIGITAL· r~ESS.INOICATOR TO BE CONNECT~O TO Tl-lfS UNE OOWN-

<.III,... I....... STREAM OF THE SAMPLE HFAT EX':: 'AN&Eft. 
('IJ ~ ± ':::::-' (!~ r()TEI:.3'" 4 & 28 14 PIPING ./I.RRANGEMENT MUST PROVlDF ,t.. "lATER SEAL BFTWEEN 

± ~ ~ POWERED RELIEF VALVES AND PRESSURI7ER _ . 
12 15. ALL PORTIONS OF PIPE BETWEEN THE PRESSURIZER AND RELIEF 

1 A I'A HEATER VALVES, INCLUDING THE SUPPORTS, SHOULD BE INSULATED. 
V' V' CCtl1llOl. 16. ORIFICE IS MINIMUM OF 7FT ABOVE CONNEC1,ON,"0 Rep 

~-RCS-OI4-84-l(Z-) ./ J- 2 17_ FRQ4 Loa> 
23 

ffiOlHOOP 
21 L---.II~----<"_J < FIUtI LOa' IS. 

23 
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i~-·- _ 

19. 7FT LONG 6" SCHEDULE 40 S STANDPIPE BOTH ENDS CAPPED 
2.0, CONTAINMENT PENETRATION ~1, IS SCH, 80 CARBON ST~tL 

PROVIDE TRANSITION WELD AT CONTA.INMENT PENF."rR.ATIOII{ , 

i 4l~ , 
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[,-2-RC5-00s· 7.5-4 
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.;; ~ 
CIJI'CMl(T 

~ 1"-X420 I coa.l t«; IIATER i ? RM-77C 8-5 

OMB-+-IMB 

"- 2-RCS-002-lo4&·4 

2RCS11P21C 
REACTOR COIUNT PIJM> 

FINALIZED FLUID SYSTEM 

2FCSXP2lB 
REACTOR COOLANT PUMP 

(PCPC) 
TOH' 266 FT. 
CAR: 9~230GPM 

NOTES: (CONT FROM K·7) 
27.' . , 

28, FOR DESIGN DETAILS 5E':: 2BVS-920,SK-12241-P-Zi. 
29. THE HEAD VENT SYSTEM UP 10 THE FLANGE AFTER 

SOV201A/B IS SUPPLIED BY WESTINGHOUSE. 
(LINE NOS. 79,278,279,280,281) 

30. FLEXIBLE HOSE PROVIDED BY 2BVS-756 
31. TEST CONNECT ION FLG. WITH 1/£ SWAGElOK 

/\ CONNECTION. 
/31\ '32. BI..lND SECTION OF Sf'ECTACLE'LANGE REMOVED PER 

,ieECP\ -i I. 2.RINGPOP.T/ONO~SPECTACLe FLANGE 

l33. 'PRTNri""'HA!!; RFFN JV~l!. FROM CHECK VALVE"'" 
" ;i!i3'.·-SE.E:·-ECP-03 '" FOR DETAILS. ;....; 

,,, 
II 

. OUTSIOE CONTAINMENT. INS tOE CONTAINMENT CI:151 EXTEN.ns TO 
AND INCLUOES VALVE *V55 

21. 

22. SPOOL PIECE PROVIDED 1'0 F,~.C1L1TATE REMOVAL OF SAFETY VAt\'E. 6,_ 
23, @DW')TES EQUIPMENT SUP~lIED BY S&W. ... .. ...Lis-f 
24· TI-ERM!o\. SLcc\!1:: ON SP~l\Y LINE IS TO BE PROItOED' BY S&W PER j 

2BVS-58, n-lERMAL SLFEVE INSIDE THE PRt::SSURIZERNOZZLE IS 
10 BE PROVIDED BY WESTINGHOUSE, 

. . 25. • ' 
26. PRESSURIZER SAFETY ANO RELIEF VALVE DISCI-!A~GE Pi~ING(6 M2") .... -+~ 

FROM THF VALVES TO Tf.lE ,I'PT IS 5HOWN AS CLASS NNS,BUT WILL 
BE FABRICAT:::D AND INSTALLED TO ASME m CLASS 3 REQUIREMENTS 
USING SA312 TP 316 MATERIAL BRANCH CONNECTIONS 2 INCHES ANO 
SMALLER WILL BE FABRICATED AND 1NST.6.LLED TO ANSr E!31 
REQUIREME'NTS. 

(CONT AT H-9) 

REFERENCE D'YGS: 
REACTOR COOUNG PIPING 
RESIDUAL HEAT REMOVAL PIPING 
COMPONENT COOLING ~TER PIPING 
Cl£MII. YOL CONTROL PIPING 
NUCLEAR EQUIP VENT & ORAIN' PIPING 

. SAMPLE PIPIN G 
. PRIMARY GRADE WATER PIPING 

"GASEOUS NITROGEN SYSTEM 

RM-7!:iA 
RM-76A -t-+-f 
RM-778.C 
PM'79C ' 
RM-8S1A 
RM-99A 
RM·1l2A 
RM-71 B 

8 J 

... 

TDORAl~N~RkJR~Mt-~89~A~~~~~~\~~~~·~~e~--~ ... "' • ..., A _A" ', ... , . A ' " . I-6 .~".-.,./ 

THE INFORMATION ON THIS DRAWING MAY HOT BE 
COPIED 011 ustD fOIl 0TIt€R THAN THE CONSTlIUCTION, 
MAIIfTEIW«:t: 011 REI'MI OF THE PWIT fACILITY 

NUCLEAR SAFETY 

DESCRtNO IN. THE TIfLE JII.OCIC. O. M. FIGURE 

9 

TED 

C"£NOC ARSTENERGY . FLON DIAGRAM 
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WCAI • DATIl Z··I 2.. 72. APP. --:- 1 __ A\ __ 

,oc... ,_. ¥Ut' \ALLEY Po.YER STATION - UNIT NO.Z 
.--~= ____ '"""""-:::'~=~ ___ ~--I NONE ~~T;" naCT~ 

STONE a,WE=~N~~:~RING CORP. ":r. ~) AA No.fOO8O-RM -75B 
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lf2lf2l8f2l-RM-76A. 
A B I c D 

v 
2-.RHS-700· 2 -i!Ac)--.j 

6"x4' 
,RErl---. 

3"X4" 
REO--~ 

2,..CCP-OOI-9S-3(A->____, 
2-CC;P-OOI-97-3(A.:) 

SEAL COOLER 
2RHSIIE22A(A-1 
NOTE 7 

COMPo COCl.ING 
WATER TEM 

VSLO 
''--. IO~C 74 

"'-~-T7S r---o 

. 
2RHSM 
P21A 
(AOI 

NOTE .3 
~NOTE 14 

_'x-T7a 

2-RHEj-OC)3-9 

, 
,:;.;,;0;":-:-= W19 .".;,:;; ri--23 &. 24 

NOTE 16 AN"T 1-1I!5-2(A-l 
C\.;1502 ....... 1"-

2 -RHS -00&15-4 ~-<~:7§:A<rH .. 5) FROM LOOP NO.21 HOT LEG 
Cl-153 

!'RHS-OI O' 5'-211~-J·-"1 

VSLO 

74 

RESIDUAL HEAT 
REMOVAl PUMP 
22STDH: ~OOO GIi'M 

, I 

3xi--"" 
2-RHSo002-9I-2(A-}--' 

2-RHS-750-78-2(A')-~ 

v 

RESlOIJAL HEAT 
REIoI(1,N. HEAT 
EXCHANGER. 

1-6 
RM-77 

RESIDUAL HEAT 
REMOVAL HEAT 
EXCHANGE'R 

5C-1 

RESIDUAL HEAT 
R£MOVAt:PUMP 
225TDH; 4000 GPM 

2-R HS-750-088-2<6-)----. 

2- CCP- 024'721-3lS-' 

SC-2 2'CCP'OOH02'3(B') 
2-CCP-001-101'3(8-

NOTE 7 

£C~~fb;§2::L-I_3 RV76LWB. 

6"X "~ro.::;: SET. PRESSURE 
4' 450 PSIG 

2-RHS-750-71- 2Q3~-i 

2RHS. 

P21-B 
(BP) 

1OSAMA.E 
SYSTEM 

2·RHS-500-97·4 

K-6 

r2· DGs=iiioo·· 216-4 

~i "A~17 3-) ..... NOTE r~~~~~2-~ • NOTE NOTE 17 1" NOTE 
2-RHS.OOI-1 TO CL-1602 ............ ,I;G 

NOTE 30 
-NOTE 14 

!-T78 
2.-RHS-002-94- 2{B··}., 

2'RHS-7S0'64-l(8-) 
NOTE 10.':.071 

78PB 
2-RHS-OIF6-2CB~ ,2-RHS·002·93-2(B-)·---::--" 

~IKI"'C 

2:- RH5- 3 'x2 ·_..,.....;v 

E 

lfl1S* 
E2IA('A-) 

F 

, 
z·CCp· 024-718'3 CA-) 

____ -1~~~g FROf.I COt.lPONENT 
COOLING WATER SYS. t-s 

2-RHS-750-087- 2(A-) 

G H I J 

NOTES: CONT'D FROM (L-S) " 
26. VALVES ARE WIRED TO ENABLE MANUAL SWITCHING TO 

ALTERNATE CLASS lE BUS. BUS SHOWN IS NORMALLY 
CONNECTED SUPPLY. 

I 

27. LINE NUMBERS (SEE BELOW) CONTAIN A SCH (SEE BELOW) 
SPOOL PIECE. SEE PIPING DRAWING(S) FOR DETAILS. 

LI NE NO. SCH ADDED 

2- RHS· 010-16- 2 160 
2-RHS-Ol0-10-2 160 
2-RHS-OOS-15-4 XXS 
2-R HS-O 12 -lS-2 160 

2S. EACH MINI FLOW VALVE (2'-R78PB) IS LOCKED IN POSITION BY 
A CHAIN AND PADLOCK IN CONJUNCTION WITH THE VALVE 
LOCKNUT. 

29. TEST CONNECTION FLG. WITH HZ' SWAGELOK CONNECTION. 
30. TEMPORARY STRAINERS 2RHS-STRT 116i 117.INSTALLED 

DURINfi> INITIAL FLUSHING OPERATlONS,HAVE BEEN 
REMOVED AND REPLACED BV Va" SPACER PLATES. 

'""'F===t:;: C l-602 

2RHS* 
EZlB<&) . 

r2-' RH:S' 010-16 -2(A-) 
,-,.,-RHS-750-82-2 (A-J 

rT78 2'RHS-600-108'2(A-) 
cRHS-7S0·81-2 (1\- NOTE 22 
2-RHS'OO8- ~!Y 

t---;(L-602 

-T78 

1 ........ ~!-RHS·SOO·109-2(A-) 

Vl1(A-) 10 -GMil\SSI~, 1-2-RHS{)fID-2;5-! (N) 
NOT£3 l=iH:;;;-r l~~~H-8~-,--~-~lt-----~--:r"::':":~~~~~ a-8 

_ NOTE 5 TO Lea> 22 COLD LEG 

o VIA ACCUMUlATOR LINE. '-2'RHS;-750I-"O-2(A-) -2CA') 

"'"~:@)D 
Z-RIis-50Q-52-2 (k) . ....,/;;l,. 

2. RHS· 750-900-2(.A.·) 
2-CCP-024-72Q-3(e-) 

I--..-

~~~-----6 
t-fI---I·-'-__ ---<,.:.R.!..M=~_7."...7B.....,.f'lOM co::wr .--~·RH:5-750-IOO-2,., ~ 'RHS-'7S().9Si=2{:Z-)}(8d~ SET PRESSURE "2- .....;(.1 ..... ---'455 PSIG 

S ,,-cI01-901- 2( Z-) 

S~;"&lf.J~~)1O CHS LETDOWN r;: FOR Cl£AN UP 
I ~\, 22(:Z-) ;t-l'-i2-R~IS -i'5O-!~9 -2lZ -Le L-3C)2-..1 
I • 21 3'~T78 

NOTE 29 4' lfp.:!J 
__ -I--t:'RHS-750-I07-2(B-) 

2-RHS-75Q-103-2(Z-) 

r,-~2;~~~~s;?i'lc;:~3~:¥ca-) 

~-T7a 

2-RHS-7S0'S6-Z(Z-)-"!' 3"-T78 
4 

LM 

THERMAL RELI EF 

ADC 

OUTSIDE REAC.TOR 
CONTAINMENT 

MOV 2-RHS-750-I02-2(Z 

l:T7S 
>::tI1f-L( 

rCL-302 
RHS'004- 25-2(Z-) 

INSIDE 

TO SAMP\.E 
SYSTEM 

'-2-'5Slit-37!5-IS7-2{S') 

v 
V 

2-RHS-006-

'-"':";:>LV. 

."'._T 78 
RHS;-75IO-105-2(Z') 

'-2.-RHl3-750- 62 -2(B-) ADC 
1--2-RHSi·OO6-8-2(B-) 

~--I-*V26(B-) 

.r-II-- 2-RHS'SOO-II,-"",-

-T7a~2~RHIS-750-104-2(Z-) 

NNS 

Rt.t 821. K-6 

10 RmJElING CAVrTY 
OR FU£t POOL PUMPS 

• -''if-T7a 

Cl:6(1i!-..... CL=1502 

NOTE 5, 
B-6 

• 

K L 

S&W SUPPLIED VALVES . 
1 

V,IlLVE MARK PIPE QUANTITY 
I D.ENTI F I CAT I ON NUMBER SI-i£ Of VALVES 

V 1,15 VOW03D-S-2 b" 2 , 

V2,} VGW060-X-2-C 6" 2 

V4 VON030-$-2 4" 1 

VS NOTE 20 VOS060-W-4 }" I if , 

V7.89,IO.1I.J2J3.14, VSSI50-A'2 1" 14 2q21, 23, 2~/25.2G 2' 
2 

V 16,17,18,19 VGS060-V-4 J! 4 2 
V27, 28,29,30,31 VSSISO-A-2 I" 5 

V22, VSSISO-A-2 3" 1 4' -
V900 VGS060-V-2 r 1 

3 

-

NOTES: 

1. THE CONTROL EQUIPMENT MARK NUMBERS SHALL INCLUOE.A PREfIX'WHICH 
IS IDENTICAL TO THE SYSTEM CODE PREFIX ~R THE ASSOCIA~ED EQUIP-4 fr-,~ 

. MEHT OR P II'E t I HE UHLESS OTHERW ISE NOTED. E~AMPLE: 2 RHst-TEbO&A.. 
2. LOCATE I$OLATION VALVE 'CLOSE 'TO' MAIN'HDR. ; . 
J. LOCATE ISOLATIQN VALVE CLOSE TO ACCUMULATOR LINE. 
4. 
5. RCS PRESSURE INTERLOCK PREVENTS ISOl.VALVE OPENING ABOV!425 

PSIG: AUTO CLOSE ON PRESS.RISE TO·750'P5IG. 
b. WESTINGHOUSE VALvE NUMBERING SYST.fM IS.·IN ACCORDANCE WITH IfIILVt-

t 
REFERENCE GU I Pf. EQU I PMENT SPE;C.b77473. . r-t-i1 

7. SEAL'COOLERS AND~· PIPING INTEGRA~ ,WITH PUMP. . 
8. ALL VALVES & INSTRUMENTS SUPPLIED BY .WESTI NGHOUSE. UNLESS OTH~R-

WI·SE'SHOWN. . • ' ··'i . . 
I 

. , 
10. WESTINGHOUSE CONTROL EQUIPMENT IDENTIFICATION NUMBERS' ARE SHOWN S 

. I N SQUARES ADJACENT TO SALDONED MARK NIItolB&,RS WHERE THEY ARE . . '-~ 
DIFFERENT. ",--

11. * 'OENOTES NUCLEAR SAFETY RELATED ITEMS. 
12. THI S SYSTElI WI LL 8EMAINTAINED TO CLI?ANNE$S LEVEL'B-IN 

ACCOR DANCE WiTH 2 BVM-62 
n. €)oENoTES 'CONTAINMENT PENETRATION "0 
14. CONNECTIONS ON PUMP5UC.TION LlNSS 10 BE 

USED FOR ADDING PRESSURE INOICATORS TO MONITOR -
STRAINER PERFORMANCE (SEE NOTE 30 ALSO) 

15. ADJUST VALVE IN FIELD TO ESTABLISH MINIFLOW AND 
lOCK IN POSITION 

16. 3/a"FLOW RESTRICTOR REQ'D PER 2BVS-939 

17. PIPE TO TERMI NATE t"ABOVE FUNNEL TOALLOW 
OBSERVATION OF PUMP SEAL LEAK OFF. 

la. METHOD OF CLOSURE FOR LOCAL VENTS, DRAINS, TEST 
CONNECTIONS &CHEMICALCLEANING CONNECTIONS 
SHALL BEAS SHOWN. REFER TO 2. BVM-211 FOR ADDIT IONAL 
DETAILS. -. , 19. ORIFICE FLANGES WITH SOCKET WELDED TAPS ARE 
PROVIDED FOR ALL FE'S. " ! - . 

20. THE FOLLOWING SUBSTITUTION 15 ACCEPTABLE 
VOSOIS-A-4 FOR VOS060-W-4 

21. LOCATE LMVC*VZ.Z.) AS CLOSE TO 2CHS)(HCVI.42 
AS ~OSSIBLE. 

22. FT-6Q"6A&B ARE USED FOR RHS flOW RATES <2000 
GPM WHEN THE Res IS IN PARTIAL DRAIN AND ARE 
ISOLATED DURING NORMAL PLANT OPERATION. 

23. I" FLANGED CONNECTIONS TO BE USED fOR POSSIBLE. 
CONNECTION OF PRIMING SYSTEM. 

24. 

.. 
CONNECTION TO BE PLACED IN THE HORIZONTAL RUN OF PIPE . t~+ 
AS CLOSE TO "T" AS POSSI BlE. • ••• 25. CONNECTIONS 10 BE USED FOR ASMEXL TESTING. LOC.AJE VALVE 
AND FLANGE so THEY ARE ACCESSIBLE 10 PLANT PERSONNEL. - I-f-J 

CONT'o (H-1) 
REFERENCE DRAlNINGS: 
REACTOR COOLANT PIPING 
COMPONENT COOLING WATER PIPING 
CHEMICAL& VOLUME CONT. PIPING 
FUEL PIT COOUNG & PURIF. PIPING 
CONTAINMENT DEPRESSURIZATION 

RM-75A&B 
RM-77B 
PoM-79C 
RM-82A 

~J~fY INJECTION PIPING R=:a~1 
2-RHS'500 -74-2 (8-)-/1~ RHS-500"75-2{B-) -001 NOTE 3 

.L-:2-RI,-IS-'010'-10-2(E3-) 2-RHS-750-55'2(B-) 10~MBB SEH TO LOOP 23 COLD LEG 
VIA ACCUMULATOR LINE 

NUCLEAR EQUIPMENTVENT&ORAINPIPING RM-8BA 
SAMPLE PIPING RM-99A 

12-FEB-2002 13,34 

C-6 
-1IM-S9A 

TYPICAl \w'VE STEM lEAK-Q=f (VSI..O) 
),RRANG£J,f(NT 

m,\u2\rm0760,,0.e23 

Ie " oIl:>.l'r'" ~*VIO(B') 

SYSTEM SAFETY .CLASS 

~ NNS 

TYPICAL VENT 8. DRAIN DETAIL 

@ 

cRHS-CX>3-9 -2119-)-'" 

'"'~ 

L.-:~-R~fS· E;Oo- 53'2(B-) 
2'RHS-500-54-2(B­

'-'~-RI-15-S00-1I0-2(B- ) 

.. 
i'T76 D 

NUCLEAR SAFETY RELATED 

FINALIZED FLUID SYSTEM 

THE INfORMATION ON THIS DRAWING MAY NOT II 
COPIED OR USED FOR OTHER THAN THE -.ntUCTlOH, 
MAlNT£NANCE OR RE ..... IR OF THE PWIT FACILItY 
DESCRIBED IN THE TITLE 81.OCK. 

• 

ARSTENER6Y' FLOW DIAGRAM 
l~~~~~~~~M~~~L£~~:R~~~~:~~n:N5~[mP.~~N~Y __ ~~R~E~S~I~O~U:A~L~H~E:A~T~RE~M~O~VA:L~P~I~P~I~N~G~~3~ r-: Vl« 

SCALE ~O:;;;;RA:':;;WN~: ....;:~~~::::2/:.::0::..2 --+--------1 BE A V E R V ALL E Y POW E R S T A TI 0 N NO. 2 ~{j 
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,....... ..... 
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No. 10080 -RM-77A 
I I I . I 11 I T'T 

'0 . I', '!. 
I H I--~--~I------~I----'-'-~-~-'R~------II------~K~--------------~L-------I--------~ 

I I I 1 I I I 1 I 1 I. I ,,, J I I T -I I I I I 

'i;.. .,. ~ 
I I I 

C) 

@ 01 

A I 

PRIMARY C(Jf'(H;NT 
COILING WATER 

SURGE TANKS 

B C D E 

CLI51 CLI!;'! 

-2-VAS·002-005- 4 (C-7) lItV! \"'\0.. VF\J1'tlEL 

r----t::-I-.,----L-!~~--...:)~ RM-89B > TO (Z-) 
1 ~ '--V706 FLOOR 
L..--

YF--2-CC P-150 -50S~4 DRAIN ~-2-CCP-C01-900-3(Z-) 

COIiTAlNENT ATJON· 2-CCP-Q02-4-3IZ-J 
ccn.ltIl COILS CL 151 - V.-a..VE MARK PIPE 

~""'V2-CCF'-00 3 -A27 - 3 (Z -)) I :lDEl~NTi-I:..:.F:..:.1 CA:.:..:.:.,T:..:I ON::.rvcf,NU~MI~ERi-fiSffil Z;;:E+Q.J_ANT,-_I TY-J 
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HEAT EXCHANGERS ,.., 151 CL151",,\ e ~ -v _~ ~'I'C'~"I~'-~l'(' "-~1 MONITOR 832,852,856,969,970, V835,836 

I_'-f.) r-~!-Cc:p.~-nOI2-495-3(A-) rAn" ",a 'A ~ '-LIO>I'-LI::J.> ,,_, §~~~1.~977,978,995, V844,845 VGS060-B-4 1/2 " 
VCI015-A-3 6" 2 

2 

""'>~~RM~-!77~A=::).JLCt::;~7~~~:"1.+--r--;;;~J;3-r---Jd-r1 ..--CL 1,,1 2-CCP-750-DI6A V838 VGWOI5-A-3 3" I V833,834 .:. , *"~- * ,--101/' ,- ~ , V410,534,849,811,813, VGS060-B3 3/4" 7 V420,601 

l 173' ~?RP ~ C·_I"'- 809842 V436,453 
f.-..,,",,"\~i. ~~~(~) '\.::.7BP) ~ ,~, . V839,840,841 VGS060-B-3 2" 3 
(~ ~ if- V84 .-: ~ 0 -S---I( '~I.V.I ) C" 2-CCP·008-328-4 3/4" V419,569 

_ "). / '-' 2-CC poGO 2-8 53-3(A-) ~ f-'V..:;.3..:;.8.=18,..:...3 8-=-9'----____ -tV..:...O"-S"'0:...:6:...:0'--W'-'--..c4-+-----'-'-----t_--=2'-------IV 4 3 8,4 3 9, 4 4 8. 449, 456, V GW 0 15-A-4 
~ 010-321-3("-1 2.CCP-Q1O-392A --' V 390 396 VOS060-CZ-3 3/4" 2 465,457, 464 

6' 2 VGWOI5-A-3 
VOWOI5-A-3 3" 2 
VGWOI5-A4 6" 

2 VGWOI5-A-3 
2 

3" 8 

1/2- ·8 
SAMPLE 
COOLER 

AUX BLDG 
/

2-CCP -75 0- C6 2-4 L'V'-:4=-=0:..:7 ______ -+V.:,:0::::.::S:::0::::6.;.0....:-C::...-....::2+--.:..3/.:.::::~,__" --+_....:1~--IV 800, 80 I , 802,803,860, VO SO 6 O·C 4 

-?~(""I [r.~5~===========i~~~~~==4~'=' =i===1t==j18~6~1,8~6~2~,~8~6;3~~~~~~~~~~f=i=~~~al__I_~ ".----/"::0 /: .~P-001-426-4 V7 1 VOW015-A-4 V446,467 VOS060'C4 11/2" 2 
RM-43B <E .. ~-'----c}--'--------. V929 VBWOI5-8-4B 3" 1 

~ V409,411,412,413, VOS060-C-3 3/4" 14 
(0-9) 2'SSR-001-790 0 414,808,810,812,847, 

SAMPLE 
COOLER 
RACK 

848,982,983,984,985 
[V843 

RM 99A V415,416,417,418, 
- 2-CCP-004-520-4- CL 151 804,805,806,807 

(F::.~~ V751 2'CCP-OC3-329-4 RO 
3"X4" .1 f~),,- . CLI517 13 r2-CCP-008-328A V401,404 VOWOI5-A-3 6" 2 

RM 99A L'/;"'--T '..,;~L..l..-o---lT-_I-r-..L..L....-II~_::J-....L-------1--------:----------'-....III.-----, -V453 2-CCP-006-3~a . .r, 

1/2" 8 VOS060-C-3 

2-CCP-750-38B-4,J' U) 130 I C"l 
::. 2--CC P-750-938- 4 -... gai, 3 

_l~~1)' A~~ ~ 2«pq50-844-4~ H~l~/ ___________________________ ~ _____ ~. ___ ~~l~~~~P~'~ ~7 

2-SSR-3751-4 ----....... U ...... [Xl I r--~ 

TO ---------"'" Vl ~ (}T:;:;;;:-;;~;';;::1r;:;;:;~:;::;;:::-';f.:~'~"'4'A V602 RV\sET PRESS o..8~ t-H 
SAMPLE RM-99B /' :f! - I -2-CCP-OO;'-373-4 2-a:P-150-371-4~ If@."" 1511.75 PSIG ecL~ 
SYSTEM f- ~7 -----... ~ f_V){t6PRESSURE \ N'UU 

"" -, V' ~ .~-V358 '-:'-:::::' PSIG .3.".3" , ' - ~'--I 
(f K-?l ..J 2·CCP-750 -844- 4-----""'1 UA.... ~~~ J 

r---+--~2-CCP-OOI-B64-4 U .... /.>"m(Z_) @Ro\r---:=-1"'-2-CCP-003-8€6-4IV,605_4-,..'" _ ...:!.tJt.,,_,( '--,/ ,4X,,(~, ~r. _~® 
'\'/ 2'CCP-00I-C31-4 r~_---"~o.r--CrCp-750·C57-3(Z-) 115 V TCN " ( "A~" W2-CCP-a75-C73-4,\ .... -- ... ® Z.CCp.. TFL DRAIN 1\ r 

,r if- ... n 4 ~ ,';i;::; 'e. I.J; 
.... --.bl''RR-!'~~,A·:i'IN ;1 \I,~~ '\ 2-CCP-006-333-3(Z-l""""\ f' 'f ~ (,~i6.~\Ji----;~ )I:)(~ IIV ,\.,! f 2-<::CP,001-866-;p. /" "" 

, >J.t:>-i/r,l., r-- "'-::7 A ,- - '-2-CCP-001-B53-4 
~2-a:P-750-701-3(A-) ( / sf' PRESSURE 12~, 2-CCP-750-D04-4-' v 36 . 2-CCP-""'" VA ,J 2-CCP-750-B52-4 + 

-It') -, 
d 

'--~ ~f--.... r5",C:...PS~I::.G:.. - 2'CCP-15COL-3156)18~-41~ Itt ~ _ ....... A Vr2-CCP-158-B~-4 "./ 

~ ,~ 2-CCP-00I-B65 *-4 CL 1511"\ 2CCP 003 () 2-CCP-750-BII -4' - ~'CAPPED V'''''~ -cCCP-003-:1f':"'1 2-CCP-0 1- 4-4 0,1 
2-CCP-750-704-3(B-)-+, .,.,.-;- - -334-3 Z-" ~~ , V u GASIFIER r: 1 " 

r)( t-""-.,.:>---' ,. 2-CCP-002-BbB-4-'~ ,;2-C'C~P-002-867-4 F L DRAIN ,-2-CCP-006-358-4 NN. CL -151 .L CIRC PUMP _r..' 

8:2(Ah+-,~l:J.~d~~Bmlr>~13ili:='1i--1 FLOOR ~ ~~'" . 2-CCP-001-810-4 ------ ___ (TYP4 ~':-_C.ES) ,,, V824 2BRS-P22B to 41--+-1 Iy-----:, .----I....a..L..l..J-.. 1~"''''tD\J"\ ;:::!L,:)A", .. , U .vB22 Sl * 9 R ?(, .. ,J'. YARD T .. INI\IE DRAIN ,:. -, ~ -750-7A~ ~(7- -1----,...- SET PR 'I':'_'!. I E22A,E22B :>IV IFIER' -- > 
'_7.','.~_~ 2-CCP-001-C30-4 >L-)< . -. riel-lSI ~D ... .P~ 70 PSIG \IC:~ DEG'~-:IFI'<".1 ID .}<",,.,. ,."'~ CD II> 2-CCP-375-B4B-4 

~ -2-CC P-750-950"_"-_({J SET "" .... ..on ill "'''' """" N 
*V984 '-------- PRESSURE r2-CCP-750-854-3(Z) i 'l>jio V959 h r~P-001-B75-4 V:2: .., -~ M TRIM COCLER E:l ~,'""'::l DEGASIFIER 

2-CCP-750_95~1_l!i~;. . _" 150 PSIG *VB42(Z-) \/4"'7- _?_rY _.o.RI_4I,2-CCP-0Q3-;se1-41/ 362-4 2 C sa -YOLI -,. / If' VENT CHILLER 
YARD TUNNEL ,)\1 .." 7 SET -~ nV'l'\' '(RV'i :(5r;. '0: iii ' .~n - CP-003-~;..::::.:.j",,\,'1' iIIN ,~ ""~ 

"'!'',;';~I/l-:o.- ---- . PRE~~ V tTl,... )~_V"~II... N·~~~~~l. N FUE B r.r.: . n -{OO 0 150,..!:"",v r~R.O:\,-~ 1~) __ VV\1150 PSIG"" . PR l~./ - .... _\~~.25 L Lv",. (~1!7J?C 'L.......-t L- .r >" "1 /___ _ ~~9 II v PRESS_ "DI''\ ~1'1A';;V" --7' .,';-:'-;' .;:::: ..... , ' ...... 
.. ~,~~,- ~V410(Z-) @'-.(:)f-',o':-;[-< (Z-) ~ 14, ) '~'~~I '~:-'-" ~_OOR ~V 150 PSIG/p\I""\ ~ D I-IA\ 1:' "\13~ / NN5 SET PRESS_ ,>--'J PSIG ,x::.:; rri'\ ~ IN lTd 238 1135al- ( '0,.-;;-- -of IL_---'~·J 

~J) . - A< "'" (Z";: /..... 150 PSIG 'i' t.- ,or A J I. ,it9Q ",' ~r. //A' -:;.Io.il IZ" .. ~~ cr... . .. ('I '-...../. ' , L--..·2-C:CP-001-B55-4 
2.CCP-750-70B-3(Z-I:-=\. (~~ (th ,..K;! :)..,,-, DRAIN .Y. ~ .vv oJ. ;>' FL ~v'3Yr( "" TE ~2-1 ~ ~'~7-.. ~~ '''A • J,j)2-a:P-00~-~:~ ~~, '\ SI ~~s'911 ~ '-...../ '--" n· :;...----2-CCP-002-A61-4 

.; ':., \1 C-J'o .c~ ::::::P-750-713-3(Z-) v~ DFfA~N ~VjO' 3-'~~'RED. ,., N'" "'" ,,,,,-4 - ~VBIB DRAIN " TC~",."'a ' )-4~ ll-- 2-CCP-003-37S-4 ,v467 
ioN ... , 7<V41117-)-' y 51 -2-CCP-001-B57-4 -~-C' )v1-,?7"-A (TYPl / v' ..... ,J /11.-.: I. 

FUEL POOL t.. -:0" NI ___ 2-CCP-750-758-3(Z-) (""r:P'::"i:::i-;:;-";7;:~ ;' ~ '-(""(""' ""''- !.... V 'i' .", /'-l I FO ,-~ ':., ... ':'-:!2-CCP-750-B49-4---.... 
'L ~ HEAT EXCHANGERS __ II '",Un!C_) *Y84f\L-r ~ -1:"1 SEAL WATER ...0 .... .., .. - -r "I.J -1'"1 .,_ 2-"""''' 7~ -,,'. ' ~. ...+3D ..... 

L....q,r ~ 2Ff£.E2IA-2IB ~I ~ • V..':',::'I';:, I,~ ... ~",,, ,,"',. lv DRAIN I£AT EXCHAta;R Ivf<,;,~ ~V856 ~DEGASIFIER D~:" 4V814 'I'.. • ~ -t--+ V ll'lm} ,..rL.: ~TYP). 2;), ,[V465 L 

5 

~'iP' 
'. I:!') --

2-CCP-750 .,~ .:'(f-)-,,\@. iN' C?.-v,.~"-l. ,,~) SIfV~~) 2-~7~;G;:~~ - ___ ~ V ~ Tv, .~. 1I~'75:" .. (Z-) ~~,,:I~'::-B,\UILER ~t' ~ 'n~r-~""_'lo~L!J ~ ~E~S~~~ER e ~i~~l6~~RE ~V6~1--\J)\j I --- '--_~-CCI IV'I~ 2<)7~.. ® __ 
• L....~,... l::1 '(D HEAT EXCHANGER N "" ';'7, .. 2ASS 1:""1A >'1" ~":"./ L28RS-P22A W ICH'UER 'l' TRIM C LR. ' 150 PSIG '.j -, A ~ '" 

T ..J,r' -Z"CCP-750-757-3(B-) ~ J ~ ~ *~:1~4'X:3'(TYP) -.lI...£ ,000 ,VV~ 11."X1"~~n. Kl (01:') ~ i .~~_817 I 2-CCP-750- '0 2.2-C~:.C,~P'-(>CI.13~:!:i.,"2.,~"9-'~$-- 'o~ &''ijii:; 2-CCP-002-850-4 / I -I-·I:·~ 
*-(.1'AI,(;.:)iJ .....J / ."(1:1_\ 2-CCP-750~57--3Z-)!I! r- L * lV, r (z-) vEl51 ,'Tr1' 2 ~ ,''''' A rw: ,. ~ :lL -~I\i (TYP) CL-15!.=\ '~~'j 'v :~~c: 2-CCP-750-D07-4 

/ ,~ , ~ -I~ :..!. ~ ( IJ:J' '"" ~:A' [):-'" ...... -D' ~ 'i' M~ ~ \ V472: I\' '" sg f?C p : .. ", tEl f 'A -.L. 2-CCP-150 -374 -4 

. (TYP) ",V401 2-CCP-750-7 ;~J--' I (TYP) :O!~ I h 'r£-CX;~, ,~ ) rTj"wl .DJ } (,~! ,I ~'-~----J "" .... A"" I C:~;;" ;I~ 2-CCP-003-365-4 ~ ~~ , .. D ~AIN / \/"''''' ~E-V"99"B--I 
(A-) [B) --.J 2 CCP 00 ,~ d:' --: ~~ , C;,"" I.)AA y '" (~~I V971 2-CCP-750-B46-4~' 'Cl '-J " Ao", IT"" ~ ~ D. ~'-:~) ""Ytl4:;_" _ " ~" :;:;: rv-.. An.... . 

2-CC?-500-762.-- ,'~ , _,*ve06(B-) - - 6- • \~ st a . '''(Z-) '.::../ ~2L @I ~ _"3'" II _(pF'l1 VBI9 ~L_ 151 ,~ -, .r'-~c~ I.., -~L.I ,~..., ~~~ 2-CCP-750-939--7 . 
ilV I "-, \~ 2-CCP-500-710-3(Z-) CL_151-.",V~Y 176 -- "~~""A 1L'hip)REI~V~ p'-. .152 (:m: ;@.1i0.: -ffi ~ r VB32.· 

• ~~P-500-760-3(A-) J *y.4.I!;- \ !~ *V.4.1.S-,r -2. -CcP-500-7IG-l;Z-) ... -y",,,,,, YO::J!' ji ... "".. C;L 153 ~~ ~ i~a) 
(,/f-F," ,!f, ~ ::\ lZ- ~ lZ- :~ . 2-CCP-002-B47·4 -./ 1 -~ I" '1 "-../ 2·crp-750-B~1_- 4:::' '- -......., ~-A65-4 .• ~~ 
"'=-' ~~2.CCIP."5("")"O""-761-3(A-) Y :""',~1 -r- ~0"""'~ ~/.::...; ?-CCP-750-D06-4---t 1.@,-<.t--FO' ~-CCP-~~~-A~~-4 /' #, #.~ ...... w -4 V603..J 

I .I'fA_' (R~~~ ) ,-"" ! r. ( ) 2-CCP-002-870-4,' [, ~ _I I CD 
L-.iJ"a:;J-I"lln-, FUEL ~ f~ f iV S07(8-) .• \lOlli-\ ,~) - .- - , , " .:i.. ~\."A'" \ \1 ... ",0 ~ '-P-750-B78-4 or( OVERHEAD N 

.. *"(JAA~O~!~5-?", 8 LOG ..,...... -~ T" . :.-.. ~ ... :.. I (fJl~I) ~ V6 4~ 6 )~~~ SET PRESSURE fi GAS 'f 
FUEL BLDG_ ~ 2-CCP-500-763-3~; ,,_ 4(Z~j '\i~ 17_' -(~~~ ~997 'fv~ " ... - A~ 1/ L '------'" 150 ~;I~B79-4 i. COMF'!S:RS I NOTES 

I. GENERAL NOTES SEE RM-77A 

6 

-t-+-t 

,- 2-CCP-500-7111---3~{(,/~-I,------i~~i1 V,,"V420lZ ) ~",,' '" ,,J,)',,Y YARD TUNNEL I)j W'':''~ . - .. - .-.. '\l J69 7< - w",aS ,- ~ROM .,I..L~ \ 2-CCP-003-366-4..:=..(,'l .,... r -2-cr;P-001-877-4 [:...~/ 
! -y' '\ \1~J.l '" '" z-) 1[r*Y§OJ L- ~ ., 17-3(l-) . V859~ SAMP~~~~~LER '2: 2-cr;P-006-39"> , "" ~ .,JJ. 

in i -urp-750-953-3(A-) .,.' rrF'-750-951-3(B-) ci- J5;-r: f;~19 f (z-) V801- 2-CCP-750-B76 r'v-~~ 1J.~:~.';.,;r".J "N" 

2. # DENOTES FURNISHED BY(AMINC0) 
AMERICAN INSTRUMENT COMPANY 

3, •. I~DICAI:':::; [,SSIMILAR MEI':"L WELD 

.!..t-........ @. 

dec, : *V53.d(7-\' 7 rt \Z-J V . .rV831 G;?'3V",)" ,.~AI,_."" ,,2CC·P-CIG-~. 7....V"./""""~:X,RED. 
N ~ ~ - SET PRESSURE ". [, r~-:'t!iO-;'84-4 1~Y-2_M"~' .1,[ -4 REFERENCE DRAWINGS: "'
.n 2-CCP-750-A3":;:.,., F-.... ~\...1 f', *-' !:;:>_~2J;U '14 ~J-/ ( .~ 
.c. 2-(CP-006-390-31Z.

'
- / <1'1 I 150 PSIG C L 1 51 _, ft4-77A -

YARD TUNNEL 
AUX. BLDG. 

..... 
.... 

CL-ISI _--, 

2-CCP-?J=-Si 1-3(B-). 

RM-77A 

r'l.-V833 
fA-) 

Ir*VB35 

g ~-". _. _. ____ ._. :il;::' Flrv-".. - Il. 'f,,~__ ft4_77F_COII'CJoIENTcoa.INGWATERPIPING 
, - ... ,... nn r-""--~l2'-) .., """ ""'" ,,"'., A a: 2-CCP-750-864-4'"7 nRA '- IfCII:15jll rVB2.9 ~v".:.u fIN . 

U
ll "', ~\I I )-001-867_~<l. '--'-ill -99A - SAlf>LE PIPING PRIMARV _-:1"-__ ---------- _ RM-99B " " • 

.,:. d FROM SAMPLE (0-9) a.-lSI 0 CL-TNSS CL-151"\ ~ RM-43B- AUX STEAM PIPING 

I r- CL-ISI ~~'EiGER AUX > RM-43B />rr<l~v,,,,~...,' ~ 2-a:P-150-369-4-----------

, 
r+(-v&~)4 

,1,,-""'" 'VB36 
(8-) 

L~ 

2-CCP-OI2-431'3(B-)~ 

; v_ 

t (z-) 
~

-CC P-750-C51-3(Z-) 

~V390(Z-) 

\2-ccP-OIO-322-3CS-l ~CL-151 

., 2-CCP-750- ;-.. .,"" 375-033-4 

~~373 \: ~rt ~ " 1IM-998 <! I-B) 

L2-CCP-750-389-4 FROM SAMPLE 
(F-4l SYSTEM 

,.... '-::RM-99A < 
.~:_ - ~2-CCP-004-528-4 

V929 \......::. L 2-CCP-003-330-4 .r 

?- ,-. ... ... ~~, -~~" '--.........: 2-SSR-001-909-4-- nNIII •. IIIZIWII 

r2-CCP-150-3G9-4 

I 1~-2-C(;P-7S0-A 13-4 

... 15·1 1r-;:_~-CCP-006-396 - 4 FINALIZED FLUID SYSTEM , .. ~,.~ ~10-318-4 I 

CCP- 008-331- 4 

9 

-

!® B ! 

-

2-CC v_~ w, J~ /, ~ ~ 'f (A-) ---. --=-
TO CCP 4I>V839(B-) - r- . r--2-CCP-0IO-323-;,(A-) i,"~~.) ,) ,., lSI 

SPUUCMTPION ~~~«(,A~--'9~)~~.J~ __ .1/J:::~1~15~1 __________________________________________ ~~~~~~~ __ ~'~~~~~~t-________________ ~~--2~.-:C~:-~O~IO:.4~.II~-4~ __ ~~~~~:: __ -I __ ~v~~;rV~9~8~O~~~~'~~~-~~ CCP'OOG~93-4 
PORTIONS OF THIS [)()QJo1ENT ARE 

NUCLEAR SAFETY RELATED 
PARTHO RAYSIRCAR 

o 
W 
f-
~(') 
~ji\ 
0:0: 
OW 
Uf­
Z 

• 4 ' _ "t_ \f'.~1 _1 J - "'. < FROM EVAP OIST 
RM-77A \ ~ RM-71F PUMP SEAL JACKET 

". I ~, 2-C C P-750- D I 7-4"'"\ " lA-9) 
i',:;r;, -. , SC-;, If>IS FROM. \ V 389 D ~ v "'0 ( 
... "' .... , RADIATION > RM 1000....... = 

MONITOR (!-6) CL 15:3 I'L 151 2·CCP-750-DI5-4 

THE INFORMATION ON THIS DRAWING MAY NOT BE 
COPIED OR USED FOR DTHER THAN THE CONSTRUCTION, 
MAINTENANCE OR REPAIR OF THE PLANT FACILITY 
DESCRIBED IN THE TITLE BLOCK_ 
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-_-1-'--'--47 

No. 10080 -RM-77F 
I I . I I III I I 

A B C 

FROM CCP HEAT 
EXCHANGER OUTLET 

K-I > RM-77E " 

2-CCP -010-392-4"""\ 

SET PRESSURE 
150 PSIG \ 2-CCP-001-C50-4 

1--'----.. - TO FLOOR DRAIN 
V644, V.--------I - 2- CCP-750-C49-4 

EVAPORATOR BOTTOMS HOLD­
TANK VENT CONDENSER 

2SGC - E2S 

___ ----,;V~I V486 
/RM-IOOE ./ A 

(J-3l / 

2-C( P-001-503-4J II /. 2-Cep~OIO-392-4 
I V/CL-151 

D, ...... ~V 
V903 (F-2) 

D 

~ >RM-IOOP. ...... O------EVAPORATOR BOTTOMS 
I V633 COOLER 

,r---~+04,- 2-CCP-I50-416-4 2SGC-E24 

v- 2-CCP-OOB-394-4 

!V924 
r-2-CCP-OOI-S42- 4 

-F 
t-- 2-CCP-OOI-928-4 

____ -2-CCP-750 -C64-4 

SAMPLE COOLER 
WASTE HANDLING 

aUI LDING 

,--- 2-Cep-tlO8-402-4 

V 

E 

NOTE: 
LOCATE RELI EF VALVES 
ADJACENT TO EQUI PMENT 

, 
2-CCP-006-406-4..J 

it 

V491 ----.... lV4~8 
V493~ 2-CCP-001-C46-4 

SET PRESSURE ____ '\ . iN 
150 PSIG _ ~ 1000 

2-CCP-006-865-4 J 
\~ ,-V480 

V487_1.. "'I 
f~~2 2-CCP-750-C39-4 

~~ r-2-CCP-001-C40-4 ~~~ 
fTi\V 
~6i~ .L / TO FLOOR DRAIN 

~ SE;~ESSURE 2-Cep-003-39~~ 
~59r 150 PSIG ""V913 

f5 " ~ I'" v;:J 
-l----+ ~ '-V4119 

V91 I ;-' V . ~ ~ 0 ~ 
,=I '!il 

V912---:"\. 0 ~ ~ ~ ~ 
r- Q ~ 

-1---+ ~ -'"'- ~ 
~ I UA }- r--r '" 

---) TI D 
2-CCP-003-685-4-' I60A I- ~V914 

. SET V488 C::+'H )~ 
PRESSURE(,§~,) ;I~ D V49Q..:: V'" 
150 PSIG ~ Tev r8~.) I "-2-CCP-006-413-4 

\ ,-II~I " ~'1 
...-----1 ... >1.. ~ FO "c- FO 

2-CCP-750-C41-4.1 ~ _ ~ 
1-2-CCP-001-C42-4 "~V481 r'-V483 

TO FLaJR DRAIN' ~ ~2-CCP-006-399-4~ 
2-a:P-003-412-4 J -

2-CCP-OOS-850-4-.1' 

-

2 -CCP-003 -403- "---""\ '1 fTI'V 
~L 

. ----TI "-,;-. " TO FLOOR 
15911 ~--""" DRAIN 

V915~ . 
~ 

V '" 

~lt-i~ 

I­
en -c· 

V916--,. ~ .; - '- '" 
D nLT-'T'-.-' \. 

~62t:1 
----

_r.V499 
, o;J 

D 
-- 2-CCP-003-40<1-4 

-- t-", 2-CCP-750-C45-4 
ffi V500 ! +--+I-D ....... •o .. ., 

Ie ~V917 

~ ~ V r!501 
is !G M __ o;J 

+-'-'-W V ~I 

RV 2-CCP-OO(O-4154 
Q 1019 SET PRESSURE .~ 

II-(ij 150 PSIG ~~ 

,,- , ... FO . I TO FLOOR "'" FO 
" ,,'(j- DRAIN tr" 

3x2 (TYPlJ,l L.2-CCP-001-C44-4 

"-- 2-CCP-750-C43-4 2-CCP-003-414-4 - '" 
V492-----

!l_ 

;;,~--2-CCP-008-405-4 

~-Q.-151 

V 

~V494 

r2-CCP-CXJI-843-4 FROM SAMPLE COOLER 

>RM 100 ::. ./ RM-43S< WASTE HANDLING 

TO CCP 
PUMP 
SUCTION 

EVAPORATOR 80TTOMS - E..... ~\ V923 (J-9) BUILDING 
COOLER (G-4) V'300 D V2-CCP-OIO-411-4 

2SGC-E24 w 2-CCP-750-C65-4 
V632 

2-ee P-'150-417-4.J V Q.- 151 

2-CCP-OOI-S04-4., 

~~~~>-_V~6~3~1~~ EVAP BOTTOMS HOLD -~RM-IOOE 
TANK VENT CONDENSER J~+ 

2SGe-E25 2-CCP-OI0-411 -4\ 
RM-77E 

V641 
D 

(I-9) 

---. I 'I I·· I 1'1 t I . I I " I I I I I' I ; I I' I 1 b I I -I , '1 I . I I 1 '2 . 

F I G H J 

2-NSS-750-21-4 RV\ SET PRESSURE 
FlJj 100) 125 PSI G 

2-YRS-750-11-4 / CL153 \?~V527 '.-2-NSS-OOl-22-4 

REACTOR CONTAIN­
MENT SUMP(TVP) 

. CL153--;r r2-N§003-87i,,--3~-) .--2-NSS-750-2-4 0- [I ~ t 
----R-M-----e--9A-...... " , J r*V922 z ~ r Q.- 152 CL 152 TO FLOOR 
"--,-_-,-";:,. • f (Z-) . z u .. h-2-NSS- 7!1O-3-4 DRAI N 

( C-8) 2-CCP-750-87-3(Z-l r-2-NSS-750-15-4 
I7l.T' to :?J CL151 CORROSION 

REACTIJ! 

~ CLl51"1 
.... CLl52.J 

ElCPANSION \~Ol ~.) Ii N N S coon TANK 

~~21(Z? ~lf\~l'''Yf-~_\ F 2NSS-Tl(22 
r/' r ~o- I IZ) r2-NSS-750-IO-4 

2-NSS-OOI-7-3(Z-l-, I.//',. '8· ,'f!"-' ,-ni26 'y r-V520 '. ~,~_ "~i~r1.:';Q' Co '1'10 ... V ~ 

TE 
100 t~==~~~~~~~~~~~~/~R~M~-~77~B~I<§j RM-89A CL- 15~ Fe '~2-NSS-750-1-3(Z-) *,,1V90~ lG-~J V (E-8 ) 

,....I-loJ LCL_ 152 0- ~'cz- lW52 ( -); 2-OAS-750- 4 6-4 

CL 152 • 
'-CLl51 2-NSS-006-6-3(Z-), 

ESC 3 
QA CAU 

28000 GALS 
NEUTRON SHIELD TK 

2RCS* SUP21 (Z-) 

SHIELD TANK 
COOLER 
2NSSlfE21 (z- ) 

V_ A 

-'<;I 

\ ~V919(Z-) . 

Q.-IS2 '" 1li.-'51 NC'~ ~ h I 
;fi\·:t-~C'~- NS \._ C[':152 CL-153 
I r.J\ :> ,".1 n· . • -
~, - II 3 

2-~-750-11-4..J" 1 x 4 RED. 
INSIDE lIE c;-.: r-V522 

CRNE WAU. CRANE M...1.. LOCAL SAMPLE 
. 2-NSS.-50o-I4-4 

~ l\..V921 

"--2-NSS-750 - 12-3(Z-) 
,VFLOOR ORAIN 

'---2-NSS-500-901-4 

2-N SS-750-900-3CZ-) -!4V351(Z-)1-

o ( 11~\' --....,.,:..+-(+ I 2-NSS-d06-5 -3 (Z-) 

r-120 '-/ D" II 

. I"-2-NSS-OOI-<1-3(Z-l 

1;Q.-152 

r-QACAlI I.. V-Q.-152 
SEE NOTE? 

(TYPJ 

L. SC-3 

, r2-NSS-006-5-3 (Z-) ~. 523(2-) I'? 
t>l J ~nCL~ ~,---: U1 

IIff Vl,/ ""LV-: , 2 
~' ;;:~V524 1...:-' ~ ~LOCAL SAIf'L 2-NSS-750-8-3(Z-) (z-) I ~ 0" -=:::....::=-:::. I 2-NSS-SOO-13-4 

L..-______ L....J 2-IoIS5 -ISO-9-~-)1R S I r2-0AS-150-47-4 

-"J IJ I IrCL- I53 RM-89A REACTOR CONTAINMENT 
SUMP u. t-V920 

~t==-fI'FUNNEL (E-8) 
,..CL-153--:-=--.-:c=.y,...--co NTAINMENT 0 RAIN TREN CH 

NElJTflON SH I aD T ANI< COOL I NIl "ATE! SYSTEM 

K L 

VALVE IDENTIFICATION 

VS24 

VS21 
V 523,525,902 

MARK 
NUMBER 

VS5015-Y-~ 
,.~~~.~ , 

IV 'Y-': 

PI PE I"".... IIIl 
SIZE 

" H I 

I " I 
3" 
4 

9 IV467. .::JQr.;lI ,e. SOL 
r ~ II Qr~ VOS060-(-4 

1915,917 "'~,~ 

V4 82:483ASgcn3.J,44',C99.), 44--t1 ,~",";U;,i(iv"TIIS;:--A-4 A-4t-,S;';;' ,,+--,rf---l 

~V~----------tvIVGsOlI~~-4t-i'I"i-11--12 
923,924 I"' 3 

V':it!.t!. IVBWO 1..1"1 -:5 3" I 

V480, 481,491,492 IVI -A-4 3" 4 

~~~~~~~~~rr~~-t-~@ IV488, 489, 499,500,641 ..,-4 3" 11 
<1 

900,903,912,914,916,918 

IX\!Q[ RM-77A<NOTE"S) .~ '''~~ -3 
V351 I"V 

1\'920 r._~ ., 

IV632 \{)S060- C- 4 

VGS060'S-4 

V526,919 

1:' 
2 

2 

1 

2 

3 

4" 2 
~~------------+-------~-~~--~-
V921 " l' 

VOSISO-X-3 

2 
1 

V 520,522,52 7 IV9S015'D-4 ." 3 

4 

5 

-- ...... .j......I 

NOTES: 
1 GENERAL NOTES RM-77A 

2. FABRICATED TO ASME XITI ..... DIVISIONI GUIDELINES 
NO STAMP REQUIRED· SEc. SPEC 2BVS-9 
FOR DESIGN DETAILS. 

3.LINE NUMBER(S)(SEE BELOW)CONTAINCS)(A) SCH",,71--'-I 
(SEE BELOW) SPOOL PIECE(S). SEE ISOMETRIC r_ I 
FOR DETAILS e ® 

~~~L~IN~E~N~O~' ____ -+I~SC~H~A~D~D~E~D _____ 1 
2-NS5-500 -901- 4. 40S 1 

REFERENCE DRAWINGS: 
CCJFOIENT COCLI NG iliA TER PI P·I NG 
CllIf'OoIEJtT COCLI NG WATER P I PI NG 
NJCLEAR ErAJIPMENT VENT AND DRAIN PIPING 
STEAM GENERATOR SLOWDOWN PIPING 

" " " • 
" , , 

" " 
AUXILIARY STEAM PIPING 

PORTIONS OF THIS DOClJo1ENT ARE 

-

114-77B 
1W-77E 
114-89A 
RM-IOOA 8 
RM-IOOC 
RM-100E 
RM-438 

NUCLEAR SAFETY RELATED 
9 

-

FINALIZED FLUID SYSTEM 

THE INFORMATION ON THIS DRAWING MAY NOT BE 
COPIED OR USED FOR OTHER THAN THE CONSTRUCTION, 
M,OINTENANCE OR REPAIR OF THE PlANT FACILITY 
DESCRIBED IN THE TITLE BLOCK. 

- ............. 
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No. 10080 -RM- 007 9A 1' 1'1 '1'1'1 '1' 1' 1'1'1'1'1' 1'1'1'1'1'1'1'1'1'1'1 '{ I' 1'1'1'1' 1'1'1'1'1 ' 1'1'1'1 ' 1'1'1' 1'1 '1' 1'1'1'1 
o 1 2 3 4 5 7 8 9 10 11 12 
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A B C D E F G H J K L 
3' z.cH~-~-334-2 
if 2-CHS-SOO v BRS'00'3-I34-4 

TO 
BORON 
RECOVERY 

CHS-003-212-2 

COOUNG 

2-CCP.~-333-~­
CCHS-750-

NON· REGENERATIVE 
HEAT EXCHANGER 

.l~T7 
4 

TUBE VENT-"" 

2-CIo!S-750Jilu'l"-
335-3(Z-) 

S-7S~37-2 
CHS-750·906·2 2CHS-RQ101 ~ 

o NOTE 30 y 
2-CHS-S00-336-2 

'-2-'{RS-750-2 -4 
2-_·~-200-2 

2-CHS-750- 513- z-;rrrnrrt RhI-998 

lEV 45-",,- *'11 

514-2 
~-C~iS -750-518·2 

Ht-;HIHS-7fiO -515-2 

'750,521-2 
·750· 516'2 

G~OOI-6'4 N2 ( L - l) 

2-CH&00I~-~!3!5!~5-4~JF";~~~~LJ 

SS 
2-GWS-SOO-12-4 

( ~ '~~RM~-~9~SAA~~~~~~t---~----~ 
.,- .J 2-CHS-o;QQ-522.2 

'2 & FI5SION 
G .... 5 RECYCLE 

NNS .loSC-' V23 

SEAL WATER FILTEFV 
2 23 

"r- 2·0iS-003 - II 
CL·153 

PRESSURE 
PSIG 

"-" C:fiS-002-113-2 
L-I53 

-CHS-00I-952-2-~ 

2·CH5-002- 32~-2 
2-CHS·C02-

"'t._-L~m- 3' NOZ ZLE CAPPED 
L W/i" CONN 

v:x..JJME 
CClIITRCl.. 

TANK 
2CHSIITK22 
(ATVC) 

2-CHS-7'SO"35<1 .,,""1:u;... 
ASMEll SC'2 

.J:; L'153 
QA CAT.l SC-2 

CL-TNSS 

NOTE 2,..1 ___ .,\ 
.... ,,·\.HS·15O-465·2 

2· CH5· 002-123' 2-
2·CHS·750·56()·; ~--II.....I 

~" TO FLOOR 
2-CH5-750-915-4 ____ ~RAINSJ 
CL152 RM 

ceHS-"1'50-343-2 

FPDM ReP SEALs "I!!".Y . I aCHS-750-342-2 
2-CHS-7~-567-2 '\.~ .... 

2·CHS-DOJ·lOe-2<Z· ) (NOTE 26) 

CL-153--f 
cCHS'()03-I07-Z 

CABLE V~l1 AUX 
PIPING TUNNEL BLDG 

DRAIN RM-89CTABLE 

CHAAG tNG Rt-He;! 0 
PUIo1 P P. ECI RC ""-____ " 

2-Qt.5-750-44-4 

2-CHS-

2-<:H5-003-I11 -2 
CL:-153 

WATER 

RM'77E 

cceP-003-334- :3(z-) 

SEIo.L WATER t£AT 
EXCH .... NGER HHSl4E21 

(AHSW) 

cCH5-003 
CI: 

~~fAo1:tlfLE' 4--

I 
V9 • . _~ 

2-CHS- 500-655-4-...1 

L-153 
rc.-\.HS . ()Ooq-14 ·2 

2-CHS·OO!-1I0·2 

Q.-
2-CHS'OO3 - 212· 2 (K-Il 

L-~~R~M~- 7~9~B:>' TO IIDII£MLlmS 

1111 
Z~acs-0IJI.11-2 

lSO-I22·2 
·(tiS -750-<1&+2 

Z.CHS·OO!-'=··L ...... 
c~.,,~:~ ....... 

1oOS011I-Y 2 

1 

2'CHS'7110'1I41 RM-99B TO SAIf'LE SYS. 13 

V2 8 
223 2" 2 

2-(HS-750'!37-Z -

~i..C:~!i 750 '914- 4 --:t:--: ~~~n<"; ~~ ::""'::'-=_...Ir~~ 2 -0_'A:...':-_7~'0,:,,4_3 -_4---1" DRAIN RM _ 59C TA BLE 
V2G, ' . ' 930 IV~;o15-E'31 

3'~X92D 
HHS-002-649- 2 -t--.--J 
2-CHS-<103-16-2-...... 

750·338·2 

CL-1~3 --. ;i~~r~ 1".,,~.:!~O'!§43-2 
151 

I-QlS-OCQ-III·~-----.. 
":'Hf"-., 3"-C52 CHS'750'545' 3 

'1909 
2-CHS-7~-912-~ 

CL 1113 
,..Z-CHS-OO!-I!tl-! 

RM - 92A 

.. n·r~ 2 

TO IOIQ1 
RECOVERY 

SYS 

'128,'129 

V926 

• 

f' 
1" 

2 

1 

10 

7 

27 

1 

2-CHS-150-634°4-_ 

--R_M_.gz_A_7 FROM BORON 
"'I~rr...;:o, RECOV. SYS. 

1-2 
SET PRESS. 70 PSIG 

RM-89B 

V 2-BRS-003'21-4 --, 

TO NUCLEAR VENT 
.. DRAIN SYS 

RM-89B DRAIN 

CL-IS! 

TO SAWl[ 
SYS 

~04::)--o.c>--r"'-
. 2-CHS'OOl-I~D'4 

22 
-':"",HS-002-681-4 

-002-660-4 

2 - PGS -002 - 5 - 4 

.-:.:E_-3:":)_7 I'IIIMIo.RY 
2 ' CHS-002- 163- -4 

z"-x42D 
2 GRACE -"""':I >4-____ -..J'-L..""'" ..... _R_M_- _II_ A.......;;:o. 110\ TEll 

GEN 52 

- CHS-002-1 39-4 a..·11I3 
RM-82A 

IClTES: 
I. TME aJITIU.. EOJIMXT MMK NUMB~R SHALL IICLUlE 

10. PAEF I X iii I CH IS I DENT I CAL TO TME SYSTEM CUlE 
I'REF I X FOR TME ~ 110. TED EQJ I PMENT 011 I'II"E L I HE 
IJI.ESS anEMIa: IGTED 

2. VALVE F'AIL "I'IM Fl.OII TO 'lCLLJ€ aJITIU.. TIM. 
8. WESTINGHOUSE VALVE NUMBERING SYS. 

tT78 vAl~'1r~~SPECIFIED IN VALVE REF GUIDE) 
~ 

g. . 
10· ALL VALVES .. INSTRUMENTS SUPPLIED BY WESTING-

~ 
UNLESS OTHERWISE NOTED. 

II . .. DENOTES EQUIPMENT SUPPLIED BY 5 .. W. 
12. INGHOUSE CONTROL EQUIPMENT IDENTIFICATION 

NOS. ARE SHOWN IN SQUARES ADJACENT TO BALL­
OONED MARK NOS. WHERE THESE ARE DIFFERENT. 

1'3. VALVES WITH V NUt.4BERS LISTED I N VALVE TABLE 
ARE SUPPLIED BY S" W. 

14. BAYONET SPARGER, IS INSTALLED INSIDE LETDOWN 
LINE AT LEAST 80 FT UP STREAM OF V.C.T'.(DQ,WN 
STREAM TAP OF 01-120 IS LOCATED ALONu 4 LINE 
EVEN WITH END Of SPARGER . 

1'5. 9e1' ELBOW FLANGED AT BOTH ENDS FOR REMOVAL 
OF BAYONET SPARGER . 

16. TEN DIAMETERS STRAIGHT PIPE UPSiREAM AND 
FIVE DIAMETERS DOWNSTREAM REQUIRED. 

17. ANY FUTURE DESIGN CHANGE WHlCH AFFECTS THE LENGTH OR 
VOLUME ~ THE PIPING FROM THE BLENDER TO THE CHARGING 

2-CHS-002- 3-4 2-CHS-~·m·4 
=--:-'Z' C'HS -:750' 562-4 

TO IIUUE1.IIG CAV I TY 
011 All$T 

. PUMP SUCTION HEADER SHOULD BE EVALUATED FOR THE 
ACCOMPANYING EFFECT ON THE CHANGE IN aORATION AND 
DILUTION TIMES AND VOLUMES. REFER TO WESTINGHOUSE 
LETTER FENOC-01-023. DlliED JANUARV 31 . 2001 . 

-, 
CSl 
CSl 
1!1 , 
(/\ 

I 
u , 

CL-302T 
CL - 15 3 

- [ 5 3 . 

154-4 

---2-CHS- R0223 

1"-X4211 -, 
N aCHS-OO I-Z81-4 
(") ..,. , , 
..,. CD 

'P 'f TIC2J CHEMI CAL 
CSi (ATCM) .. I XING TIM 
CSl 

2'CHS-001'32~-4 

NOTES (CONT) 
29. LINE NOS (SEE BELOW) CONTAIN A SCH 

(SEE BELeY/) SPOOL PIECE. SEt PIPING . . . 
ED 

2-CHS·003-345 -2 xx s. 
2-CHC; -003-120·2 XXS 

-I .9-

16. THIS SYSTEM WILL BE MAINTAINED TO CLEANNESS LEVEL 'B'IN 
ACCORDANCE WITH 2BVM·82 . 

21. VENT SHALL TERMINATE INTO AN OPEN FUNNEL 
LOCATED TO ALLOW OBSERVATION OF FLOW DURING 
VENTING OPERATION FROM REMOVABLE PLUG 
OPENING AT TOP OF FILTER CUBICLE. . 

22.. ORlnCE FLANGES WITH SOCKET WELDED TAPS ARE 
PROVIDED FOR ALL FE'S. 

23. METHOD OF CLOSURE FOR LOCALVENTS.DRAINS, 
TEST CONNECTIONS AND CHEMICAL CLEANING 
CONNECTIONS SHALL BE AS SHOWN. REFER TO 
28'11.1-211 FOR ADDITIONAL DETAILS 

24. iHE FOLLOWING SUBSTITUTION IS ACCEPTABLE ; 
VCSOI5~-2 FOR VCS060-G-2 

25. ALL ASTERISKS (. ) SHDULD BE DISREGARDED. REFER 
TO THE EOUIPMEN T APPLICABILITY LIST (EAll AS THE 
OFFICIAL LISTING OF ANY FUNCTIONAL L OCATION 'S 
OA CAT EGORY. 

(z-) (J-8) z.cHS-00S-ZC)4-oZ I S- 2-<:1015·750,915-4 . 40S 26. LOCATE 'LMO' AS CLOSE AS PAACTICLE TO 
~, IIMOV381 IN ('ABLE V~LT. 

SYS SAFETY CLASS 
NNS 

TYPICAL VENT OR DRAIN 
DE TAIL 

t,-SAFETY CL,6Sr; 

- NNS 

~~ ,_ IZ" 

t 
10 
DIIo\ I 

LOCAL SAMPLE 
DETAIL 

(1+-1) 
N·89A 

TO CHARGING 
HHSI PUMP 
SUCTIONS 

TYPICAl "'LVE SlDoI 
LEAK-OF'F' (VSLO) ARRANGEIo£NT 

RM-79 0 
v 

( 

RM-79,O 

2-CHS-5oo·308-2('z-J 

2-CHS'750-563'Z(Z+-

Z-Cf./S-

2-0A5·75O-040-4 40S 
"'-2'C I~"S-97 '--'\ KH5-750·914-4 405 

- 2-CHS-~00-934-3 
-::<I':-CL-153 

,--- - 2-CHS-001-9N-3(Z-) 
30. MONITOR ASSEMBLY I S ABUTTED 

ADJACENT TO PIPE . REFER TO 
2702.890 -509-012 

28. +INDICAlES DISSI MIL~R h1ETAL WEI.D 
(NOTES CONT,IN'-J-S 1 j 

2·Q4S.002·117 .3(Z -) 

11 

------- --2-CHS-7~0-938-3 
-If',I932 

31. BAYONET SPARGER IS NON ASMEm 
Oil. CATEGORY II AND IS LOCATED 
WITHIN SAFETY CLASS 2 PRESSURE 
aOUNDARY. SEE PIPING DRAWING 
FOR DETAILS. 

~- 2-OAS-750-40·4 

......... ;Z:- Cli::; - 002-48 -3(2--) 

~=-2' CHS'001-493-~Z-:) 

~nrF 16 

2-CHS·001-494-3(Z-) 

z"x ( 

32 . A CONNECTION FOR TE.MPORARY GAS 
DRAIN SUPPLY TO THE VOLUME. CONTROL TANK 
RM·8ge TABLE ' IS AVAILABLE IN THE. GASE.OJS WASTE 

SYS TEM, 12241·RM-95A-(J·5). • 
33. TEST 'CONNECTION FLG WITH 1/2 

SWAGELOI< CONNECTION 

2·CHS-(Il2·IINI (Z -) (A-8) 

RM-79B 

REFE~NCE DRAWINGS 
CHEMICAL & VOL CONTROL PIPING 
NUCLEAR VENT .. DRAIN PIPING 
BORON RECOVERY PIPI NG 
GASEOUS WASTE PIPING 
SAMPLE PIPING 
PRIMARY GRADE WATER PIPING 
FUEL PIT COOLING .. P1JRFICATION PIPING 
Hz" C Oz SUPPLY PIPING 
GASEOUS NITROGEN SYSTEM 
COMPONENT COOLING WATER PIPING 

LEGEND : 

~ ELECTRICAL HEAT TRACING 

F'IIOM lOA I C 
ACID FILTER 

RM'7'9BC&D 
"-1-898&C 
RM-92A 
RM-95A 
RM-ggB 
RM-1I2A 
RM -a2A 
Rtot-7IA 
RM -71 B 
RM-77E 

NUCLEAR SAFElY RELATED o.M. FIGURE 45D-3 & 4 

DUALITY GROUP CLASS IF ICATIONS ARE ' INCORPORATEO 
BY REFERENCE' INTO THE UFSAR.A CHANGE TO QUALI TV 
GROUP CLASSIFICATIONS CONS TITUTES 
A CHANGE TO THE UFSAR. 

REVISION 30 
BEA VER VALLEY POW ER STAT IO N UN IT 2 INCORPORATED rENOC' HRST[flER(jY 

DUN 08-0728 -001-00 3 MlCLEAR OPERATING [OfoPANY 
ECP 08-0728 ~ __ ';;:~;;~~G~~~~~~~~~~~~~ 

SATISFIED sc,,-, " " 10 /2 6 / 10 ""H."'. "N .... ';>P. F LO W DIA GRAM - CHEM I CAL & 
VO L UME CONTR OL PIPING SH 1 ECP 09 - 019 7 rOR ISSI£ 

MVF ELECT.APP. OR"'''' BY 

£~ IC HC CIVL ,pfI. 
I'i~;:...~:,-'. --+~="-----1 AA D~~~80_ RM-0079A ..,. 

",v . 

30 
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· -'e, : ..... · ~ · -· -• 0 
• ro : i:::: 
: ~ 
: ~ 
. ~ · ~ 
: ~ ABC D E F G H J K L : ~ 

PREPARED ON ~ C:.EDDI ~ ~ 
---7--0-C-T--~-0-J:-l-"-':-J~----'-.l:-~' w-:-,-~-;.:--0-2-"-~~-· .-L-~~-I ------------------------------------------------------------------------------------------------~TH~E~~~P5~ ~ ~STfM ~ ~ 
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·-·Ck. 

J-2 
.... .,.. 

tllllPCllll 2 cm.Ml'FIL'IDI 
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TO CHARGING 
PUMPS 

M:\u2\.RM-00798.DGN 

A 

A 

DRAIN RM-89C 
TABLE 

B 

B 

TO SAMP\.E 
SI'S 

c 

AM-Ill 
0-8 

2-0i5-003-268-3!A-) 
'$' OIERFLCIN 

c 

I 
D 

D 

1'1 I I I' 1'1 'I 'I 'I' 1·1·1·1 '1'1 3 4 5 
E F 

R 

RM 

-3 

2---:1111-4 

Z·CHS- 002·00-!CI� 2-CHS-OOZ .. OH (A-j 

E F 
PREPMEO ON 

THC INPS 

'I 'I' I 'Cf 1r 1'1 I I I 10 
G H 

2"SIPHON BRflj(ER (TYPJ 

G H 
CAE/){)/ 
SYSTEM 

1'1 I ti 12 
J K L 

3'-C5Z 
'--+Cl-...,..-< RM-79A 

2CHS-B 
-I Lf;lr 

2-CHS·OOJ·O·J 

.-.m1-1eo-3 

CL·IS
:fCHS-750-902-J--..,!:-ii-----"'i-"i 

Jj'-X42D 
RM CL-153 ASME m SC-3 

CL-TN SS QA CAT! SC-3 

2-CHS-002-9-3 

111-1112-36-a 
IXEO BED 

DEMINERALIZER 

TO SAMPLE 
SYS 

RM-lllA 
I-2 

26 

NUCLEAR SAFETY RELATED 
REVISION 26 

INCORPORATED 
OUN 13-062�-el03-007 
OUN 13-0624-004-001 

FE NOC fJRST ENEN6Y 
NUClEAI OPENATING COMPANY 

J 

NOTES: 
1. THE CONTROL EQUIPMENT MARK NUMBER SHALL INCLUDE A 

PRE:fll( WHICH IS IOENT1CAL TO THE SrSTEJll CODE PREFIX 
FOR THE ASSOCIATED EQUIPMENT OR PIPE LINE UNLESS 
OTHERw!SE NOTED. EXAMPLE: 2CHS-Fl 147 

2. LOCAL SAMPLE DETAIL SHOWN ON 7911 
3 • •  0&11 DI.II HOLE IN CLAPPER DR CUP 
4. VALVE FAILS TO BYPASS DEBORATING DEMIN 
S, WESTINGHOUSE VIU..YE NUMBERING STS 

.--VALVE SIZE ·�-VALVE HPE (SPECl ���D
G
��

D
:�l.VE 

b. ALL VALVES & INSTRl.llENTS SUPPLIED BY WESTINGHOUSE 
UNLESS OTHERWISE NOTED 

B. WESTINGHOUSE EOUIP NO. SHOWN IN PARENTHESIS 
9, WESTINGHOUSE CONTROL EOUIPMEJllT IDEHTIFICATION 

NUMBERS ARE Sll)WN IN SQUARES ADJACEIH TO BALLOONED 
fllARK NUMBERS WHERE THESE ARE DIFFERENT 

11. LOOP SEll. TO EXTEND 12• BEl.OW AND ABOVE PI PE ENO 
EU\IOnON. 

13, VALVE 15 LOCKED INTO POSITION DURING PREOPERATION•L 
TESTINIJ TO LIMIT PUPIP RUNOUT TOEICIGPM WHEN !'.81!�

,
FE�RIHD BUCH COHTEHTS TO BORIC ACID TANK 

14, � DErt>TES COMPONENTS SUPPi.i ED If S & W 

I e. "'LllEll WITH V �BERll LISTED IN THE .,.LVE TABLE 
ARE SUPPLIED 8V S&W 

18. V!HT SHALL T!llllNATE INTO AH Dl'IN l'IJlllE. LOCATtD TO Ml.OW 01111E1W111DH Ol l'LOW DURING VENTING CRMl1CN 
,_ lllllCM\ILI PLUG OPENING R TOP QI' flll'ER CUllCL!. 

17. DAIFIC! fLAHGlll WITH llOCICE1" W!UlOD T- ME l'RJVlllED 
FDR ALL FE'•· 

11• MI��cyca�vw=-r: &MALL E AS SHOWM. MFlll TO H'lll•ll 11'111 ADDITIOllAI. 
DETAU. 

11. �W�#rl\'ID2��-
m. THE FOUOWING IUllSl'ITUT� NIE MXEl'TAIL!l 

VC.DIH-4 FDR VC1IOll>+4 VCSOlll-X•ll FDR VCIOID-0-3 
21. ALL ASTERISKS M SHOULD BE DISREGARDED. 

REFER TO SAP FUNCTIONAL LOCATION FOR OA CATEGORY. 

1'Z. DIC ACO 'DUIKS (2CHSllTK2JA&9) 10 HM STRIP 1£AT'ER'-
23. UtE llLM8ERIS)(SEE BELOW) CONTAINS) CA) SCH 

(SEE EELC7Nl SFOOI. P!ECE(SI. SEE ISCMETRJCIS) FOR 
DETAIL. 

l 2-c��13'-4 l �o�0 l 
24 CHECK VAi.VE 2'-csa LOCATED IN LINE 

2-C�iS-002-54-4 HAS INTERNALS PERMANENTLY 
REMOVED. 

25. 1/8' DIAMETER HOLE IN CAP FOR TELLTALE DRAIN. 

REFEA!NCE DftAW1NGlt 
CHEMICAL & \'OL CIJNTllOI. PIPING 
NUCUNI VENT & DRAIN PIPINCJ 
SOLID WASTE DllPOIAI. PIPING 
llAMPU PIPING PlllllARY - WAm\ PIPING 
- N!aMR"f PIPING 
AIJX Sl'EAll &AIRllDIOVAL.PIPING 

UGlllD• 
_...._ DINOTD ELECTRICAL HEAT TRACING 

CUALITY GROUP CLASSIFICATIONS ARE 'INCORPORATED 
BY REFERENCE' INTO THE UFSAR. A CHANGE TO QUALITY 
GROUP CLASSIFICAT!ONS CONSTITUTES 
A CHANGE TO THE UFSAR. 

OM FIG 450-5 & 6 

BEAVER VALLEY POWER STATION UNIT 2 

FLOW DIAGRAM CHEMICAL & 
VOLUME CONTROL PIPING - SH 2 

L 
26 

2 

3 

4 

5 

6 

7 

8 

9 



No.I0080-RM-79C 

2 

4 

5 

-(.-- -

® . 8 

t B c o E F 

n: 
141 

3' 
4 -T7B 

G H 

2RCS· TK22 ....,-RtE~-~2-:;;E=-_...1::..:2::.~CHS~.003~.~I~46~.~4 __ ...J.~CL.~I:53~ _______ -::-____________________________ L __ V~~2-C HS-750-440- 4 
(PRT) :... RM-758 

NOTE 20· 1\ 

COOLANT 
LETOOIIN 

3" ~ 4 -H8 
2· CHS ·750-359-2 

H-7 2".T88 /~~~IlTE 2 

C1:153 CI.:;602 

~ ~ ~ 

~ ~ ~ 1117 

J K 

/ __ ~ ___ 75~A~--~~~2-~C~HS~-~~~-~1-71(~~~~~N~OT~E]U~)L. ~~:-~I~~2_~~~~~3~L.~Q~::~~--:_~F~C~~~~~~~~~~:;~~~CHS~19 -644-2 
- ... NOTE 20 *V208 

-T7 e """'''' 
OU 
u9 CONTAI NI4ENT CONT A I NI4ENT 

NORMAL 
CHARGING 

5C)-~~ ,---2·CHS·002-346-2 
''''\T~ 3 CHS-7 (Z-) 

1- 003.126.1 C[:-1502 NOTE RED. 
2CHS*E23 

~ '-----------~~r.---- SET PRESS-SOO PSIG 
:£1 ~ LETIXlIt4 ORIFICES 2.CHS.002.145-2(Z-) 
If) .... (ORLO 21,22,23) 

~~ - ... 
123 a.-802 

2'CHS- O-I(Z-) (NOTE II 2~C88 Z.Y''@'~ __ ~2. :I~:====~~====L~ 
-------'--'=--:,;.t...p:2:,: • .:CHS::::.:::-00=:2:,:-2::3.::,-1 :.:(Z~·l~_. .t.t;;rCL::..:.I=50::2:....~5-_____ -+~"T"'..::::. __ o;;-;;;;:: ";J..;'-'-J CHS-C02· 25- 2 (2-) :I=::=~==~====::l=~ RM-758 -.:: 

NOTE 3 *VI53(Z-) ~)~~~~ 
PRESSURIZER SPRAY 2-CHS'750-5 5-2(Z.)J 2-CHS-7"JC:I-!,C!I?-?l c 

( , 
~N(JTE 20, £ ----- \. ----l'l. 

19 

2-CHS-750-3~:~-2(Z+--, 
Noit: 

t·,· .. . - • -",,"\"E-I f .... .1..1 

2: -2 

2-CHS-C02-3-2(A-) 

Q..602 I 

ADC *Vf57(Z·) B 2 

-.J0:~iit~.,:[~~:[l~~~!E~ 2-CHS-7S0-578·2(Z· -
•• 1 NOTE 20, rl:7~~ .... _:_:-:-:-~~":":_::-:-.;...---~~T'""-or__------.....L--~----+~ RM-79A 

~ z.cHS-7~O·~~4-2 L..2-.CHS-002~ 143-2 '-2·CH~;·OC)2-2-2(Z-) 1r-:2-CH1S-OC)2-4-·2[B 

19 REGEIERATIYE 2-CHS-002-400-2 --1...--;;~~,.,"t@f;0Vl "'-HEAT EXCHANGER CL·602 
"'" 

(AHRG) 

VALVE 
DENTI FIC ATION 

V6 7,68, 69, 70, 71, 
72,73,74, 75, 7~, 
77,78, 80,81, 
B2 
V 107, 108,109, 

I 

VIIO 

V 112 

L 

MARK NO 

VSSI50-A'2 

VC W ISO-X'Z 

VCWOl5 -y. 2 

VCWI50-X·Z 

V153, Ibo,lbo,lb?'VSSISO'A-2 
158,159) 
202.203. -=~~,~u=l 
206,207, 

V912 

LETDOWN TO 

VOS060-W-4 

NON REGEN HT. EXCH. 

PIPE 
SIZE 

2 

z 

3" 

..J." 
4 

QUANTITY 

18 

4 

16 

1 

31-1-1 

. RM·76A 

G-5 

RI4-71B 

COIf'ONEIIT COOLING 
WATER 

H-S 

RM·77B 

2- CCP-C03-90- 3 (Z-) 

2-CHS-750-442-2 

2 

2CHSl1E24 
EXCESS LETbO~ 
I£AT EX~ 
(AHEL) 

- (H.S-750-441-2 / ~ 
NOTE 2Q..l ./ ~ 

2-CHS·750·287-2 
2·CHS-

2-

2RCS-TK22 
(PRT) 

N' ?t I'-/~::::::::j~~ 2-CHS-00I-G36'4 

2'RHS-Q01'901-2(Z-) 

t----2-CHS·002-492-Z(Z-) SET PRESSURE 

, , I' ' 5(-2 NNS 
/\'",,'.t'IOTE 20 -- ',.~690 PSIG 
~ --- ~~~ 

4 ~160 
2-CH S " 160 2- CHS-75Q.366'2(A-l_ I 2-CHS-750-617-2(iH 

_7,,>O_S,7Q .• ?i],)\-j:lWVI58(Z-) PT 2-CHS-750-227- 2(Z-JR\ " 

3-T7B_ ...• .- -~ wor-'/I~MII(i!_) 
~CH5-750-S80 2(A-l 

"\. CL'I!Kl2 
2-CI,S-75O-52~'2(A-~ 

2-CHS-750-526-2lB') ~OTE 3 . v ~~:~~~ 'oIr-eY 1 ~ A- I 
2.CHS-750-Z69-2(A.1 2 C88 I ~ 

~:t---':TH RM-790 FROM CHARGING PUMPS 4 
N~!~._~g~ ~\ NOTE:' V ~.I!502. ,~OT_E': ~() 'l;-Vlt-llil-li 

Ii: fT78 (?~)(~6~~~K".~. 2-CHS-002-141-I(B&\ J 
(TYP)-- ------. ~ , .. /\ (NOTE-Ill 19 

·CHS-0Q2· 140- I(A-) ~ 
NOTE (NOTE' II) _ 2-CH5 -750-527'2(C') 
( TYP) 

SC".I.sC-2 

2-CHS-002-14Q-1 (A-l 
2- C HS-002 -124 -2 (z·) 
CLI502 
2· CHS· 002-142-1 (c-) 

NOTE-I I 

1" " ,*NOTES (CONTD) --.-.----. , --. 
2ZX2 RED ~-.-. 20. TEST CONNECTION FLGS. WITH 112' SWAGEL~K 

19 CONNECTION. 
... ---. --------- ---- ...... _-
NOTES: 

I. THE CONTROL EQUIPMENT MARK NUMBERS SHALL -
INCLUDE A PREFIX WHICH IS IDENTICAL TO THE 
SYSTEM CODE PREFIX FOR THE ASSOCIATED 
EQUIPMENT OR PIPE LINE UN-ESS 01HERWISE NOTED. 
EXAMPLE' 2CHS -TEI41 

I® -

4-Xg~ . 2-CHS·7SO·37·4 VQ12 

(NOTE I ~2.CHS. 750n":.!1~29~-~1 ~~~ ·J~~!~~~~~fr~~~~~'.fJ~~~~~-':'· '.:2'~'Xr4~~~~?;i~~~~~§~CL~'~'53R=s-oo~~t;~~~S J-2 ;; RM-B9A 
TO PRIMARY (RAINS 
TRANSFER TK 'li'l 

2. PRESSURIZER LJ)JJ LEVEL SIGNAL CLOSES THESE VAlYES. J-t-l 
3. i" FLOW RESTRICTER REQUIRED PER 2 BVS·939 .EXCESS LEC"TIn-DO...... 2"X 3" 

'<::""---...... Cl-I502 4' 2" 'X ( - T78 J-3 
LOOP N21 

FILL 
LOOP ~ 22 

FILL 
SA 2 '" x , " f,~Bll: D 

AM· 8 Q 3" 

~~~~~~ ____ ~~~~~~t-~ ____ ~====~::~~~~~2~-~C~H=S~-7~5~0_-1~3=0~-2 ______ ~1'~'X~=--i~~~~~~~::i---~~~::~::~~:_~~~~~~~~~~fi~::~I~~~;~ 4 2.CHS.OO3.138-4 CL.I53 
RH.758 PRESSURE 

Z-CHS- PSIG 
TO PI'IT 2-( HS-OQ2· 443-0 I 2-CHS·0Q2-I05-2 Cl-I53 2·CHS-003·106-2(Z-) 
E-I 

2 -( HS-0Q2-444-02 
2-CHS-750·I04-~ 2-CHS· 750· 103-2 CL-I53 -

LOCF N23 
FILL 

r2'CHS-T50"5t:l1-2 

~W160 

2 
r-1::I.. 153 rL'-lHS-500-238-2 o 2·CHS-7Sl·I02·2 

2-CHS-750-445-2 
CL-153 

-=1---"',- 2-CH5-002.186.2 
2-CHS-7~.32-2 

2CHS-750-9·41-:2~ 
~~::~~~:---~~~~~~~--~~~tr=~~CH~OOc462-2 

-If---- ~ /lrL-CHS-750-<\53-2 2·CHS·0Q2·IB7·2 

l"-m 2-CHS-7~.33-2 -

4. WESfINGHOUSE VALVE NO. SYS. 
~ fT78 VALVE SIZE & VALVE TYPE (SPECIFIED 

IN VALVE REF. GUIDE) 5 . 
6. 
7. AU VALVE<; &: INSTRUMENTS SUPPLIED BY 

WESTINGHOUSE UNLESS OTHERWISE NOTED. 
8. WESTINGHOUSE CONTROL EQUIPMENT IDENTIFICATION 

NUMBERS ARE SHOWN IN SQUARES ADJACENT TO 
BALLOONED MARK NUMBERS WHERE THESE ARE 
DIFFERENT. 

9_ FAILS WITH FLOW TO VCT ...!I 
(,) 

~'I502 

2-CHS·00:!-9SI·2.A 

~:'-T78(TYPJ 
4 D 

10. THIS SYSTEM SHALL BE MAINTAINED TO A CLEANNESS ~~ 
LEVEL "B" IN ACCORDANCE WITH 2BVM-62 

SYS SAFETY CLASS 
I INNS 

TYPICAL VENT 8. DRAIN DETAIL 

MOV 

# I SEAL LEN«FF ,,,,,,,,,= 
2-CHS'750-257-2 

2·CHS·150-531-,"""" 

2- CHS-750'-31':+-2'""\ 

NOTE 3 
~202(A-l 

OTE 

HS-750'61~~~~ 
--~ 2"-C ~E 
2-CHS-002-Q6-1 (A-) ....... 

-153 CL-150 '153 

2·QoIS·002-11Xl·2 ..... i'-2.-CHS-002-4SI- 2 ·2-QfS·OO2-IO 1-2 

2·CHS- 7'50-112-2 

2·CHS-500-258·2 ~:_ 
Z-CHS-750-256-2 (c,: 1..,...- a.. I 502 ~~ii'i 

l"'m~ '" 
'('rtf'l r-:=l 2- CHS,-75()-~2::2--, 

1y;i1.:.--2- CHS-500-299·2 

l'X I 
2- CHS -150.~)t:2=----

2·XI ' 

2-CHS-7S0-316-Z 

l"'3~F.3.~~ 1/6-1 (c. ) 

i~~~~~~[fD~¥~~~;r-T78 2'CHS'750-11 'Vljj;_~ HS-750-319-2(C-) 

'---- ~- CHS'750 -31 e:-=.\.I~'HS:~5()':'6.~5-;~(C-)J 2RCS*P2IC '\ LOOP 23 

NOTE 11 lI<V201 

2"- CBS---"{\ 
2-CHS-002-97-1(B-)-.... 
NOTE 11 

2"'T88--ll 

~~~~~~~~~~~-====:-__ 2"-C88 -----I"" ) ;' h.. 2-CHS-002-98-1(C-)--+I ~==3~~~~~~'f/ ~ h.. NOTE 11 
~ 2"-TB8----<~ 206 

____ -2[ - T78 

2-CHS-750-239'2 
CHS-025 -39:0-2(Z-) 

if--t ...... .h.-:~ 

TO SEAL 
WATER FIlTER 

~·79A 

A-6 
z.-cHS-003 -106-2(2-) 

II. ALL CI.:1 PIPING FROM 1* 10 2" DIA TO BE BIJTT WELDED 
EXCEPT AT CONNECl"ION5 TO w. SUPPLIED EClJIPMENT. 

12. PROVIDE A MINIMlJM OF 5 FT. OF STRAIGHT RUN 
DOWNSTREAM OF ORIFICE. 

13. VALVES WITH V NUMBERS LISTED IN THE VALVE 
TABLE ARE SUPPLIED BY S&W 

14. ORIFICE FLANGES WITH SOCKET WELDED TAPS 
ARE PROVIDED FOR ALL FE'S. 

15. METHOD OF CLOSURE FOR LOCAL VENTS, DRAINS, 
TEST CONNECTIONS AND CHEMICAL CLEANING 
CONNECTIONS SHALL BE AS SHOWN. REFER TO 
2BVM-211 FOR ADDITIONAL DETAILS. 

16. '* DENOTES SAFETY- RELATED ITEMS. 

. . . 
17.- FABRICATE LINE OO'S 2-0'15-002-2161 AND 

2-CHS-002-1'1 FROM SA 312 OR SA 376 TYPE 31GN 
MATERIAL. 

18 ~@J INDICATE.S FURNISHED BY STONE &. 
WEBSTER ENGRG CORP. 

LEGEND: (CONTD L-8) 

1MB - INS IDE MISSILE BARRIER 
OMB - OUTSIDE MISSILE BARRIER 
F C - FAIL CLOSE 

1 

~V200(A-) -. 3 ~~~~"~8~8~~~~~~~~~~~~~~~~, ~ '- NOTE SET PRESSURE 2"-C88 OMS 
(Ty P) 

YNOT (C-) NOTE 3 

(~JS'd SET PRESSURE 

/\____ PRT - PRESSURIZER RELIEF TANK 

~ -1~.,(:-~NE N~MS~R 2-CHS-003-120·2 CONTAINS A 
e J,::.,.-I. 

2-CHS-750·618-2U\-) 2690 PSIG 

~S~C,----.!,-1 __ ~ ... ~~~~~~ ). R,">Q-2 (A-) _ 
f­
Z 

n: w 
SC-2 ~ _ --o L --_,---.-----

W f- z ~-2-CHS-750'251-2 
OU -- « « 
III W f-
Z n: Z --- r::tQJE 2_0----

~T7~.~ 

~ 
~-Th<;n~;::~~~i------ 2'CHS'002-94-2 (S-) 

~~ ____ \< 2690 PSIG 

SC-1 ~~~~~~~~ ';'s';'c"""-2;""-- ~ 0-661-2 (C-) 

7\'---*V109 (C·) 

SCH XXS SPOOL PIECE. SEE PIPING OWG 
FOR C'ETAILS. 

REf tlMCE IJW! I NGS; 
REACTOR COOLANT PIP I NG 
RESIIlJAl !£AT R90VAl PIPING 
IDI'!IENT COOL I NG WATER PIP I NG 
QfEMICAL I YCL.camu... PIPING 
NJCl.EAR VENT I ~IN PIPING 

fM75A18 _ 
fM76A 1-1-1: 
fM77B 
fM7I1A&O 
RM89A 8 ~ . }~T 78=-~· ~~~1--2-CHS-002-95-2 (A-) 

___ -+__________ 4 LMV(TYP) --- '=E) 
~I~~~~~~~~;;~{e--- 2-CHS-002-Q3-2 (C-) 

- - - ----..!=.:::::=.---·-.....:..::::::=----II \@I--------- - ------..!:::::.=:-----.::.::;;:.;~ f-I ----------- - - - ----------' 
REACTOR COOLANT PUMPS ~ 

X-36 e 9 

o 
Ol ..... , 

<;'J 1: 
« n: 

FROM 
CHARGI NG PUMPS 

CJ 

R 
\ 

N L 
, n: 
« 

FROM 
CHARGING PUMPS 

a 
Ol ..... 

FINALIZED FL.UID SYSTEM 
, 

';l 2: « n: 

FROIv1 
CHARGING PUMPS 

IS_SUE D FOR PRODUCTI 

NUCLEAR SAFETY RELATED 
THE INFORMATION ON THIS DRAWING MAY NOT BE 
COPIED OR USED FOR OTHER THAN THE' CONSTRUCTION, 
MAINTENANCE OR REPAIR OF THE PlANT FACILITY 
DESCRIBED tN THE TITLE BLOCK. 

DUQUESNE LIGHT COMPANY 
ENGINEERING .. CONSTRUCTION PITTSIIURGH, PA. 

SCA.LE AftCH. API,., 

~====:j~~~~~ ~~~~~~~E~LE~C~T.~A~P~P.============j :::. NO!oJ E f.: CHECKED MECH. AP,.. STONE a WEBSTER ENGINEERING CORP. 
BOSTON. MASS. INSPECTED . APP. 

CD TIIIII LM 

APPROVED 

FLOW DIAGRAM 
CHEMICAL&VOLUME CONTROL PIPING SH 3 
BEAVER VALLEY POWER STATION-UNIT 

-

~~~AA No.I0080-RM-79C 

&W DWG. NO.12241-RM-79C-



2 

3 

4 

7 

8 

No 10080-RM-007go 

2-0AS-750-.. 1-4 �::�� ·-...... -------"------===;;;;;;o.....-.;;;,'4.-;� 
RM-eqc NNS1��-2 

CL -<52 CL· 1502 

DRAIN 

2-SSR-500-qH-2 

SEAL MTER 
I lllll:T I CIN FIL TEllS 

2-CHS-750-174-218-> 

C!;TNSS � QA.CAU l! 
so-2 sc-2 

1'1 l'I I r1 1'1 1 

D E 
CL-1502 

2·CHl·7'0•291·l(Z·) 

2·515·004-87-2 (Z-) 

CL-103 
CASING E·x::;;;,;-z 2-00S-750-88·4� DRAINS �--------------------"-''--------•>-----------

COILllCI M1Ell 
11111£ 2 

E-1 �--� 
2-DGS-750-87-4 

RM-B'm-E'---------------------'--------------------.., 

'I 'I l'l'I ' l'I '1'1 I 
• 5 

F 

Z-·lll·Z!Z·) 

I 'CE I' 1'1 
G 

2-CHS-003-80·21Z-l 

CL-1502 

1'1'1'1 
8 

'I I I I 10 
H 

2-CHS-004-76-ZIZ-> 

ti.· 11111 
2-CHS-004-72-2<Z·I 

A·4 
RM-87A 

I I I 
12 

J 

2-CHS-001-q50-2-{ 

0 ·� 72-(TlP) -
z.otS-lllJl-15-Z(A-) 

!olllS-llllll-5·2(A� E-< 

.--....... -----< RM-87A 

2·CHS·008-20<-2<Z-I E-B 

CL-153 
2-CHS·002-56-2<Z-I 

CL-153 

RM-7qA 

E-8 

RM-7qA 

E-q 

RM-87A -----'• 

E-7 

FROM LHSI 
PUMP 

K L 
VALVE 

IDENTIFICATION 
MARK NO PIP! SIZE QllANTITY 

V86,87, 88189,90,9 
92,93,94.ll�209,210 

VSSl5D·A•2 r 12 

v 161, 162, 163,164,165 VSSl50·A·2 3• 9 
166.167, 168,913 4 

V216,217. 914.915. 
VOS150-X·2 3' 4 4 

V211,212, 214,215 \05150-X-2 4 
\05050-W·4 t• 

T7B Cal AS 
SF'ECIFIED lit 
ENGMERS) 1" 14 

_. .. 
I. THE CONTROL EQUIPMENT llAAlC NUllER SHALL INCLUDE A PREFIX WHICH JI IDINTtCAL TO TMI SYITEM COO! PREPIX 

FOR THE AUOCIAT!D lQUIPIHNT OR PIPE LINE UHL Ell 
OTH!RWIH NOTED 

2. MULTIPLE COOLIJIG WATER UNI CONNICTIDHI FOR HAAJltG 
DIL COOLIR Ml REQ.UIRED. srr PUMP ORAWIMliS I RM-4JD 

:a. ll!CKANICAL BEAL TILL'tN.I COflllCTIONI Ofl Al.DULIARY GI.MD 
M"��1g>NK£CT<OHI Oii aAllO PLJ.n [NOT lllOnl 

4. �r'J',,���'c,?'J�l:f,?�:�ET!AS STRAIGHT RUN ON 
&. WfSTINGHOUtl YALYI fl.IMllRIM IYITIM r.:;.;:- VALYI llZE f � VALVE TYPl(SPmFllD IN VALVE MP GUIDI) 

e. ALL ... Lvn ' INITRUWNTI IUPPLIED llY l<llTIH<l­
UMLt:SS OTH!RWlll NOTfD 

7. @DENDm EQutMNT 5UPPLIED llY l&W 

I. WHTINllHOUSI COllTllll. IQUll'lllNT IDINT<FICATIOll llDS. 
ARI SHOD IN ICl\MPl!I ADJACENT TO MU.CXlmJ IMM 
NUMIEAI WHIRi THiii NII Dl,,IRIJIT 

Oa VALVES WllH V N.lll!IERS LISTED IN THE 't'lLViTAl!ILE 
ARE SJPPUEll BYS&W. 

10. STRAINER ELEMENTS HAVE BEEN REMOVED ANO 
STRAINER BODIES HAVE BEEN ROTATED. 

11. VENTSHAU. lERlllNAT! IN10 AN OPEN FUNN£L LOCAlEO 
lO ALU1it OBSEllYATION CfflDll lJURll5 ViNTlNG 
OPERATION FROM REllCJl'Al!U l'UJI CPENING AT lOP Cf FllJEA QJBICL£. 

IZ. OAIFICI! FLAIRI WITH SOCIC!T \nlJlED TAPS Nit 
PROV<DED FOi\ AU. FE's. 

13· =��c:�cux..� SHAU. BE Mo IHOlllL � 10 ZIYll-Zll RIA ADOITIOll\L 
DETAILS. 

14. THIS Sl'ST!M lO BE llAINTAINlll TO CUMNal UVE'I. 'rf IN ACCOROAHCE WITH 2BVIH2. 
IS. ("1DENOTES SAmY REL.I.TED ITEMS. <SEE NOTE 221 

16. FULL ID K0THICK SPACER TO BE INSERTED 
BETWEEN°'THESE FLANGES 

17. WHERE l.NIONS ARE NECESSARY TO F.eclLITATE 
EOutPMENT REMOVAL USE1 

A-182 F304 3000• 
WHERE THREADED ATT<NGS ARE NECESSARY DUE 
TO SPACE RESTRICTIONS USE: 

"CAJOH'STA<NLESS STEEL TP316 
STREET ELBOW(SE)h·12-SE 

�������::<�CG)�-12'-HCG 
IB. LINE NUMBER(SllSEE EEi.ON) CONTA<NIS)(A) 

SCH (SEE 8El.CW) 9'::IOl P<E.a' (S �SEE 
ISOMETRJC(S) FOR DETAILS, 

LIN NO. SCH A 

2-<:HS-750-916·4 405 
2<HS·750·917·4 405 

19. VSLO CONNECT<ON 20GS·500-93-4 FOR 2CHS'FCV100 
IS NOT REQUIRED, HC1NEVER1 THE LINE IS INSTALLED. 
2-DGS-000-93-4 WILL REMAIN ON THE FLON DIAGRAM. 
ANO WILL BE SHONN FUNCTIONALLY DELETED 

20. FCR VSLO CCNTINl.14.TK>NS � RM-898 
FROM VOLUME 

21. TEST CQl.INECTION FLGS. WITH 112' S.W"3£1.0K 
CONNECTION. 

CONTROL TANK 

FROM BORIC 
ACID FILTER 

FROM RWST 

22. M SHOULD BE DISREGARDED. REFER 
ENT APPLICABILITY LIST CEAU AS THE 

TING OF ANY FUNCTIONAL LOCATION'S 
RY. 

REFERENCE ORAWINGS1 
CHEMICAL &. VOLUME CONTROL PIPING 
SAFETY INJECTION PIPING 

"'-----------------------------�-.. ... ------------< RM-87A FROM LHSI 
PUMP 

NUCLEAR VENT & DRAIN PIPING 
SAMPLE PIPING 

RM-7qA & 
AM-87A 
RM-sq a 
RH-qq9 

9 
2CHS-STRT1eq 

IEDWCICM.SIEAL 
TELLTM.E lllAIM (TYP) 
NNS �· SA312 TP304 SCH .CO 

OR SA378 TP304 SOI 40 
NOTE 17 

I TCN 
CL MFG CL-3021 

A B C D E F 
�-----------------------------------------------------------�PR-':"<P='ARE�D�ON:::. � 

M:\u2\RM-00790.0GN THE BIPS � 
G H 

Sf5T£11 

LEGEND1 
-6.4- - DENOTES ELECTRICAL HEAT TRACING 

NUCLEAR SAFETY RELATED 

REVISION 4' 
INCORPORATED 

DUN 0-4-0477-0B2-001 
OUN 1s-0•q2-0Bt-e10 

OM FIGURE 450-3 

NNST ENERGY 

QUALITY GROUP CLASSIFICATIONS ARE 
'INCORPORATED BY REFERENCE' INTO THE 
UFSAR. A CHANGE TO QUALITY GROUP 
CLASSIFICATIONS CONSTITUTES A CHANGE 
TO THE UFSAR. 

BEAVER VALLEY POWER STATION UNIT 2 FE NOC NUClEAI OPEIATING COMPANY 

NONE c,-,--�,--"-7.""'�+-------! � GJt 

11/17/u6 
J K 

FLOW OIAGRAM CHEMICAL & 
VOLUME CONTROL PIPING SH 4 

F.=.---F'::·�--iAA �0':80- RM-00790 

L 
44 

2 

3 

4 

5 

7 

8 

9 

8 

! 
I 



No. 11ZJIZJ81ZJ-RM-IZJIZJ82A 
A B 

2 

3 

V 3  .. 
1:1 !! 
J i � 4 ':' 

� 
'i' � 
.i. 

FUEL BLDG TUNNEL 
CODLING SY STEM 

9 

A B c 
M: \U2\AM�0082A.0GN 

!'I 

D 

AUX BLOG 

1'1 I I I I' 'I' I I 

E F 

ffN0-001·40-4 
CL-153 

ACU DRAIN 
TANK PUMP 

ZFNC·P 26 
20 6PM 40'TDH 

(K·4l RM-998 

L.---'.-
D E F 

PREPJREO Oii 
THE ENPS 

I I' I'([ I 'I ' I I' I l' I I' I' 
7 8 

G 

DRAINS FR<* 
FUEL BlDG Al R 

CONO. U N IT 
2 HVF-ACU 210 

ACU DlWN 
TAlllC 
2FNC"TK21 

CAR265GALS· 

G 
CAEOOI 
SfSTEll 

'I' I 
9 

I 
H 

CL·l53 

2 ·FNC-001 ·14!!-'I 

CABLE VAULT 

J 
NOTES(CONT FROM J-9) 
20. PIPING CL A SS CHAN G E  TO OCCUR 

INSIDE THE FUEL BUIL DING. 

10R CONTAINMENT 

NOTES (CONT FROM L·8) 

FROM RHR PIM'S 
_, 
i. 

!TELL TALE ZORl\IN LINES 
lTYP) 

F--.�� z.._, ..... 
Q,o 153 CL-I . � 

TO CONTAINMENT � 
(R�.:A) � 

. •. Co-a> . ' 
- NUMBERS SHALL IN<:WDEA PREFIX 

l11�1nrr�i:a� 

·,I��� 
UNLlll OTHIAWI TIO· 

7. 111r.1no 11141-11\'H . OC.ATIOH ON �IJVIUN• CAY LIU� 
. 8; PIPE ENDSMlOVE/IOlXIMUll WATER-LEVEL • . S. LOCATI VALVll Al CLOll TO POOL Al POHllLI. 

IO. HOll>COLLAPlllLI PLIXllLI TUllNO. 

2 

3 

4 

6 

7 

11. W"\!l�W&·� VALVES AAf. INDICAlED 
12. rir'i�wi0ilil��r10CLE'ANP£SS LEYEl\l. a 
Ill (RM) R EMOTE MANUAL 

H 

REVISION 33 
INCORPORATED 

DUN 13-0562-001-005 
OUN 13·0562·002·005 
OUN 13·0626·001·002 

14. ME'll«lO Oi Cl.OSJRF. FOR LOCAL 
'IENT!;, DRAINS, TEST CONNECTIONS 
AND CHEMICAL CLEANING CONNEC-
�8��/b'ii���L

R
D� 

IS. THE FOLLOWING SUBSTITUTIONS 
ARE ACCEPTABLE: 

l.-VGSOl5·A·3,4 FOR. YGS060·V·3,4 

l!?".!::J:•c 16. BLANK FLANGE D CONNECTIONS ARE TO BE RM·112A USED A& CLE ANOUT CONNECTIONS AND 
=·4711 FOR USE WITH A PORTABLE PUMP. 
RM:m 11· ���tiu:r;m����?TllE� RM•7911 f 

· 

�=� l8. 
��i:.�\HE(A:E�'i!ft'iWH�R

AIN 
FLOOR DRAIN. USE CL·153 PIPE. 

AM·9ZA 19. l DISSIMILAR METAL WELD 
RIMlll (CONT J•1) 

PamCHS a: ntlS llOClJ'ElfT /lllE. CLASSIFICATIONS ARE "INCORPORATED 
INTO THE UFSAR. A CHANGE TO QUALITY 
!CATIONS CONSTITUTES NUCLEAR SAFETY RELATED . 

FENOC F11sr£NERGY 
NU(LEAR OPERATING COMPANY 

q/16115 
NONE HVF 

J 

HE UFSAR. 

BEAVER VALLEY POWER STATION UNIT 2 

FLOW DIAGRAM - FUEL POOL 
COOLING PURIFICATION PIPING 

RM-0082A 

L 

-· 

33 

9 

8 
I 
I 



, , ........ \ 

~N~O~.~'IO~I~O.~8~O~-~R~M~-~)~~A· ____ ~~----~~----~------~~--~------~~--~-'-'-'~-I~jl _'_1_~"_J_I_I ___ 1~i·_I~,~I __ I~IJtI I 1 .,' II 
I A I B 1 . C I 0 . I _ E F . I G. 

III 'Il III 
'0 " , 

, I I 

l 
J I I H L 

2 

NOTE 1,1., ~--""",~\;~7,-",:\l~~\lL"";V~ 
(TYP) ~ 2 R5S-008-103-20E-) 

r----....,'J " nna ~" "(x-) ] 

D.. D.. C. .c. 

~ _ "V " '" '" 
~ ~ ~2 RS&O08-62-2 (X-li 

~ '].... "". "1-2(X-,. 

A ~ .c. .c. 

!!~ ~, "~(D-) 2-3600 RECIRCULATIIW 
~ ..... r" v Iv:;> st'RAY HEADERS ........ / 

r-;:~-RSS-002-97-2 (B-) 
IAOCS /O~, IC(Il)NOZ'lLEAIRTEST TCN 

" 1_1~7<' 'v - (TYP)(NOTE 3) ~.'FE~"J\RDS 
~ . ~I~==I~~R~~~~~~~~'~~~~ 
~ Abc CONT BLDG 
~ , 
> 

\s 2~CS~i'~2#LG NOTE 
(TYP) 

K 

2-RS~-001- 208-2(B') 

LMD 

YALVE 
IDENTIFICATIa. 

IWIk PIPE 
. IU.R SIZE ClU*fITY 

VII4, liS, 116, 117 

V17,20 

VVFOIS- A -4 6" 4 
rl~""""'I---..,.~ VBSOIS-D-4 ~" 2 

V25,2627.28 
86,86,87.M,89/90, 

91.92,101.102,103.104 VB5015-Y-2 
18.19118,119,120,121' 
1'b~~,900,901,902, VBSOI5-D.4 

V5,8,21, 22,23.24, VGWOI5.X-2 
112,113 

4. 

3" -4 22 

5 

." 8 

I • V52,53,S4,55I"f)! ,r. VGS060-V -2 4 
VI,2,3,4 ~CW015'l"2 (WLC) 12" 4 

V69,70,71,72 N8rE V-GS060-V-2 ~'-I-_....;.4--1 
VI23 VCWOI5-X· ~ 3" I 

V64, 67,68 VGWOI5-X-4 3" :3 

V94,95,96,97,98, V8S015-Y-2 r 13 
99,100,107,108,109, 
1I0}1I1,124 

V105,106 VBSOI5-Y-2 z· 2 

I 

-

2 

'C. NUl t-'" (TIP) AD C t::::::;:,.. 
--1:\'3.9 r2-RSS-750-72-2(S-) r.:~'-: NOTE 2 
o L (\'-'~./ Aj"" II l t-')., ~~ 750 -84-2 (B-) 

-.-+--1 L M (TYP) 
-I® -

® 

~ru 
© s 

;[ ~t 
® 

--1:-"- -

.... 8 r-... 1/" (TYP) *V4(';~ ~- I. - ~IOI "".... ~, ,2-1 
r.1l r t .. r: ADC ~ (B-l ;....- \ 153 \ RSS-012-12-2(B-) 

~ ~ Ctl53 SC-2 r-' ~~~~~~_2-~,,,~~,.~r-.SOcSOO~~_.,~04-1~~·(BB-r~----------~~----~------------~~---------------------------------------------------:~::::::~~--~~A~D~ClF~N~~~~n~~"~~~~~~~~'1~~~~; I'~~~ 
I (f1 (TYP) CI:152 NNS /r---NO 6 ~ V r2-SIS-OIO-4B.2!!3-l .... 8:[:;8·-,to., fA t---\\~/ 
.\.'t ~ 2RSS-STRT252 j (~l ~ ,c-" ~~LO r-----..1./~ ""::;;_iTIMN-8811AA ....... SAFETY ~ 

."" ~ 2-RSS·012-227-4 ~-1f41 t56gk~P)' ~DC~ 2 "w-750-85-2(D-) ./ (6'-7) ~~~~i110N i 
N r: ~ _ ADC Q{ *(0-) Y 2-RSS-012-1I.2l '\ '\ CL.IS! & (TY p) 

N .,,_n""7<;(J-73-2(D-) .~ r.) ~~ 1C;C; )- .... -- 2-Rss-004-l9-2 CD ) l!i - . -- r \j ,.._(0- ET PRE55URt2.D (TYP) * 2RSS-STRT251--,,1- . ~ _::,.., ~...n "'D- /-2 5-010-47-2\A·) 
(f1 2-RSS-012-226-4 -:F " VII7 '-~--~ _. L~1D ----.L--....... ':)o '''' 
(f1 " - t..~,) ._~ ,-- /' ". /-
a: 2-RS5-006-231- !l :r''l (CO)" AUL ..., nrr ~~ ... -86-2«( -) ,. 
N )(_71 ,- *VI03: 1_ - ,~,~- . 11:''''' "1i'54i I)(m~ . r: "'" 01.1"11" (C-) ~ 2-RSS-Of~-4-2(C-)\ ,\Cl-I53 ~ '~ ,..-6~\;~E)D 

-2'RSS-750-74-2 i C-) ~ /;"2IC-) ., RSS-500-206-2(C-) 2-RSS-004-18-2 (C-) 

A SET PRESSURE 
~130PSIG 

............ ~ 

~ ~ -v, ~ 

"'" /F ~ :cr _;.e,,:,:.11"210-2(C-) 1----\ ~2-RSS-75~~~3~Fl~~;) V'" "12-11_2(0-) V2-RSS-012-12-2(B-) 

2· RSS-012-225'4 • ~:~D ___ ~ ~ PSIG =I= 
2-RSS-006-230-4-1......J' VIIO CX~IV- "' .. , !IMb/ADC 2 I'bS-750-87-2(AY) 2·M~·OIZ·H{A.\) -" J -J~v.: 

-0 ri" ~ '" ~. CL-I53- ., RSS- 012-4-2(C-) k _NNS l101D"7J rr,_, "r 
2-RSS-012-236-2(A-)7 J... \!:V ,-... .. ~~-I53 of' *(~ ·~'''L!''RED'' ~~~5; ~ CL-I53.../ 

NOTES(CONTD) 
17. LI NE NUMBER(S)(SEE BELOW) CONTAIN(S) A 
(SEE BELOW) SPOOL PIECE(S). SEE PIPING 
DRAWINGS FOR DETAILS . 

SCH 

LINE NO. SCH ADDED 
2-RSS-003-38-4 160 
2-R S S-003-40- 4 160 

18. THE SYSTEM CODE PREF IX FOR TH IS 
EQUIPMENT IS "2DAS'! 

19. PORTIONS OF PIPING IN THI S AREA TO BE 
TP 316 sis. SEE PIPING DRAWING FOR DETAILS 

20. (*) DENOTES SAFETY RELATED ITEMS. 
21. INSULATION FOR LINES 2-RSS-012-3,4, 11. 12-- 2 

SHALL ONLY BE PROVIDED IN THE SAFEGUARDS 
BLDG UP TO THE CONTAINMENT PENETRATIONS. 

3 

-I® -

.? n""-750-75-,(A:) ;C- 2 ~ ~I(A-) /', ~)C ''''"17-2(A-) ; "../ ~(~-L - lTYP) ; j, ~ .~_"'E2IC(C-) : ~ ,-2RSStcE2ID(D-) 2-SWS-016-67-3 . , ~R~S"~~ES~I~~W;?",~.} 
J.N~ J', =f' rzc::;:I-~~i~f·\. ~ • ?::;,~, 1"" :;;OIA .. . f 2-SW5-016-•. "L\ . . SWS I "". , I -'v" "' ""PP..oY ;::s~<:.~a.~~'~~ 

" :r\12-22~~f~~/1 rVII5 \.Il \ /' '\ \ r<,_) .\ ."'"" "16-'" "'''--)~C~ ~N& 2- -06 .• J-" /' "\\ :I-SWS-OI6-73-3(S-) e.C2. IN~~ SERVICE WATER ".,".;> f J..., 2:S'o'tER tlYPI~""L " -

.... - .~:.>. ,,- ,... I" IW i> RM'47B /. /I. ;: RM-47 B (G-8) Stl ~ (G-7»RM-47B........ 1 \ \ ;. RM-47 B '\I.>"r, I",·t)~ RM-47 B ): ::. RM-47 B (G-6) ~'" ~ l>Rss:RM-.n B .:;. y~ .;:: RM-47 B ..... 'r~' WA~~ 

."nrr "' " JI .... /CLlS2 1 ~ ... V..... 0 2' }.,..... , 2-' .... l;·' ·z " ~..... .,:,..(' (B) ./ ( ro- n 
VII4 1"~r--t---;""'-;~:Ri~-500·:2fJ7·;:'~(A(A--»)·J ~-; , ,,~~ ~~,~ , .. _L ~ -2"'55.,,8 'r ,~w, -~ 0'; .. ' ~ 1.~5,>.a2.0-- :,';;';,n.l. 1 .. 10." .... 2.21 "'- ~ J~_~~~ .. ~ Z" :".- [iq 

2-RSS-006-22c " 7=- ri=- PI -ir-.. NOTE 15 I IN ''-~~~(A-) n .1"";" .: i' '--""~' "~S'750.'/8.2. ~_I"2. tD: ~. ·o_~., •.. 0 a.-I"" "I~= 'I.'" -~. 2·A,';!I·150,'ZI·2. eL"' ,= 2.·R~~· 2. 
'\ AU\. SE PRESS '- ,;?:- ,~~ , ",';:;''';;'''-l, ,J(CC-) ~~': = . .t-J.,-i '" - ';~ _?* VI071 ~:>'R~!rSOO-1D"'2(,t.-) 

c:-. ...., Q ............. .w PSIG '\ ~·~~~·soo·"e· 2(11-) / , • ..>iE- ,_ ,~, " ..... ~.OO·\OO·2.(,·) \. * d:;: Z'RSS·500·I02·Z(O-) " ,"- \ ArlC- / ..l. W0 JO~C) H" ~ I (,~VJ (.t~t.,,,~:;Cft ;C~2 NNSRV- ), ¥,,3(.f~ *(FT\ ~R) :(" , . 1X~ RED'T "'r ,"'.e' I,] 

r_-=::;j~:;::=~=-~~::-:~/~~:::..........:::::::::...._....:\'IC::::'2:::::~--, ~ .:;,:-.- 1JA.)~J~AR) ~I'.A , "'r\jil 1?79(c, ~ .1.:' ~CDWl ~._\I" ,_I \... '~:B-) 'v \-ly(BW) 

~ r , n--LEVEL ALARM HIGH i CPPD CONN..v"· ,.. 1-',"'-"-RSS-500-GG-2(A-) 2·RSS·012-IO·Z ~:;' ........... ~ I-t; '-RSS ~~ :8:-2(C-) ... ~ 03-2(D-) - ., ............. L- ~ ~ ~ 500-105-2(8-) 
- I,/" PRESS\H: CHAleER 4 (TYP) -...... RSS-750-30-2{A-) ~ ..... ~r .... _"l" , 2-RSS-012-2'2(01T--~'''' ' 'r~ ~~~ .~ ~ "Ti\......... ..., ""r .. ~,.. -...... "(8-) 

~J' HOSE BIB '" (T ~ ( r r- ~\~~" ( .'!. ~ l-- ' J 

-'>-"", 25-4\1)-- /PT"2-RSS-0Q4'110-2(C-)- ~ .7 i ~. .' 'PT ? R55-750.90.2(D-III",- r;n- ~ 131 {grT 
'rr:: ,-- ~ '''A): -')Ir-)- ~" ""AIII-2(D')'-.:/O'1lI '1.-' -CL153 ~. 
u..J---L.£VEI.. ALARM LOW I.r-CLl53 (A-)~:'> A~" ~'-.Jm ~~:J ¥- ~~ ~,~ ...!,'OO. ., :) '- ~ --;;:. d ""~ , ... 

~ENT I" ,'''v, I:. "v.:: ~\.-J .-(IInV· , 2-,...,..,5-375-32-2(D-lCL-TNSS • 
I£AT VENDOR S lW 2-RSS-012- 9-2 ( . QA CAT I SC -? "CL153 ,."".- ,101 l A~'v11 0' ~ , I ./' 2- RSS'010-37-2 (8-) 

EXCHANGER C ;l5~v \ ~ ~...' _r.1 ,.... ... p-, CL-153 ~'tl:. ill • 3 C ., __ .1 ~ 
I" 10'" J .~ -' I _i!~~~~------"~~~ rf'i7 i':;"', '" "'........: -,,·PAS-375-31-2CA-) Cl-TNSS 2·1155·010·35·2(C-:)--..' IS3 2'R5S-010-06-2(0-1. ~ I~ 4AI R T N ,- 2- 'r Vc\ "c _-.$3 :\ 
2 HOSE CON.. ADC I- -FILL CONN '\ 17 ,';;.';;. '''- .. . ~ "" _ . ., .-" _';I~_\ 'W- .... (¥V' *v 1~{:i;J "~""'o "'u .... ,~~:;tJ.. . "'Lei QJ;c~' T I &. HPV(TYPJ ~ @ I I l.v oJ) }' 

'17-0:[-0-' ~ -;;::;;,. "M-99E .IA-"-''''/C:.} .- '-~'-\.~-'f =',;---t: .. ~ ~'<J)..:.L. !S61V .'9'1 r .... _ -,50-45-2(8-) 

~SHAFT (C -7) v -=-:;- ""'''-" !'::" I' 'r~ ~f~~ ,. ::~o 1 ~ .. "ATER ~ 1/ '\ r~ '" ... 'i'I[ ';'~. ""AL / '\ 7 RM ,~'. (A-5) , V20--t:-o -..:.;; ~ 
, (E-7) ........ ----I =~~".-:-~: .. ~~~P'. J ., I ,,=,,~ ." , AU\. ~~ -- ''':['j' \I~- ""~~!' (B \ I~" ' .... 1 . C ,'" .152 (G-7) .-........... >lL ~-' - :, '::>~ 1,\ ~ ~, IL .::.. ,r;::! -'" =. >lL ifPi\\ ,~-n~S-150'44-2(D-) .., ~ILI ~S 

.... (J'7) .... -'V"·I"'54'·.. ~V21 J'{:~~' ~ ~ . ..;-; @.:,r-C.LIC,::\ oi~1I9wr-' :' ~ ~ .... ~T(D-)ADC ft,., c!!\ 1 1* ......... * __ --, 
~ , ~ --to 118" I>.flr' 169(A-) ~ . typ ~y rrr .... J ADi ~'Y)rr.,.l .~ ;;- ~ -~~ Do.) '- 'C:) '" Oi :~121 r,~ 10I.N- 1 '7£ (B-l 

~ ~ 2RSS*P21.&f.ll,(" .I' .; [1~') . .~. '12::>:> R"·S'~S'·: "'P2IC .... /./ - icC" ~ I r :n, 19 j 
IU)- ..f ~ '1;' '" or "t~i~ ~~~. 2RSSlit P21B( "". RSS-004-16 :~ (,'AF;' --" .2: \ 

DETAil 
BASE PLATE 

}"" SUCT I IW 
"'- "",.... .,-4 ~ FH Ipl~\l/ i'..-2.RSS-003-39·4 CL-15~ "-~-RSS'OO3-40'4 ~ R~~OO3-38'4 IIiJ !i,o':';;-''T'rct:./ 

cii"53 ,I:~~,~ 00' -2-RSS-500-201-4 '~f I ~.~}.~~\,/ CLlS3 .j;6; .!: ~;'J! r- r)LI JfALR!f~~~::~~L '!f I ~)~'~4 
",., Juu-901-4 ,. " . gj Ll. 2-RSS-SOO-93-2(C-l- ;.. 1\ / 2-RSS·SOO·94-2lD-) - -, I ';(i' I\V II~ , 

RECIRCULATION PUMP 
SEAL SYSTEM VENDOR SUPPLIED(TYP) 

,oADC I "-,, \ f-o 0./ *"'110(0-) 5 .L 11, "-
lL I J[Op.) RECIRC I ___ *VA109(C-) _1.... ADC I r~ ~ 1 '!-v ~c § t j "'II \I\:l_' RECIRCULATION SPRAY ~ 

:-..-;::::r----~ PUMP DRAIN \ ~ DC "", V· r<> N ~Xkr' PUMP (TYPICAL.) I' 
.!:!lf~~jO~_i'~ -2-RSS-500-200-4 lTYP)"V124 WiS _SC~ 2-RSS-500-906-4 / NNS.Lsc-2 2-RSS-SOO-200A-...... l:: )1903 u,," 3SOQGPM 266FT. TDH 

~~ZR) ~(ZW) 
2-RSS~.?'2.C2 ;;. 4 J / II J~ lO yu . 'A-'ADC PI ,~~ !~~?,SJ.:' ·900-4 ~L""/1 '--J I>.nr I(F ,'" 'VI'« JL~ 'Vl:I1IU-J ADC 

,-R' 1-4-' 0- I~ '-..J TCN ~Oy-' "2 X 2 I\"" '-oJ TCN 1\1-"0)-' L-2-RSS-500-903-4 "~''-'lTCN 
/RM'1~1E> ~ ____________ ~~ ____ ~ 

(G-9) "6~ V123 (v 122 "--2- RSS-7S0·80·2{A-l '-2-RSS-?50-81-2(C-) \..2-RSS·750·82-2rD-) 

2'WTD-003-Hffi~AR) ~ -CLlS3 ~~ 
\ r2RSSlEEiJIC _2.11111.." ~y (An) (l,~i"I ~ 2-RSS-012-64-2(A-) 
'---- CONTAINMENT (X-'i6 "" ..fi":<'. J.. A\-' 

~~~~~S~U~M;P~~ ... __ ~::~~~~~~~~~~. ~~~~ v ~ 
LCU53 JI2-5-2(A-) Ie ~~ \-NOTE 7 

. ~ ~~5:)- ry~ 

!:.IIUp 

\ SCREENS 

'-2-RSS-500-908-4 
2-RSS-500-904-.:1 

*V92(B-) 
ADC 

.1 ~ TCN ,- ~ ~ 

'-2-RSS-750-83-2 (8-) 

LE!8END: 

ADC-ADMINISTRATIVELY CONTROLLED 
RM-REACH ROD 

REFERENCE DRAWING5: 
SAFE TY INJECTION 
V£NT & DRAIN 

RM-87A 

RM-898 

5 

- ... ...--1 
FLOW DIAGRAM POST ACCI DENT SMPL PP RM-99E 1-----+-1 
DMNRLZD WATER 01 STR PIPI NG RM-101 A 
SERVICE WATER RM-47 B 
DEPRESSURIZATION PIPING RM - 85B 
NOTES: 
1. THE CONTROL EQUIPMENT MARK NUMBERS SHALL INCLUDE A 

PREFIX.WHICH IS IDENTICAL TO THE SYSTEM CODE P~EFIX 6 
FOR THE ASSOCIATED EOUIPMENT OR PIPE LINE UNLESS 
OTHERW 1 SE NOTED. EXAMPLE :2RSS'lMOVI56A. ........-1 

2. LOCATE LM CONNECTIONS AND SPECTACLE FLANGE 
NEAR THE OPERATING FLOOR. 

3. LOCATE Z' LINE WITH PWGGED CONN FOR AI R 
TEST NEAR OPERATING fLOOR LEVEL, 

5. RECIRC.SPRAY COOLER SHELLS HAV! 1/4" NPT VENT THROU.H 
THE. UPPER TUBE SHEET. 

I® -

&. UNLESS CTHERWISE lNDICATEO,ALL ROOT CONMECTIONS SHALL I~~ 
BE OF THE SAME PIPE & tODE CLASSES AS THE PIPE TO 
WHICH CONNECTED & SHALL BE OF THE SAME DIAMETER AS 
THE ASSOCIATED ROOT VALVE. 

7. PIPING ON DOWNSTREAM SIDE OF BUTTERFLY 
VALVES'2RSSlotMOVI55A,B.C,D WILL BE CL-I.53 7 
SCHEDULE 20S. , . 

11. THIS SYSTEM SHALL BE MAINTAINED AT CLEAN ' 
LEVEL ''S' WITH THE EXCEPTION OF THE 
CONTAINMENT SUMP WHICH SHALL BE.;·~.A"'TAI·"''''' 
AT CLEANNESS LEVEL "D: SEE 2BVM .... ,. 

12. METHOD OF CLOSURE FOR LOCAL VENTS, DRA INS, 
TEST CONNECTIONS AND CHEMICAL CLEANING 
CONNECTIONS SHALL BE AS SHOWN. REFER TO 
2BVM-211 FOR ADDITIONAL DETAILS. 

13. I NSTALL SPRAY RI NGS WITHOUT THE NOZZLES 
AND WITH THE NOZZLE HOLES PLUGGED,THE 8 
LOCATION ,QUANTITY AND TYPE OF SPRAY 
NOZZLES REQUIRED SHALL BE AS INDICATED ON 
THE PI PING DRAWINGS. 

14, THE FOLLOWING SUBSTITUTION IS ACCEPTABLE 
VGS015-A-2 FOR VGS060-V-2, 

15. PIPING TO BE TERMINATED OPEN AT EL 695!0': 
16. LINES 2-RSS-012-224,225,226,227-4 ARE CONN- _ . 

-r 

t CL 153 Ot2-6-2(C-) 

ECTED ONLY DURING PRE-OPERATIONAL FULL 
FLOW TESTING. BLANK FLAN.GES ARE TO BE 
INSERTED DURING OPERATION.BLANK FLANGES 

(NOTES ARE TO BE FABRICATED AND INSTALLED TO . 

X~~ ~ ~~~"~'2:-~R:S:S-~0:12:-~6:6:~:~:-~) _______ i./ :~::-::'£Z ______________________________________________________ J 
~rr ~'--NOTE7 

.~ ~~~_._~. ___ RS_S-_0_12_-6_7_'2_(~_~ ______ ~;-__ ~ __ -I_g ______________________________________________________________________________________ ~ 

CONT L:3) ASME m . 
NUCLEA.R SAFETY RELATED 

I ,~ ',1:.7 
",,--YAl..WE ENCAP5U.ATIDN 

( l'IP I CAl. ) , , FINALIZED FLUID SYSTEM ,i J;" 
, 
• . . 

THE INFORMATION ON THIS DRAWING MAY NOT • 
COPIED DR USED FOR OTHER THAN THE OONSIRIICTIDN. 
MAINTENANCE OR REtwR OF THE PlNIT FACILITY I -r of". 
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rc:r-'-l2 

No. l0080-RM- 858 
A 

INSIDE REACTOR INSIDE I .. 
CONTAINMENT =-...,. ... S .. A~FEGUARDS BLDG • 

2 -3600 QUENCH SPRAY HEADEIIS 
lNOTE 5) 

" 2-(;)5S-oO'2-115-2(A-) 

*VIOO(A-) 4 
~~ADC 

C 

OUTSIDE 
SAFEGUARDS BLDG 

(YARD) 

2-QSS-010-91 
CL 153 

'JA-·)--1 

EIO 
fT~iV~~~~i*SF2.1 (NOTE4) 
I ~ TC N 

_~~~~~~2-QSS-750~06-2 (A-) 
2-QSS-750-214-2 (A-) 

o 

=:-:-c:I'-'.NSIDE "I" SAFEGUARDS 
CONTAINMENT 

I 2-QSS-002-234-2(A-) 

2-0S5- 750-902-2(z-) 

-lN910(Z-) 

SET PRESS 
115 PS IG (TYP) 

1--:=:---2 -OSS - 002 -225 -2 (A-) 

*V144(A·) 

2-0S5-750 -244-2(A-) 
2QSS * STRT 210A(A-) 

*V96(A-) D ~N908(Z-) ADC *V98(A-) 3"x 2" 8 

J 

2-0SS·002-234-2(A-) REQ(TYP) ~b..,......L.jII-z,...-I~..,....,.---{ 
IIN~6E 2-0SS-002·234·2(A-) 2QSS7Ep24A(AO) 2-QSS-002-108-2(A-) 

. 2-0SS-002-241-2(A-) 
* V911 (A-) 

...u *V913CA-) 2-0SS-750-232-2(A-)-0/ 
r---,--.....I----....,...:;,a.--fIl"T""[>JF<JC"""'7...;;;.--I t----.rl ..... ~D ~ * V137(A-) ----:'7 *V132 (A-) 

2-Q SS-750-901- 2(Z· 2 ·OSS· 00 2·251 - 2 (A·) -- --""I'""T....:..:..:...:..::.::.:....:....~c:.~N V 
2-0SS-750-9C02(b 1-"---1 2-0SS-750-905-2CA-) 2-0SS·002-250·4 -----""" 2-0SS-750-903-2<A-) ...__- ,*V912(A-) 

2-QSS-002·217-2(A-) 2-0SS-002- 227-2(B-) --, ~...r4-...2i.r:-:=::::::,~~~N D E-n· ~ III N *V133(6-) TEST FLANGE 
L_-=:::::NO~RMALLY OPEN 

J I NOTE 
'--j)"<l'-""'-~-]J 20 

2 -QSS-002-219-2 (8-) 10~B -~I-_-'-_..., ~ ...J 
~ U 

2-0SS -750·904 -2(A-) 

2-QSS-002-236·2(B-) 

SAFEGUARDS OUTSIDE SAFEGUARDS 

5 

FC 
MSCw\ 

...---t-2-0SS-002-236-2(8-) 
CL 153 

*V129(B-) 

2-QS5-150-226-2(B-) 3X2"RED, * 151 (A) 
-2-0SS-002-235-2(B-) (TYP) V· 2·0$5-002-231-2 (B-) 

"V99(B.) *Y146(B~) " [:----t~~ 2-0SS-750-246·2(B·) 
ADC *V95(8-) 

NOTE24 PI 
81j---j~-:--..L....iI...,...,..--tIf-r-"""....j)*'<l-V9_7 .... ( B,--)_2-0SS-002 -1 09-2 (8-) 

FIS *V128(&) 1118 ADC 
'"'2'·QSS·OOG-131-2(A-) 

'-2,-QSS-750-96 -2(A~ CL 153 
ADC;~Q.J2-Q5S-002-116-2(8-) 

SPECTACLE FLAN6E ADC(TYP) 2.QSS*SF2.2. 

BUILDING BUILDING(YARD) 
5 

'--~1 5B L2-QSS-5OQ·223-2(B-) 
\\LBO) 

2-Q5S-002-229-2(B·) L2-asS-500-222-2(&) *V14~) 

:-....-2·QSS-750233·2(B·' 20SS*P24B(BP) 
2- OSS-750- 247-2(&) 

CHEMICAL INJECTION L·" ~V138(B-) 

3 

i-T---I4 

5 

----Il.--

® 5 

8 

@ 
9 

CLl53.., 

2-QSS-Q06-130-2(B­
(NOTE 13 (TYP) 

PRESSURE 
P51G 

FC DETAI L A NOTE 22 
(E-6) (TYP) 

PUMPS Iv 

60 GPM 2QSS*STRT21OBCB-) 

TeN (8-) 

~:----- -~·US~)-(~)U 215-2(8-) 
RM-79D 

(J-4) 

2-CHS-003-678'4 

T 

2-0SS-004·105·4 

V108 
RM-89C B-1 

L-·------~CVERFLOW 

RECIRC LINE 
LOWHEAD SAFETY 
INJECTION PUMPS 

M-87A ~~~g&~DG~~~~~~~~--------------------------C'm~~_~76~'A~~ '+{"-&~ 

2·0SS-002-7-4 
CL-152 

2-QSS-0112 -JOCl-4-..... 

NOTE 18 

1I0(Z-1,102B 

'---2 -SIS- 008·346·2(Z-) 

NOTE 18--r 

CL-153 

VENT 
LI"-2QSS-150-42·4 

2-QSS-006-16-4 

'-- NOTE I 

.. V loe'(Z-:h 
ADC 

----NO~2 ~T 
--:-:N-=OT=E~12:--..::!.~' \ 

CL -152 
~- 2-QSS-002-29-4 

2-QSS-010-3 -2(B-)-, 
CL-153 

2 -QSl;'{)()6-!:,-2<EHh 

~~~BFL ~i~~~~~~:I:J 2-0SS- UUb -.:l4-4·~ \lv,""jM(""P<:t-1 N17 2-oSS-750-911·2(2-) ,-

II CL:152 CL-153 
20SSHK21(Z-) 2.0SS-004-242.2(Z-) 

2-0SS-750·906·2 REFUELING *\I111(z.) ADC 

I *V914(Z-) WATER STORAGE -/;)0-910-2 Ceo) 
(NOTES-1·14) '/\ 2-0SS"750-913 -2 (2-) TANK NN:~~I~~~~~~~~~ 

=t~~~~~~~~J~~ N28 2·QSS-750-912-2(2-) 2-0 ir-750 · 90 /-2(Z-) ""'_" 2.Q 5 S -006-24"3· 2(Z-) 
2·QISS-750·909·2 ,O:.g,:)8-2(Z-) N2 -t-VII5"(Z-

I*~~~~~~ ADC 

*V9 
(A-) 

1-1: ~1\jOT E 1 

2-QSS-006-M-4 -I~"""-+--'"\-v 
2-0SS-500 -)-., 
2-0SS-500-

* V61 (S·:)-" 
2·0SS ·500-74·2(8 _)----J 
2·QSS·500-240 -2(8-)---1t-' 

*V 13 (B·j---==--J 
2-QS5-750-38-2 (B-)-' 

2-05S· 002-1 17-2 (B-)--. 

.... 2,·\1::;:5- 006-6-2 (A-) 

2-QS5-0I 0-4-2(A-) 
2 -QSS-~OO-73-2(A-) 

2-QS5·~OO -237- a (A-) 

~WI02(B-)-....r ...-- 10'X 8'!.-....... 

2-QSS-00a·205-2(A-) 

2-QSS·OIO -203·2(A· 

r 2·QSS-750-213-2(A-) 
ADC 

2·QSS·00B-~u'~-~( 

2·Q55·010-202 -2(B-) ,~, 
li'x 10' RED,(TYP) 

QUENCH PUMPS 
3000 GPM 
330 FT TDH 

2-QSS-750 ·212·2(B·) 

~~iIIf'2l ACAO) 
19 (A·) 
TCN 

Z-2·Vo'-), 

-QSS-Q12 -1-2<8-) -..::.v 116 CA-) 

B-) 

;t._.--'-·2-(~S~,-OC)1-· 252-2 (A-) 

'--2.0S5·002·234-2 (A-) 
SEE DETAIL "A (G-:2) 
2-0SS.002-250.4 _0/ 

SEE DETAILA(j·2) 

TeN NOTE 21) 
2·QSS-J06-9-4 --.. 

~2·0 SS·002-236-2 (8-) 
SEE DETAILA(G-2) 

SEE DETArL A (G-2) 

EPl 

TO R 
DRAIN 

2-QSS-500-249-2 (8-) 

QSS-750-9B ·2(B? 

Ci-£Bj~lM)-. '-:>. QSS -750·104-2(B-) 

9""--- 6"X t 2-QSS-002-I09-2(B-) 
2-QSS-OOI-40-2(A-) 

~N35(8;..:-)_..'!~£~~:-, C-t 2~-QS:;-OO I -41-2(B-) 

NOTE 6 

~2··QSS-002-108-2 (A-) 
-112-2(X-) 

PL E CONNECT ION 
CL-153 

r'~·Q~)5·()Ot:i·IO· 4 

ADC 

2QSS·P22B 

2QSS-STRT 

ADC 

V24 

I 

41 

-, 
d 

<t , --, ' 

§ , 

~ , 
N 

..., 
III -

, 
8 

'--- 2·RHS-()()6·26·4 
RESI~ IEAT REJ«lVAL 

EXCHANGERS 

2-QSS-006-16-4 

.-- CL.. 153 
~L· OSS- 004-14-4 OUTLET TO 

CHILLED WTR 

'--""w 4' RED. SYSTEM lTYP) 
. ,\2-CDS- 004· 98,.;,;-4:!-__ _ 

r;:;:=::::v:SS"EfPRESsI---.1......---~> RB-83C> 
(F -3) 

.. 2oCD!;- C04 - 239·4 /---""7 

<---2·I~SS,·OO4-13-4 

REFl.EL I NG lATER 
STCliAGE TANK COOLERS 

CL-153 

NOTES(CONTD) 

18. EXCLUSION BARRIER PER 2BVS-920 

19, LINE NO'S (SEE BELOW)CONTAIN A SCH 
(SEE BELOW) SPCQL PIECE.SEE PIPING 
DRAWINGS FDR DETAILS. 

LINE 
, 

NOS, SCH ADDED 

2-QSS -006-34-4 160 

20. ADD SPACER PLATE TO ALLOW FOR 
FUTURE ORIFICE PLATE IF REOUIRED, 

21. LOCATE TEST CONNECTIONS AS CLOSE AS 
POSSIBLE TO CHECK VALVES 

V43 22, ISOLATION VALVES FOR PI-l10A&B AND 
PI-111A&B TO 8EOPEN DURING lSI TESTING 
OF 2QSS*P24A&B 

V 

23, (*) DENOTES SAFETY RELATED ITEMS. 
24. REMOVE AND SPARE SPRINGS FROM CHECK 

VALVES. 

2-QSS-750 -201 

ltVI\7{B-) 
L-~. QSS-750.102-2(B-) 

L..'~Q::i:;-(oU,·IU 1-2(A-) CL-153 r----,---t--Z·QSS·006·11·4_ 
.r-oodIHJ-c>h-'--{>I;::)--r--"'-I ,- 2-0SS-002·99 

V73 V25 D 
V21 

V V V907 

r.l.-...1-~~~~::: SPEN T FU EL V900 RM-82A POOL 

( F-5) 
V901 

v 
2QSS·P22A 

V26 ADC 

V 

NOTES: 

VItL.VE 
DENTIFICATION 

V44,45, 

V4,6 

VI5 

L 

V94J 95, 200.201 

V89 

V9.ID 

V III 

V150 

VBSOI5·Y··21 

5-Y-2 

-Y-2 

5-X-4 

IVC\\'OIS-X-4 

4 

G-2 

I Vij\¥O IS-X-2 

7 

-X-2 

1 " 

2" 

4 

6 

10" 

12 " 

QUANTITY 

2 

12 

10 

18 

6 

2 

5 

10 

2 

;3 

/0 

4 

Z 
2 

2 

2" 4 

VOS06Q-W-4 3 

14" 

1 

7. VALVES I &2AREWfIGHTLOADEDCHECKVALVES;VCW OI5-Y-2(WlC) 
8 OUENCH SPRAY NOZZLES (3) ARE INSTALLED 

ON THE EXTENSION OF LINE 2-QSS-002·7·4 

h -

I<! -

9. U~LESS OTHERWISE INDICATED, ALL ROOT CONNECTIONS SHALL BE 
OF THE SAME PIPE & CODE CLASSES AS THE PIPE TOWHICH CONNECTED 

& SHALL BE OF THE SAME DIAMETER AS THE ASSOCIATED ROOT VALVE.-'-

10. VALVES VIOO&VIOI ARt A!R TEST CONNECTIONS, ~\! 
AND WILL BE LOCATED NE~F\ AN OPtRATINC FLOOR .-
LEVEL. 

-
II. ALL PtPING INSIDE &. OUTSIDE REACTOR CONT, SHALL BE 

MAINTAINED TO CLEANNESS LEVEL B 
IN ACCORDANCE WITH 2 BVM:62. 

12. ALL CLASS 4 LINES ON THE REFUELING WATER STORAGE 
TANK AND QUENCH SPRAY CHEMICAL ADDITION TANK 
WILL BE ABOVE THE NORMAL LOW FLUID LEVEL.. 

13.· DURIN6 PLANT OPERATION LINES 2·QSS·00S·130-2 AN D 
2·QSS·006-131·2 ARE BOLTED BLANK. 7 

14. ALL CONNECTIONS TO THE REFUELING WATER 5TORAGE 
TANK ARE MADE DIRECTLY TO TANK NOZZLES. 

15. METHOD OF CLOSURE FOR LOCAL VENTSJDRAINS, TEST 
CONNEC TIONS SHALL BE AS SHOWN. REFER TO 2BVM-211 
FOR ADDITIONAL DETAILS. 

16. THE FOLLOWING SUBSTl1UTIONS ARE ACCEPTABLE: 
VCSOIS-X-2,4 FCR VCS06G-G -2,4 RESPEC TlVELY 
VGSOIS·A·2j4 FOR VGS060-V-2,4 RESPECTIVELY 
VOSOIS·A-2,4 FOR VOS060-W-2,4 RESPECTIVELY 

17. CONICAL STRAINER TO BE REMOVED AFTER INITIAL 
SYSTEM FLUSH, SPOOL PIECES FOR CON ICAL STRAINER 
&. ¥a"SPACER RINGS ARE TO BE PROVIDED BY THE t-J-
PIPING FABRICATOR, 8 IG 

(CON TO J-6) -
REFERENCE DRAWINGS: 

SAFETY INJECTION PIPING RM-a7A 
NUCLEAR EQUIP. VENT &. DRAIN PIPIN6 RM-a9C 
RESIDUAL HEAT REMOVAL PIPING RM-7M 
CHILLED WATER SYSTEM REl - 83C 
FUEL POOL COOLING PURIFICATION PIPING RM-82A 

NUCLEAR SAFETY RELATED .9 

REFUELING WATER 
COOLING PUMPS 

375 G PM -- 70 FT TDH 

vao 
ID o 

L FINALIZED FLUID SYSTEM :'-PIPE-"';"'- FUEL 
BUILDING 

SAFEGUARD BUILDING __ PE TUNNEL 

RM-83ANS-3 

THE INFORMATION ON THIS DRAWING MAY NOT IE 
COPIED OR USED FOR OTHER TIWI THE CONSmUC11ON, 
MAINTENANCE OR REPAIR Of THE PLANT FIICIUT\' 
DESCRIBED IN THE TInE ILDCK. 

O. M. FIGURE 45D-7 &8 
DUQUESNE LIGHT __ MPANY 
ENGINEERING • CONSTRUCTlbN ~ITTS.URGH, ~A. 

IE -



E 

F 

G 

No10080-RM-0087A 

2·SIS·003·'l6-2<Z·I 

2·SIS·003·B8·2<8·1 

2-SIS-010-l0-2(A-J 

TO HOT LEGS 

2-s1s-010-q-21z-1 

SAFETY CL ASS/LIN1 CLASS 
LINE

N
'ii'sASS 
F ,.l TO FLOOR CRAIN 

LOCAL SAMPLE DETAIL 

��TEM SAFETY CLASS 

M 
LOCAL VENT & DRAIN DETAIL 

"' 
z � 
> � 

M:\u2\RM-0087A.OGN 

2 

2 

14'-072 

3 

�Z-515·750-180-ZIA4 

2·SIS·750-!l04·2 (A·) V 1-ms-mc-11-l(A-l 
2-SIS·750 ·IBl·21A� 

2·515·003·94·2(Z-) 
2:-515·750·176-Z CZ·) 

CL-1502 

LO 

2SIS•P21A(A0) 
CAPLH-1) 

3 

CL·l53 LON HEAD SAFE TY INJECTION 
PUMPS 

TDH•225FT CAP•3000 GPM 

4 

d

NOTEH 

y 

•v4tz-J 
D 

"-NOTE QQ 

2·�15-003-88-2 (B-) 

2 SIS•P21BCBP) 
CAPLH-2) 

AUX. BLDG. 

SAFE- , 
GUARDS TUNNEL 

AREA 

CL-153 

7 8 

2-s1s-01<+21z-1 

2·SIS·l50·30·2!Z·I 
CL·l53 

TUNNEL YARD 

2·SIS·014-l-2<Z·I 

AUX BLOG 
TUNNEL 

14"x8" 

SAFEGUAROS 
AREA 

T 
YARO 

2-S!S-008·346·2<Z-I I 
REFERENCE ORAWINGS 
SAFETY INJECTION PIPING 
GASEOUS NITROGEN SYSTEM 
SCHEDULE OF PIPING PENETRATIONS 
SAMPLE PIPING 
NUCLEAR VENT & DRAIN PIPING 
CONTAINMENT OEPRESSURIZATION PIPING 
REACTOR COOLANT PIPING 
RESIDUAL HEAT REMOVAL PIPING 
CHEMICAL & VOLUME CONTROL PIPING 

lliEl!ll 
FC FAIL CLOSED 
RWST REFUELING WATER STORAGE TANK 

9 

NOTE QQ 

E·5 

NOTES: 

10 

I L INF. NO. 
2-SIS-OOB-005-2 
2-s 1 s-ooB-ooe- 2 
2·SIS·010·2B5·2 
2·SIS·OOB·29·2 
2-s1s-ooa-oos-2 
2-s<s-ooe-ooe-2 
-s s- 10 -3-2 

SCH. 
BOS 
BOS BOS 
BOS 
1eo 
160 

E. VAL VE 2SIS-Rv8q3 GAGGED DURING INITIAL HYOROTEST 
& RESET FOR 7"0 PSIG FOR NORMAL PLANT OPERATION. 

F. ECCENTRIC REDUCER. STRAIGHT SIDE INSTALLED 
AT TOP OF PIPE RUN. 

A 

B 

G. PLUNGER POT DRAIN. c H
. ��E 1/L

N
JwH�!G� ,mgr�}� "li�J..1:1t,AI�� 

ITS MOUNTED LOCAT<DN. K. �f'E CHECK VALVE: & CONN CLOSE TO RCS P!PJNG. 

FROM RWST 
L. STRAINER ELEMENT REMOVED PER 2P0-2.ltA.01 

TO RWST 

RM·87A.8 
AH-718 
RV-lA 
RM-qqA 
RM-SqA.B 
RM-85A.B 
RM-75A 
RH-76A 
RH-7q[) 

H. THE CONTROLEOUIPMENTMARKNUMBERS SHALL 
�����A"EHJl?'�&fl£'aLIPWJ.'foSYf.� LINE UNLESS OTHERWlSE NOTED EXAMPLE: 2S<S-!l.94r 

O. 3/s"R.OW RESTR<CTOR REQ D PER 2BVS-939 

Q. OVERFLOW FROM COOLANT HEAD TANK INTEGRAi. TO 
PUMP 

R. F L ANG E FOR FLOW ME TERING ORIFICE TO VERIFY 
FLOW DURING PRE-OPERATIONAL TESTING 

T. THE WESTINGHOUSE SPIN NUMBER FOR COMPONEN TS 
IS SHOWN IN PARENTHESES. WESTINGHOUSE CONTROL EQUIPMEHr llEmFICATDH NUMBERS ARE SHOWN <N SQlaRES ADJACENT TO BW.OOHm MAR• 
NUNBERS Wl£PE THESE A.RE DIFFEREHr. 

U ALl,..l;A.MPONENTS SUPPL I EC BY :JI. UNLESS NOTED BY� OR LISTED 1111 sr;w VAL\llOTABLE 

Y. ii 0£NC)lES SAFETY RELATED <SEE NOTE RRI. 

A A. LOCATE VI l VZ AS CLOSE AS POSSIBLE TO 
ea. �A�II�& c�Rf�C=Ji:E TO 6'- C88 

NEAREST RCS 
CC. THIS SYSTEM WILL BE MAINTAINED TO A CLEANNESS 

L VL '8• IN ACCORDANCE WITH 2BVM-62. 

��. ����m &f�1;iJ���.fl11N T�.��1�% BE E 
USED FOR AOOING PRESSURE INDICATORS TO 
MON<TOR STRAINER PERFORMANCE. 

GG ORIFICE FLANGES WITH SOCKET WELDED TAPS 
ARE PROVIDED FOR ALL FE'S 

HH METHOD OF FORLOCALVENTS.DRAINS, 
TEST CONN. CL.£ANlf'.G CONNECTIONS 

JJ. 

KK. 
LL 

EFER TO .2BVM-211 FOR 

NTAIN A SCH (ABO\/E) 
DRAWINGCSl FOR DETAILS. 

NN. 
OQ 

OF TANK. 
CAP FOR COOLANT HEAD HIClH AS TOP ELEVAT<ON F 

PP. 2 SISW30 IS OPENED a<ll' DURING TESTING OF 

QQ. 

THE ACCUMULATOR CHECK VALVES WITH F1DN TO 
THE RWST. 
t5i!N��fi,E,tTION Ft.GS. WIT H 1Ji SWAGELOK 

RR. ALL ASTERISKS C•) SHOULD BE OfSREGAROED. REFER 
TO THE ASSET EQUIPMENT LIST fAELJ AS THE 
OFFICIAL LISTING OF ANY ASSET'S OA CATEGORY. 

SS. 1/8" DIAMETER HOLE IN CAP FOR TELL TALE DRAIN. 

QUALITY GROUP CLASSIFICATIONS ARE 'INCORPORATED 
BY REFERENCE" INTO THE UFSAR. A CHANGE TO DUALITY 

G 

PORTIONS OF THIS DOCUMENT ARE NUCLEAR SAFETY RELATED 
GROUP CLASSIFICATIONS CONSTITUTES A CHANGE TO THE UFSAR. 

REV 
INC 

OUN 13 
OUN 15· 

3:o C:CNOC f1151£NEIGY BEAVER VALLEY POWER STATION UNIT NO 2 
::1:::� L_.::'.:n:::c::=::' =�':-!_N�llCi�lE.��1�0.��a���nl!_NG���o.�:11���N�Y'.,.____Jf-----------------1 

,... 10130115 .._ - '"' """' FLOW DIAGRAM 

NONE -w MVF � SAFETY INJECTION PIPING - SH 

11/s/:llllS "'�'---"'�'---'AA owo �eae-RM-0087A 34 

THE ENPS � ����=i:�M __ 
6 

___________ 
7 

___________ 
8 

___________ 
9 

_________________ � 
5 PREPARED ON 
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-
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@ 

No. 10080 - RM -878 
L E B NOTE 00 7 C 

INSULATION NO INSULATION T-.!!INS~10E~M!:!!I~5~51.:.LE~~_..!:!0UTS~,:!:10E=M~I~SS~I~LE=---_ SC-I 5C-2 

D A F G H J 

I NSID£ CONTAINMENT 

K 

OUTSIDE CONTAINMENT 
TO LooP ~ 22 NOTE "0 LMV BARRIER BARRIER NOTE 00 ( 
HOT LEG NOTYTE 88 2-515-750-370-2(8-) 2-515-006-266-1 (B-) '\ 2-515'006-17-2 B-) 3" "NOTE 00 

~ T7 8 ,"""", UVlV 
2-515-75O-369-2(Z-'- '-, 

VALVE 
IDENTIFICATI 

MARK PIPE 
NO. 51 ZE 

QUANTITY 

~~~~~:-_.L.:";2~-!51!:S~-;'006::-2;4~" ~1(e~1L;:;:::Jt---""':lli:!:'P~~~===:::~:.:::..:.~:.:....t-....::::.!.:~~:!!:.:.!.::;.--------------...... -----;~~~:;,~;;;:::r--;;:;~;:-;;~;::-;-----!lI\~S;:0~2-SIS-002-3B7- 2(i!'.:) 
RM-75A 2-5IS-003-310-1 (B-) 2-5IS-002-106-! (8-) ~MD 2-SIS-010-262-2(Z-) 

1-7 CL:I502 6' -Ce8 ,. NOTE Q:7 ·+j~~...,;rc.2:=:-S~IS::-OO~6:.:.-~18:-:..2 ~(C::.:-)~c::2-:::S::IS::-0:::1.::0.::-9:.::-.:.2~(Z:.:-:...) __ --:-~J__--..l.-_f..::.Cl:~,-tl250~2 ( YP) 6"C88 .' 23 T i WI40(l- *VII~Z-) TO LooP 11 -T78 LM'/ . 
2-5IS-C02-152-1(8-)· ______ ., " " NOTE KK(TYP) HOT LEG 2-51S-006-25-1((-) CTYP) 2-SI5-750-371-2(C-) 2-515-006-267-1 (C-) NOTE 0\ 

R78PA Rl4-75A 2-SIS-70-372-2(C-) -1""2-515-750-313-2(8-) ADC(TYP) 
Cl:1502 ~-I LNOTE"O" zeCB8 

X-61 

2"51 S-002-261-2 (6- ) 

~ 
FROM LOW 

RM - 87 A HEAD PUMPS 
(RE(IR( MODE) 

V61-72 VSSI50-A-2 I" 

V73 THRU 96 VSslSO-A-2 1.:' 

V113, 114, 115, vew 150')(-2 10" 

K-2 NOTEQQ7 NOTEOO- .3':"'T78 -*V36(B-) \TYP) *l '_--1 __ .---, 2-SIS·003-101-2(A-) ~NOTEQQ 
d . -1---=-Ij-r=~I"\ I ~ 2-SIS-750-379-2(Aj- ~ 

VI16,1I7,118,1I9 veWI50-X-2 3" 

2-SIS-750-373-2(C->- ;r.D 2-515-500-222-2(8-) FI - Ik I:B-lt~ ;i"-T7B""" 'b 
TO LOOP 'N 21 LMV 2-515-003-311-I(C-) "~2-SIS·003-311-IIC-) I *V95(B-) >..:9~e/1 L;.=-___ V9 __ ,,---'T" ~ / A-I 
HOT LEG 2-S15-006-26-I(A-) 2-5 15-750-3B3-2 (A-) 2-5IS-003-309-I(A-) ~':T7B- V M~ 0 OB IC) 515-0021092 ) * AGC LM 'c 1502 "'--=-=--=---7'FROM HIGH 

~RM~-~7S~A~3~-.L":'~:::=:::7:':;:---+t-----;::::::::;:s;~;;;~~;:~;":;"~7-':"~:::;;:--;~~r-~~:;;:;;;:-;{:i---------------l 4 2-515-0 2-1 -I - 2- . - - 52l----.----[ f-J ~t,..._-1<=!:r_--.....lt::=_jI~~~-~ RM-87 AHEAD PUMPS 

VI20 

VI40 

I " VC W060-Y-2 2 2 

V5SI50-A-2 2" 
.... H -5 CL-I"'02 2-515-006-268-1 (A-) f)'X3" 7J."T76 2-SIS-750-384-2(A-) NoOaTE "4,." 2-515(-750-312-2 (C-) rNOTE790 2-SI5-500-221-2(C-) FI c- *V94(C-) *"2.151615(A.

7
-)SO 780-21A-) 

" NOTEQO 4- NOTE "0" ,*V37C-) NOTE"O"~ .... -T7S I lIW93(C-) 1;:~:?:~~o:;R; "V 

D . '----, 2-515-750-381-2(A-l '1 2-515-002-110-1(A-) 982". 2-515·500-210-21(:-) r ~'-T78 
V36-44,50, 51, 
V53,54, 57,58, 

VSSI50-A-2 3" 
4 

TO LOOP 121 
COLD LEG 

Rl4c75A 

Gc 6 

TO LOOP 12.2 
COLD LEG 

RI4-75A 

1-9 

TO LOOP 623 
COLD LEG 
RM-75A 

H-3 

TO LOOP 23 

2-515-006-12-1 (A-) 

CL-1502 

2-S15-1XHi-15- I (B-) 

CL- ISO 

2-515-006 -16- He-) 

CL-IS02 

NOTE-K (TYP) 

NOTE WW,)t\j49 (C-)-, 

2-SI5-750-162- 2(C-) 

2-S1S-0 12-28 7-1(( 

NOTEQO 

NOTE OQ 

NOTE "ci' 
NOTE8B 

(TYP) 

LMV 

2-5 IS -750 -355 -2(A -) 

LMV 

2-515-750-357-2(B-) 

LMV 

2-5 I 5-750-356 -2((-) 

J 5C-I.I.SC-2 '--_-:""",,--:V:,=,::'-l",,-, -T I\. , L~NOTEQO 
NOTE QQ 2-5 I 5-750-299-2(A-)1 4" -T78 I'l:! 2-5IS-7S0-314-2(A-) 2-5IS-500·220-2(A-) *V92(A-) .... 2-SIS-C02-107-2(A-) 

2-SI5-006-269-I'A-) NOTE"d'D 6'!CBS 2-515-006-164-2 (A-) 2-SIS-750-374-2(C-) / V a"-T7B N~~~~~l D NOTl~:5_t~i_lr~~_I(A_ 2-5IS-500-20S-2(~ 2-515-C02-260-2(A-) .r NOTE 1d0 

2-5IS·006-270 -I (8-) 

2-S I 5'750'300'2(6-) 
NOTE "0" D 
~V43(B-)~ .L 

NOTE OQ -----" - . 

2-SIS-006-271-1 (Ce ) . 

2-5IS-750-301-2(C-~ 
NOTE "O"r­

~V44 (C-),-__ 

If\IS --;..-f-o--SC-2 

--
D 

~ 

*V42CA-l 
D 

tNOTEQQ 
6'~CSS 

i;'CC88 

NOTE '0' 2-515-7~0~e"t-2(A- . 2-SI5'C02-103-2(C-) /,r-
2-5IS-010-165-2(X-) '-----.NOTE-...J 3"X 2" RED NOTE"O' 2-515-500-21 9-Z(A-) '~.~~ *V90(A-)'~ 2-515-750-385-2(~1 ._ 

F-o-'------------, 00 2-5IS-750-315-2(A-) D *V39(A-) tV89 (A-) 2-51S-003-8~?{B-) L (6-1, 
NOTE OQ ( ) -T78 /"~:.:.L'--"7' 

,.",;;: 2-515'002-153-1 (C-) ..".-NOTE a ,.2:...-5:;;1S.:.-.::.5OC:..:.;·2=-0T7..;-2:..::..:A-~I-l-c_<J_---'!""-:7':=-P==< RU-87A FROM HIGH 
1.: LMV ,.. ""-ADC ,-_"' ___ ""HEAD PUMPS 

"-':r78 2-515-750-316-21(-) 2-SIS·500·218-2(C-1, ."tIh:,'" *VII7(8-)-
"" .r jW88«(c) 51 0 8 . (8) 4 NOTE "0' ilEV40«(-) *V87CC-) ,,,,VI r.;;;;;;::::--:--::-::-:-:--= 2- 5-75 -3 6-2 -

2-515-750-354-2IX-l 2-SIS-002-152-I(B-) NOTE OQ--X D , )-::...;;:::::.;=..:::::;=-..::.:~;...! ~'T78 

2-515-00,,-14-2 (B-) 
2-5IS·006 ·IG6·2 (C-) 

( ) L~NOTEQa 
2-515-750-317-2 B-, 2-515-500-217-2(8-) *V86(B-l.r14''' 2-515.002-105-2(8-) 

NOTE"O· D *V41(B-) tV8S(B4 
2-515-010-11-2(8-) ~OTE QQ~ 2-515-5CO-229-2 (8-) 

2-515·010·11-2 (B- liVI14(B-) 
RM-87A 

- - ------------, CL 1502 I 
L~2~-5~1~5-~0~10~-~1~0~~~(_A~-) ______ L-____________ ~~ ________ ~~~ __ ~~~~~~~ __ -+<4 ______ ~ __ ~:=~~~R-M~_~B~7A~~FROM LOW 

2-515-500-228-2 C- '-___ ""HEAD PUMPS I *V83rC-) '-.....,., 2·5IS·002·104-2(C-) )(-62 
"'v84"( 2'5IS-750'365;;;;Z 2-SIS-5CO-216-2((-) '" \' -

~SiS-:sOi):2<t?-;~~'t-.L;.2-~SI5-75 0-367- 2 ~C-) ~ _ NOT E QQ I, "1.;" 

r--==D:)~"-T78 UVlV 4 ADC A-I 
~~'---~ 

"-NOTEOQ 
I ,*,VSI (B-) 

4 (B) 2-5IS-500-215-2(8-2-5IS-002-11 -I -

2-5IS-002-IIG-1 (C-) 

2-S I S-OO 1 -201- 2«(-) 
2-515-002- 324 -2«(-) 
2-515-750 -327-2«( -)--, 
4" STANDPIPE X2 

C l=153 ( L- 602 
L.:..----~-------------:2:--S:-:t15<-;{0-;::0:;2 -~I ~I :--:1-2:;;I-;;-S-::;-)~J::::::\ 3" *V II 8(A-) 

I *V79(A-)--...... \ ~~D ....... ~78NOTEQO 

Rt.1-87A /' FROM HIGH 
'::::"HEAD PUMPS 

2-515-003-102 -2 (A-) 

2- DAS-002-8-4----, 
m"", TO CONTAI.NMENT 

RM - egA TABLE 

PRESS 
P51G 

SAFETY INJECT ION 
ACCU'1ULAT 0 R 

RM-7IB 

, ITY P) 

r-.:-~IS-OOI-34-2 (c-) 

2-5IS-002-112-1<A-) 2-5IS-SCO-214·2IA·) '-..:.../)i=;FE'" D , ~ \:-2-SI5-750-366-2(A-) 
L-'::"~:"--=-':"::"'':'':''::''''':'':''''''':'':'''-----------------!<l:--i):l:Jf_-~--=:l9 71 \,-,,=-=--=-~ 2- 5 I 5-750-36 B -2(8-) 

I 
-515-500-225-2((-) \ " 2-5IS·002-ZS9-2(A-) 

lIIV77((-) FI~~~=-=:""=~ ~ - T78 
977 *V7B«(-) 4 2-515.C02-258-2((-) 

2-515-002-157-1«(-) 2-515-500-231-2((·) FE ~;iS:j500ut2:rn::i;1~~2-5 15-750-3r,2 (C-) L..::.....:::...:.::..:...:.::....:..::..:..-.-------------____ KJ---'IPJ-----'-__=_' 977 12 1-7 ;2" N E 00 

I *V75(B-) '-,.t;:....,'JF~:-~C-~=~~:; D 4 -T7 
fv7G(B- -2-5 15-002-11 S- 2 (B-) 

2-515·002-1%-1 (8-) 2-515-500-213·2IB·) ~~mm~~;:;!/2-5IS-750-377-2(B-) 
c....:...=-=::..:.:::....:..:.::....:...-------------------IK~-J:o:f--~-:::;;:;::j, 12 ~2-51 S -7S0 -375 -2 (Z-l X-1I3 A 

I li'V73(A-) D \ A i'~T78 (".-p 
2SIS*Tt<21 e(e-) 
LOOP 23 :"-"'-'~ "X I " 

2-5 I 5- 00 2 - ) 5 5-1 (A-) 2· SIS ·5CO·212-2 lA-) '-.::::_*_V_7_4_(A_-1L...-n~L-----"'--=LMV'-"-I<r--:---f_(=i1:1r_50.:.;2"< R '~B-71 A FRO M B 0 RON 
L~--------------------------------------------~~~~:rq_~~~~~~~,,~~~ "'- INJ TANK5 " , *VII9(Z-) 

2-(88 (T Y p) f~~~~~p) NOT E" R" 2-5IS-C02-113 -2(A-) 2-515-003-96-2(Z-) 

2-SIS-~7~50~-~3~~~~~;1~t NOTE 4::::: 
12-[)GS-002-907-

INS 

RM-75A 

IS-012-251-2((-) 
2-SI5-002-74 -2et-) t*1>("iN:­

"I 1+--2-S I S-012- 6 8-2«(-) 
ON 
~-C78 • 

TO SAMPLE 
5YSTEM -8 

RM-99F 

-48-2 

2-5I5-15O-56-4 

2-SIS-750-62 -2 (e-ll--t~~--t>nL~t"T'_~:'--~CL~-I~!50:2:-------, 
" es....:~~t-'i~ 12-C 

2"SIS'012-69-IIIL -" 

SC -2 (TYP) ;~515-750-376-2(A-) 
NOTE KK ~-T78 

(TYP) 4 

S(-I 

SET PRESSURE 
700 PSIG 
THERMAL 
RELIEF 

142,46,47,49 

V45,55,59 

D 

~~;;~?----_----~~~~~.Jy--.L:::C::L,-~15~0~2----L-----~NO~TE:.::·0~.:::1~~;::~:;=--.J~::r::::: 2-S1S-750-57-4 
2-515-001-33-4 

r~--;: -S IS-750-404-2(l-) 

r2-!; IS-001-32.-2 (2-) 
J -3 

TO LOOP 22 

AM-75A 

1-9 

NOTE 0 (L 1502 
2-RHS-01 

2-SI S -750-IIE i3-,~le ~IJ 
-24-1 (B-) 

FROM RESIDUAL 
HEAT EXCHANGER 

2-SIS·750 "402-2(B-) 

NOTE OC)--' 
SIS-750-63-2(C-) 

2- 5 I 5-750-279-2 (C-) 
CL 602 + 
C~15~ 

2-SIS-750-936-4 -t-'-. 

5 
2-5 I S'U') 1-31-4 

2-515-001-338-2 (8-1----, 
2-SrS-002-204-2 (B-) 
4' STASIpPIPE X1 

2_SIS_750-:3:7 8 ~ 

I t 

( 1:6 0 2--0-\ 

2-GNS-001-17-2 (B-) H -9 

CL-153 RM-71 B 

2-SIS-750-54-4 ACCUM 
TEST LIN 

N N SC-Z 

3"-T5B-& 
PRESS 4 LMD 

1...-2·-5IS·COI-83-2 (B-) 

..... C!;IS-:750·308· 4 

A((UM 
LL LINE 

;:'VOit:. 700 PS IG 
THERMAL RELI EF 

60d" FLANGE 

TO , NOTEOQ, 

I, 'tLMV 

2-S I S-OO 1-332-2(A-)----, 
2-S I S-002-196-2(A-l ----, 
4" STANDPIPE X----..., 
2-5 I S-750-333'2(~\-)'--' 

~,,'-- I 502. 

SC-2-_ ....... -NNS 
Cl:602 -ooj4- CL-153 

SE T PRESS 
700- PSIG 

CL-1502 

PS I G CL-153 2-DAS-002-7-4 NOTE QO -750 -307-4 7A~ ____ ' 

'lC'~~;~~IS~-~O~O~1 ~~~t~--l..---.:.....:.:....:.-:~:~--l-~D~RA~I~N~TO CONTAI NMENT - -''/: IS:~~~~---~" 
~ SUMP RM - 89 A TABLE ~-~2S-750-400-2 NOTE: 

2-S15-012-288-1( NOTE 0 -1502 
2-RHS'010'2 3 -I (A"I-t 

FROM RESIDUAL 

HEAT EXCHANC,ER --t---=~~e~~5i~~-~ 

l~n8 11::::Ff=2 -SI5-00I-T9-2(A-) 
I I 

78 
,-;Z-IJI"li -002 -6-4 2"~" -7 ~.~ 

t-T7B 

~~~~ 
SAFETY INJECT ION 
ACCUMULATOR 

-) 
v 

2 - S I S-7 5o_-:.3 4..:.-0:-:;::::;~~ 
NOTE 4 - t::;1\B 

2S1S.TI<2IAIA-l RM-89A 
LOOP 21 

" '''T- 3 .. ----.l--...c:I~D---... "T"-_:__:_:-.. TO PRIMARY DRAIN 

~i~~~~~~~~~~~~~~~~~?~o9ITlr TRANSFER TANK"'21 C~~~~ 2-SI "-_7"" -3:34-2(A r -T18 V55 D "'" 

NOTE 4 ....-2-SIS-750-84-2(A-) " 
-na ,....~'A-"" RM-75A 

-2CA-) 

5AFETY INJECTION 
ACCUMULA TOR 
2 SIS*TK2IB(8-) 
LOOP 22 (ATATC2)3 
WTr! VOL 925 FT 

L--2-~;15-012-2 52-21 B-1 
_r_-2-!;IS-IOI2-70-2(B- ) 

,2-515' 001-36-2(B-) 

'-----2 x 1" 

2-51 5-750-64-2(8-) /1'~:'U ~ A ::O&W 

r,,-,78 2-5IS-750-56-4 

'"T-.:-::>,S-002-72-2(A-) . I 
-750-60-2(A-) ~}8 

A-7 

2-515-002 -76-2 (8 v '-'t-C88 1~-2-!;IS-.7SCI-S9-4 
1 __________________ ~~----~~~~N~OT~E~O~Q~--/r_~~~.~t:IS~!;0-ltB4.-2(B-) 

2-515-012-71-1 (B-) 

NOTEOQ 

~- 2- S IS-750-403-2(A-) 

. : iliA S&W -T ~J 2-SSR-375-46-2_ ..... 
,.-~-r78 2-S1S-7eO-l>4-4 

"-l~ CL _ I 302 

-SI5-750-S5-" ---==--:::::. 

'- -515-750- 61-2(A-) 
'--:).-S 15-750-2 ?!:"-2(!\-) 

2-S15 -7 50-161-:>·[ll-:1~ 
*V57{ 

NOTE OQ 

DRAIN TO CONTAINMENT 
SUMP RM"89A TABLE 

S(-2 NS 

L ' •. <;1 5-750-6 5-2(B-) 

"'-2-5 IS -co 1-35-4 

2-SSR-375-47-2 

RM-99F 

A-7 

, 

TO SAMPLE 
SYS 

., ... 

I. FOR GENERAL NOTES SE E RM- 87 A. 
2. VALVE IS SCHEDULE 140. PROVIDE SUITABLE 

TRANSITION PIECES. 
3. V53 IS A TEST CONNECTION TO TEST 

12" VALVE C 88 FROM '~' ACCUMULATOR 
DISCHARGE LINE. 

4. SWAGELOK CONNECTION FOR DISC 
PRESSURIZATION 

PORTIONS OF THIS DOCUMENT ARE 

NUCLEAR SAFETY RELt:,TED 

.' 

i FINALIZED FLUID SYSTEM 
, , 

THE INFORMATION ON THIS DRAWING MAY ItDT BE 
COPIED OR USED FOR OTHER THAN THE CONSTIIUCTION, 
MolINTEttANCE OR REPAIR OF THE PLNIT FAClUlY 
DESCRIBED IN THE TinE IILOCK. 

DUQUESNE LIGHT COMPANY 

12 

24 

3 

4 

19 

3 

ENGINEERING • CONSTRUCTION ~ITTS.URGH. ~A. 

rLOW DIAGRAM 
SAFETY INJECTION PIPING 5H2 

9 

SCALE j..:D="'::.:T..: • ..£.~.L§=I:."'~RC::H:::.~"'::: .. ~ .. .:... ________ -j 
D""'_ 'TH,5T. EL.l:CT. "' ..... 

VALLEY PONER STATION UNIT N02 

STONE a WEBSTER ENCiINEERING CORP. CHIICKIID 

BOSTON. MASS. 

MilCH. "' ..... 

STitUCT. A:JlP. 

O. F. E. NO. 

C.O. NO. AA No.I0080-RM -87 B 

- I -

4t-H 

5 

6 

Ii ; -

, 

.. 
, , " 

.. 

~ 
,V) 

; ~ 
-< 
:.!l 

&. W DWG. ~ .. :). 12241- RM -87 B -'20 Z; 

." -".-·-----TO'-.. -u-:-:",,---:@_e ..L..-~---L_~-L-.....I.....;...,I_~ ~L_L@:.II I~~r:~~~J~L"":""......L_~;..L_L®.:.4 ..L--L_L..l!!:!:1!L--.JL.L.....L __ .....L_®...L---L_L-~~___"L_.L._'_ __ _'_~_:i.,..:_ '::::._ :..j~_ ==-_ 'f.:_'=-...I m:.:::.:..::':.~::::~.L-__ .l-G)_I-!L-'!:!._ !:..I..J. !:2._ ~_ ~~~~~!!...j~+---:TII= .. :'7U111=--+-...:........;,..--...:......--....,;..'"'""'ii·· I: 11111.'" I 

---- ---.- - - -- -.-- - .-. - .- -. ~- "- -,---, 





1 

2 

- ~----+-

6 

7 

No. 10080 - RM-0088A 
A B c 

2-tMSOO3-39-4 

(A-8) CI:21B VIO 

!M-~IA 

+ • 
~, J ~- Li -

FIT 
101 

VI7 

~---' '- '---1: '~- \J ~ -(.l--.:,- ... ---o 
1: ''015-001'916-4 (a-,,,) ---~:'::"'-~' ;:J---t---~:---.....:'="-:""""'--).- C'l5-00I' 'J19·4(c.L-/sl) 

HVS- 001-'121)-4 (a'/'.i3)---C-L--C-
L

9"J d m CL CL -(.VS-OOI-92.1·4(CL-/'f,?,) 

/SI 1'53 1'53 ,'5' 

2- Cv'S' OOI-34c/' 4 ("-/~t)--

fa't. NOTf I, I 

:to C VS·OOI-91.1.· 4 (eL- /t;!) 

2- CVS'/50- 9t.4- 4 (C~ In) 
l~ - . . ., 
~~ 

bETA I L 'A' 

2-CVS-I25-333-4 
2-CV5-125· 341.4-.... 

f\T1~t-----2-CVS- OOi- ~'5' 4 (CL-15/) 

I'D 

'- 2.CVS· 155 

001-31-4 

2-(VS-OOZ-3-4 

'tV4~r2'CVS'OO2- 4' 4 
CL-152 

n 
len 

CI:21 

2.,c:ys,oc 
(eAROt.4~Tt~) ~ ..... -'1~-~. lr-.;.CVS..:..=....:'I.:.Z~:..-..:;,340...:..=..~..:.....-_ Z-CVS-002-347-4 

CL ·151 

2-(VS-002-1-4 

Ci..-152 

2 
2-WT D-750-!33-~1-7 

NOTE 
CL-152--+O"'Cl-1~ 

- ..... -

L-__ SEAL WATER -----:;~~~~'>7"t~f 
SUPPLY 

(HILLED WATER SUPPLY 

Cl:152 

,-002.-338-4 
L..Clc-l~ 

2CYii-P218 

"2-CVS-500-3:35 -4 

79 

2-CVS-002-2-4 

2-tt:g,¥-24 -4 

TO GA5EOJS WASTE 
DISPOSAL SYSTEM 

2-CVS-

E 

50 

F 

CL-ZI B 

2 
CL-TNSS 

Z4..MS-375-40-Z(A-) 

R-7) 
RN-6IA 

) 

2·L MS-37~-43-21A-) 

*V8.2IA-)-~ 

CL-TNS,s., 
2-CVS..Q01-326-3(Z-) 

1-1I1- 4 

DETECTOR 
DPAINS 

fFML NPT 

H 

) 

(l-TNSS ---' 
HMS 

CL·TNSS-----....J 
2-08-m-I-2e(-) 

NOTEl 

HVS-750-319-

!"FML NPT 
~'l!50"F 

Tf:;~:r:;: "- - ..... 
NOTE 12 ' 

~ (iP) ' I 
I 

QA CAT 1 I ASME 
SC-2 • Sc-2 

]J[SC-2 

'1 ~ .. cy!i_.CIII-210-2(Z-) 
HEAT TRACED 

X-44 

I-IO-3(Z-) 
;VS'-001 -1 1'3 (Z-) 

m 

2-CYS-002-351-2(B-) 

CL-152 V69 . 
2-CVS-002-352-2(B~ 

8 

NOTE 6 

2CD5-004·183-4-__ --... ..... - 2-(05-004'244-4 2-CVS-002-1-4 

C~N 
fry,,,' t.....--~~--;;. .. · tEMPORARY HOSE 

4'x~' 

CL-152 

TO 
ATMOSPHERE. CL-151 

_--BUSHING - - - - -- - -, 
~-LM-FL J I ' 

I . 
I 
L 

LN-E-I 

COMPRESSOR 
AFTERCOOLER 

. PI 
LMI06 

• e C l: 121 -""'" 

LM-AS-I 
MOISTURE SEPARATOR 

2' 

------
TEMPORARY HOSE (Typ) 

A B 

FILTER SEPARATOR I 
SET SPOINT 58 PSIG (-!ijf ~~U~~g~DAeovE 

.--. V . PI 
LNlI~ I LNI 105-

~.nEE 
l.x·~ VGT-20E BF1. 

DRAINS 
TABLE 

Z-M5-001-27~- 4 

RM·89C 

2) 

t,rf 2-LMS·OO8-42-4 
TO REACTOR 

II-+!\ ~;::::~R~e-e~~~D~; CONTAINMENT 

- --

c 

1.~-6'1C4·REO, (E'6) . FRESH AIR INTAKE 
I BUSHINGS 

VGF-12D 

I NOTE 6 

I 

--1L UNIT"I REACTOR CONTAINMENT TEST 
EQUIPMENT SKIO 

o 

' 4 

F 

2-CVS-002 

C~TAINMENT 
VACUUM 
E.JEC~ 

l CV,)-J22 

T8~ 

'2(A-) 

2- HCS - 002 -15 -2(A-l..J 
III 

2-CVS-008- 8-4 

!GTE 7 

NOTE 4 

H 

0..·1111 . 

2-CYS·IIOI·a·2 

INCORPORATED 
DUN 09-0091-001-001 

SA TISFIEO 
ECP 09-0197 

J K 
NOTES(CONT.) 
2O,LlNE NUMBER5)(SEE BELOW) CONTA IN (S) 

(A) SCH (SEE BELOW) SPOOL PIECE(S). 
sEE PIPING DRAW'NG(S) FOR DETAILS. 

L 

2 

I NSIDE REAC~T =:'-_ 
N 

LINE NUMBER SCHEDULE ADDED 
I 

2-LMS-006-42-4 80 

2-LMS'006-42 -4 160 

. Y23.Z4.Z5. 
28, 
53,54,82,tl3 

10 

21. LINE NUMBER(S)(SEE BELOW) CONTAIN(S) -;;;:=t@~@j~~~=+==1 
(A) SCH(SEE BELOW)SPOOL PIECE(S) _- ~. 
SEE ISOMETR ICS FOR DETAILS, 

LINE NUMBER SCHEDULE ADDED 

2-CVS-002-2-4 40S 

2-CVS-002-24-4 405 3 

22.. ALL ASTERISKS ( 0 ) SHOULD BE DISREGARDED. 
REFER TO THE EQUIPMENT APPLICABILI TY 
LIST (EAU AS THE OFFICIAL LISTING OF ANY 
FUNCTIONAL LOCATION'S QA CATEGORY, 

2 . 

2 

8 
4 

23. CONTINUOUSLY SLOPE LINES 2-CV5-002-21-2 
& 2-CVS-002-22- 2 FROM THE INTERSECTION 
OF THE HCS LlNES( 2-HCS-002-15-2 
& 2-HCS-002-19i! RESPECTIVELY) DOWNlO 
THE CONTAINMENT PENETRATIONS z 
(~93 &X-92 RESPECTIVELY) 2 

24. CHECK VALVE INTERNALS REMOVED. V8Cjal 

V7e,79 25. TEST CONNECTION FLG. WITH lli' 
SWAGELOK CONNECTION 

2 

It'' . • D£Uore;" DIS'!.\M\LAR IAETAL WELb, V14, 75,17, 78 

V85 

.. 
1 

i---OPEN PRESSURE TAPS (4) 
NOTE 17 

• :1" ~x 8 RED. 

NOTE 25 

NOTE II 
2-LMS -375-30-2 (Z-). CL-153 

fxl REu. (TYP) 
FLEX HOSE(TYP> 

_- 2-CVS-001-90o- 3 (Z-) 

2.-CVS· 750-318-3(Z-) 
'rfNT DtX:T:; 

2-CVS.Q01-901-3tZj;7 

,...,.,.;ft~==. "-2-CVS-OOI-3JO-3 (Z-) 
L-TNSS 

2-CVS-750-34a-2 (Z-) 
NOTE 11 

2CVS- 'l3 

2- CVS-001-21'-2(Z-) 

2-CVS-002-22 - 2 (B-) <O'ITAI NMENT r:JO'v1E 

!-C\IS-7'50-321-2 (B-) 

NOTE 
(TYP) 

-rvC:-002- 21- 2(A') 

(TYP) 

, 
~'\lC:~7S0-320-2(A-) 

~l.."'''' PT. tN(TYP) 

-•• 4 

r«n'E '8 

PCRTICH) a: THIS DOCl.t1ENT AlE 

NUCI EAR SAFETY RELATED 

FENOC Ft RST ENERGY 
MJCLEAR OPERATING COIf"ANY 

NOTE 3. 

~ ~ REFER TO 

NOTES CONTINUED (R8-S5J) 

15 • INDICATES EQUIPMENT SUPPliED BY NASH 
ENGINEERING CO. 

16. V70lV71 TO HAVE A SOCKET WELD FLANGE ON 
~PSTREAA1 SIDE Of VALVE 

17. 'TUBE .065 W.AlL(TNSS) SERVES AS A RESTRICT~ 
DEVICE, ' 

19. BY SWEC I NSTRUMENTATION(SEE RK-1 5 SERIES DWGSJ 
19. BY SWEC INSTRUMENTATION (2BVS-679) 

, , NOTES CONTeK-l 
REFERENCE OWGS (CONTI , ' 
DEMIN WATER & CASK ~bOWN RM-101B 

NOTES. 

I, THE CONTROL [CWIPMEHT IWIK N1~ERS StW.l INCWDI 
THE IIREflX 'it'MD THE SY$TEM rooi FOR THE ASSOCIATED 
EQUIPMENT OR PIPE LINE UNLESS OTHERWIIE NOTED, 
EX' ZUIS- PTlOOA. 

1.1 LOCAL INDICATING IMOMiTER L.OCATED IN THE PIPE 
TUNNEL. THE CONTROl EQUIPMEN'" "'T£ .. PREFIX 110 'LIIIS' 

1.21HE CONTROl ECWIPIIIEIff ~6t PREFIX FOR THeE PIECES 
I$'RMR' . . ' . 

2. THE CONTROL EQUI"MIHT srsfEM PREfIX RlR THES!: PIECE. 
OF EQUIPMENT IS 'CVI': 

3, TE .. ERATURE IUSlSW!T BULBS LOCATED DDWNSl'REAM 0' 
FA'" CON1ll\INMENT AIR COOL!I!. I'REnI IS 'CV$: 

~ LOCATE "'LVE MOV-IOI AS CLOs[ AS POSSI IL E TO 
LINE 2-ASI-OOI-110-4 

6. HST EQUIPIIIENT 5KID AI'!D PORTA.~E Alit COM"'USSORS 
TO • LOCATED IN YARD, NORTH OF SAFIIOUtoRDS AREA!, 
DURINIO ODNWNMEIff ~I A TESTllt. ONly, 

7. THE COIITIIOL ""If IX fOR TMII PIICI Of IQU II'MINT 
" 'AII: 

I, THE CONTII'lL EQUII'IIIINT SYSTEM PRHIIC FOR THE" 
PI EC E$ IS LillI;' 

.. '" CI#' WITH A ~ HOLI Df'IUID IN lOTTO • 
'OR D_I ..... '£, 

10. PIT'IOZ IS TO BE USED FOR . COloiTAINMENT TYPE 'A' 
TESTING AND WILL BE REMOVED AND THE LINE CAPPED 
UPON COMPLETION OF TESTING. 

II LOCATE OPEN FLANGED END OF PIPE SUCH THAT IT 
IS EASILY ACCESSIBLE f"OM A fLO~ OR PlATFORM 

12, THE FOLLOWING SUBSTITUTIONS ARE AcCEIITABL[ : 
. VCSOI~-X-l FOR VCS060-G -2 . 

VOSOI5-A'4 FOR VOI060·W-4 . 
13, THIS SYSTEM SHALL BE MAINTA~ED TO CLEANNESS 

LEvtL 'PO IN ACC<m~NCE WITH 2 VM - 62 
14 ·METHOO OF CL06U~ FOR LatA!. vt $. DRAINS. TI5T 

CONNECTIONS 1110 CHEMQI.. C~G COHM£CTIONS 
SHALL BE M. SHOWN. REFER' TO Z VN-211 FOR 
ADDITIONAL DETAILS~ (NOTES IMJED AIl)V£) 
REFERENCE DWG$: 
COMPRESSED AIR PIPING AM-61 B 
GASEOUS *S1£ DISPOSAL .... - 9S B 
POST DBA H"'D~" COMJ'JlOL RM- I lOA 
AIR ~D'VENT PAlrMRY F'lANT R8-850 
CHILLED WATER SYSTEM RB-83A 
AUX AIR' STEAM REMOVAL RB-43B 
(REF. DWGS CONT, AEKM) 

OUALITY GROUP CLASSIFICATIONS ARE ' INCORPORATED 
BY REFERENCE' IN TO THE UFSAR_ A CHANGE TO DUALITY 
GROUP CL ASSIFICATIONS CONS TITUTES 
A CHANGE TO THE UFSAR. 

BEAVER VALLEY POWER STATI ON UNIT 2 

FLOW DIA GRAM 
LEAKAGE MONITORI NG PIP ING ~~E ~O~"E~~~~--+~~H.-~. ----~--------~FC~'SSUE I 

NONE ORA_ BY ELECT . .APP. 

elV'- .APP_ 1i7o--F----j AA ~~~N;0- R M - 0 0 8 8 A 31 

J K L 

1 

2 

3 

6 

7 

8 

9 

, 
, , 

, -
: 0 ," ' ~ 
: ;:; 

: < 
, ~ 

PREPARED ON 
THE fNPS 

:3 
: ~ 
: '" 

~C~~~D~O~/ ______________________________________________________________________________________________________________________________ ~: ~ 
SYSTEM ~ 

4 - 0CT -2011 14; [5 VI ; \u2 \ RM - 0088A.OGN c; 
______ - - - ____ - - - ______ • ___ • - - - - _. - __ - - __ - ____ - - - _____ - - - - _____________ - ______ - __ • ___ ._ - - - - - ____ - - __ - ____ - - - - - - _ . - - - _______ • - __ •• - - - - - __ - - - - - - - __ - - _. - ____ - __ - ________ - _____ - _ ______ - _ _ - ___________ - - _______ - _. - - - - __ - - - _. __ - - - - _______________ • ______________ - _ __ - ____ - - - __ _____ - - _ ___ • __ • - _. _. - - - _ •• _ •••••••••• - - - _____ - - - - _____ - - - - - ____ - - - ___ •• _ . _ - • _ _ • __ • _ . _ . _. __ • ______ - - _. _____ - - _ •• - _ __ • - - - __ • __ - _____ - __ - _____ - __________________ _ _ - ________ .". __ - - _________ • _____ - _____ • __ • • - ____ • • _ - - - - ____ - ________________ • - _ • • _ •• • • • • _. _ • •• • • _. _____ ._ - - -0 ___ • ___ • ___ • _ _ _____ _ ________ • __ • _____ .. _________ _ • _ _ _ ___ _ ___ • __ • ___ • ____ __________ • _________________ _ __ • __ __ • • ____ __ • _ _ _ _ _ ~ 



~-.' 

-0 --
---
-----
-----
----. --= .. 

No.10080-

. 
2-DGS-500-304-4 

I 

A 
A 

rn~C)TE 5(TYP) 

VSI 

I 

2-0GS-SOO-S5-4 

B 

IZP1 

CL-153 

I c D I 
.--2-DGS-003-4-4 

--- CL-153 

2RCS.PCV455BIB-) V32 

2-DGS-~00-52-4 CL 153 

( 1~~~ __ J2~R£CS~.~P~C!V4~5~5~A~IA~-~)~+V~28~;VS~L~OTi~1(~~~'O-~IO:~: 
VSO ~ CL 15" 2-DGS-

i~~~~p.:!!:~..{)~:-:;:-::~2R:C:::S~-~MO~V~5::3~8~(Z~P~)~ 2-DGS-SOO-Sl-4 - ~ IF-S1 CL-153 

E G 

r-;~-DGS·,00,2-905-·4 CI:153 

DRAIN FROM SAFETY INJ ACCUMULATOR A 
~-:'7"""" 2SIS_TK21AI A-) 

~ 2-0GS-50 0,.54-4 CL-153 
2-DG5-500-302-4 ' r--2-DGS-750-39-4 CL-153 

2-DGS-OO~ ·207-4--"7 r-..... "-<~~~~~ RE~CTOR VESSEL FLANGE LEAK LINE 

2RCS-MOV535IZ0) V29 CL-153 IG-4) 

2 
IC-B1 

VS3 
IJ-71 

88 

t VS6 2RCS.G88 (OUTLET FE-4911 

rTf!\' 2-DGS-500-59-4 CL-153 

2-DGS-500-53-4 CL~53 

~~~ __ 22~C~HS~.~M£0~V3~7~8~1_?0~)::-+V~86~~~~~~~~~0-332-4 
12-1:x;5;-5:rnEf~~~~!@~VCS+4~:::-:;::~2:RC~S7.~M:OVJ5~S~G;:~-i 2-DGS-50 0-138 CL-153 
I 2-DGS-500-57-4 CL-153 2RCS-MOVS92 

.' 2-DGS-OOl-41-4 
, 

2'x l' R;:D ~. 
. 2-DGS-OO&-906-4 CL-153 

LOOP 
21 

H 

EXCESS 
(C-S)qj;;:"'j'i 

I 

2-RCS-002-188-1IA-1 
CL-1502 

I 

2-RCS-002-25-1IA-) 
CL-1502 

LOOP DRAIN 
I E-4) ·2]E1E>-..Jt.:....L ... -, 

~2-ooS-002-1-1(l-) 
CL-1502 

2-RCS-002-47-1IB-1 CL-1502 

2" X i" RED. 

2-CHS-750-129-1(2-) 
CL-1502 

LOOP 
22 

EXCESS 
TO 

~>-_.L-4E!XC~E~S~S ~LETOOWN HX 
LOOP DR.",A~I NE1E>--...L.,.-i ( A-51 

IE-71" 

IC-8) "'----

2-RCS-002-4S-1IB-1 CL-1502--' 

2-RCS-1S0-S2-ltZ-1 CL-1502-.., 
NOTE 12 

I K I L I 

DRAINS TABLE ISEE NOTE 8) 

I DIAGRAM EQUIPMENT LINE NUMBER VIA SUMP TANK 
NUMBER 

RM-87B 2SIS-TK2lA 2-DAS-002-6-4 MAT 2DAS-TK204 
RM-87B 2SIS-TK21B 2-DAS-002-7-4 MAT 2DAS-TK204 
RM-87B 2SIS-TK21C 2-0AS-002-8-4 MAT 2DAS-TK204 
RM-75B 2RCS-RV101 2-RCS-003-276-4 ~AT 2DAS-TK204 

-
NOTES . (coNr'O) 

8. THE FOLl.CM'ING SUBSTITUTIONS ARE ACCEPTABLE, 
VCSOIS-)to4 FOR VC5060-G·4 VOSOI5-A-4 FOR VOS06Q-Wo4 
VGSOI5-A-4 FOR VGS060-V-4 WSOI5-A-3 FOR WSOeo-V-3 

9. STRT-210 AND STRT-211 SHALL HAVE THE STRAINER 
ELEMENTS REMOVED AFTER S'15TEMHASBE£N FWSHEo. 

10. VENT UNES SHALL BE ROUnD so THAT NO LDOP 
SEAL IS PRODUCED. 

IF-B1 
VSS . . 

2RCSltMOVS9S 

CL-153 

2-DGS-500-56-4 CL-153 

V27 
IG-81 

91 

br;;:;-rn'i70RAIN FROM SAFETY INJ ACCUMULATOR B. SPRAY LINE SCOO;;;:P~D~RA~I~N>-__ Lt_~ 
':-=--:-:-2SIS.TK21BIB-1· LOOP 23 1I-3l" 

II. PlACE VSLO CHECK VALVE AS CLOSE AS POSSIBLE 
TO HEADER.' 1", 

12. ALL CLASS' CODE PIPING,FROM '4 TO 2 DIAMETER, --2-DGS-SOO-SB-4--J 

V8S 2CHS_MOVSIOI!P1 

2-DGS-SOO-l~1-'4-- CL-153 

V51 
2RHS*MOV 

2-DGS-500-79-4'- CL-153 

2RCS*MOV594 

2-DGS-500-62 -4- CL-153 

2RHS_MOV720AIAO) 

2-DGS-500-78-4 

2RCS 

2-DGS-SOO-Sl -4·--1 

B-) 

2-0GS-50 0-141::"4--

CL-153 
V40 

CL-153 

V70 

CL-153 

(BI?) VS8 

CL-153 

11-41 

IG-31 

( G-71 

;~V~4~3-:;2~RC=S-~G:8:8~( 0:U~T~L:ET7~ 2-DGS-50 0-140-4---'" ~!i~~326-4 ~--{"'"---2-DGS-003-4-4 r-- 2-DGS- 0: 
2-DGS-50 0-64-4 --' CL -153 1-__ ......j~ _____ --:==--_..L_-..:;C;;.L-....;1;.::5;,:3 ______ -.., 

CL-153 

V48 

2-DGS-SOO-7S-4 

r: V82 2RCS_G88 ( OUTLET FE-490) 

~ 2-DGS-500-8S-4 CL.-153 

2-DGS-SOO-139-4 CL-153 

V55 2RHSIIG74 10UTLET P21A) 

..-- 2-DGS-003-209-4 

2-DGS-500-110-4 

2RHS 

2-DGS-500- S8 -4-J 

2RHS 

2-DGS-500-145-4'--' 

CL-153 

CL-153 

CL-153 

lE-71 
V52 

IG-51 

.... 
I .... ... 
I 

r---2-DGS-001-40-4 
r-·2-DGS··OO,2-9()7-4 CL-153 

iffi7 DRAIN FROM SAFETY 
":-::'-::-:'1- 2SIS.TK21CI C-1 

INJ ACCUMULATOR C 

"RED. 
V40S 

2-DGS-002-lS-4 
CL-153 

2-RCS-002-67-H C-1 CL-1502-, 
EXCESS LETDOWN 
(C-212]~~>-~~ LOOP 

23 
LOOP DR.~A~INE~>---,r~......J IF-I1" 

2-RCS-002-85-1IC-) CL-1502-" 
2-DGS-002-1-1 (Z-) 

r--2-DGS-002-2-4 
CL-15S ADC 

v 

SET PRESS so PSIG 
............ 

PT 

4 

2-SSR-375-300-4 

TO SAMPLE PANEL 
2SSR-PNL-21 

V19 

'-f- 2-DGS-002-212-~) 
CL-1502 
2-DGS-002-2-4 
CL-153 

FROM 
EXCESS ETDOWN HX 

• 

2-CH5-750-37-4 
CL-153 

2-005-750-914-3--, . TO PRIMARY DRAINS 
DISCHARGE HEADER 

1IV380 (J-41 
o 

2-OOS-750-224-3 _-.J......,...J.tIllV.3~81 V 

2-DGS- 002-1 00-:3-;;~!l.rf. 
CL-lS3 r"v 

SHALL BE BUTT WELDED EXCEPT AT CONNECTION TO 
V947 
CONT'D J-8) 

I VAL"- I .. D" SIZE I_N~.~~ . 
~V~:~ ~~~~~~~ 

~ 2' .. 
VI. :.3," VBWO~ n·-4 3" j 

I V4.5.8.7.8.9.1O. ,g",ar:.-n·-4..s". e 
11 "4 

V12.t3.14.15 VCSOIO-G-4 2'" 4 

' .. ' \ ~-----------+--------+---~--~--~ 
V397 VBS01S-D-4~" 1 

~v? It' = ,_ ~:: ~'="""+--~ ':----1 
~ 18 . 1iiBOr5-1)-::Ti4~llZr-ot-';-1+-,--I 

.. Y~i :j~ ::i~:r! I ::VVC: r 35 
_. .41. 

-
42.43.46. .51 .• 

-
I ..: 2-DGS-500-70-4 

V58 

-
2RHS.MOV702BIBPl V56 '" o 

o 
1(1') 

8~ 

2-005-002-141:1-'4-, I 
CL-153 

2-DGS-150··2,.j>"4---..J 
CL-153 

2-DGS-500-19-4 
CI.-153 

52.54.55.56.57. 
58.59.60.81.62. 
65.88.67.88.69. 
70.401.402 

V73 vt"11l15-D-4 1 " 1 

1 

!5 

I 
I -- . ---

2RHS_MOV70lAIAO) 

2-0GS-500-7S-4 

V8l 

2-DGS-500-82-4 

CL-153 

OV591 

. CL-153 

2-DGS-SOO-144-.4-.J . CL-153 
.' 

2RHS-MOV7018(BOl 

2-DGS-SO 0-143-4---' CL-153 

2RCSlOIMOV585 

CL-153 2-DGS-500-81-4 

(0-6) 

.~ ·12-DG:S-6~~~~~~~~~ ________ ~2R~C~S~_~MO~V~5~9~O~~~ 
- I 2-DGS-500-80-4--J CL-153 
: (G-51 

--7 ---
-

-=8 -----
-

--
----- 7 

--=1 ------ -

8 

-

1 

10-Sl 2-0GS-SOO-215-4--' Ct;,-153 

10-71 2-0GS-SOO-218-4::;:::o, 

2-DAS-1S0··29IO-2:(Z·)-....... 

2-0AS-002-20-4 '--"4. 
RE~~ 

TO LIQUID 
HASTE DRAIN 

TANK 

10-11 

CL-1SS 

2"X 

VSB9 

REACTO.R CONTAINMENT 
SUMP DRAIN PUMPS ....-.... 

2DAS-P204A .. B 
25 GPM. 90 FT 

NNS .. I ,JC-2~_()AS-75C)-27:7-2(:z.) 
2-DAS",002-1 

53 

2-DAS-500-939-4 (CL. TNSS) 

SC-2.I.NNS 

2-DAS-002-1S-4 
CL-153 

2-DAS-D02-17-4 
CL-15S 

~ 2DAS- TRT219 
LI. 
01 ..... 
01 10. 
I ' 

v 

PS 
00 

VS92 

o 
o 

18-4 

2 

13 

V7 B 

2"X~" 
'2-DAS-150-129-4 

. CL-153 
2-[)O,S-500-94o-4 (CL .TNSS) 

20AS-STRT218 

A 

2"X~" 
2-DAS-150-128-4·---/ 
CL-153 r._"", 

*LT( ) 222-W 

, 

- --­. -----

}:8 
II:: 

-, 
I 
I 

V57 

VSLO . IF-6l 

FLOOR 
DRAIN 

.' 
'--2-DGS-002-2-4 

'" Cl)1I'I 
Z'" 
... I 
-c...l 
DOU 
C .... 
UJI 
...IC1l 
-CCll 
1-. I .... 
..JO 
...10 
UJI 
I- CI) 

-C 
U,C 
Z I 
IL.N 

CL-15S 

M 
10 

1/)'" 
z..J 
-U 

~~ , 
~l;'l 
'« 01 
If·.!. 
.:10 
...10 1J.iv, 
1-« 
Ua z. 
1.1.."1 

Lt. ..... 
0I"f 
01, .« 
~-

CI 
1...1 

NU 
TAP NITROGEg 
SUPPLY LINE AS 
CLOSE TO PCV109A 
AS POSSIBLE 

CL-153 

fx ~ RED.(TYP) 
1 

£1gD 
rG~TROL AREA 

VB3 ,6-4 1" 

V347 VKF015-W-4 3" 
V76.?:hJ!I.79.80 'vOS800-S-2 
81.82.83.8~. NOTE,14 
B6.87.88 .90. 
91. '.93. 95. 

r 
I 

33 . 

rt--t-t+:Z-OGS-OOI -153-4 
CL-153 

PRIMARY 
DRAINS 

TRANSFER 
TANK 

~il 2DGS-TK21 
~ NOM CAP. 

900 

2- DGS-750- 241:J-2(Z-]I""" 
2-DGS-002-13-2(Z-]I--_'':::::::::::''/ 

ME NT 
AQC!!~~S(~~ V 349,' .• 351. <lr:." 

;~~ .354 :~~~:: 
2DGS-E22 

..--2-DGS-001-153-4 
CL-153 I· I 

r--i--- 2-0GS-002-149-4 
CL-153 

lo: 
Z 
-C 
I-

IL. 
.... -........ 
I I x:: .... 

DO_ 

a r­
I y ..J. IT) CI) '" 

Q 11'1 CI) 11'1 . 
0: -tz ..... 
I- INI TO 
Z d DO d FLOOR 
S .... ~ .... DRANS 
z- I C I 
01 coo .... · 
... 1'1 .... U .... 
0_ I I 
0"-1 CII ~ a 
DO Nil'll- 11'1 
tt: x: r-- .... 
CI-. I CI I. 
U (/)...1 CI) 

Cl)cUJc 
(/)(/) C ... C 
ZZ I :z: I 
ZN N CI) N 

2-DGS-375-909-4-
2-DGS-375-908-4 

2-

2-DGS-OOS-114·-4 .. 
CL.-1S3 

o 
2-DGS-002-214-4·-" 
CL-153 
2-RCS-0 02-114-AI-..... 
CL-153 

o 

CI:153 

P~~~i.~ RX COOLANT PUMP NO.2 
SEAL lEAKOFF 

~~,.." RX COOLANT 
'-'-"~ PUMP NO. 3 
- SEALLfAKCfF 

CL- 3 

Vll 

PT 

V384 

2-0GS-002-10-4 
CL-153 

PRIMARY DRAINS 
FLOW TOTALIZER 

1-~381l,~ ::383. i':'::" 
V421 I V\:I 

r 
VGSO'O-V-4 

I • 

I ~ --.-,75 

I ...... ' 3 
........ A"''' ,382 

~. 

1 

10 

7 

2 

1 

3 
I , • 

~~ A A ~..-t-...:::i:""---1 v 

"1': ·t~E ~u~.ln L. EQUI 'Il~~!. MARK NUMBERS 
~~il ~_i~~ ~Q~ l 'n~ 'IX WHICH IS IDENTICAL 

RELIEF TK DRAIN 
1fXi" ~2-DGS-002-1o-4 

CI..-153 
10 THEA~EDI~3uIPMENT"ORI~I~~~ ~~~ESS 
OTHERWISE NOTED. EXAMPLE- 2DAS-P204 

2-008- OO~I-II'-4 

2-DGS-003-8-4 - ...... 
CL-153 .... ~~~--o4.X 

(NOTE 9) 
2DGS-STRT210 CL-153 

INCORE INSTRUMENTATION 
THIMBLE SEAL TABLE '---==':~ho'-II6~T9 I 

V2 

~2-~D~AS~-~~5;0~-9:2:4=-4jl~~~~~~~§[::::JP ~~HK- 0 . CL-153 2-0AS-750-925-4 -
11" X .3" V365 

PRIMARY SHIELD ~ ~ 
W,\LL 

. 2-DAS-001-21-4 CL-l53 .. . 
r--2-MS-OOl-318-4 

2-at.S-750-319- 4 . 
2 -~S-750-320-4 
2-DAS-001-321-4 

INCORE 
INSTRUMENTA TI ON 
SUMP PUMP 
2DAS-P205 
10GPM 

*L T(AR)J....-__ 
221A *LT 

..,..:c::--::::~ 221 B(BW) 

.3.' ,. 
.;rx"2 

PRIMARY II-51 
DRAINS t---r4~-'LI 
TRANSfER 
TANK VENT 

2-0GS-500-341-4 
CL-153 .. 

If 

V393 

NOTES: (CONT)· 2. ADC INDICATES AD"INISTRATiVELY CONTROLLED 

5 

V388 

2-VRS-150-12-2(1-
CL-153 

13. LINE NUMBER(S)(SEE BELOW) 
CONTAIN(S)A SCH (SEE BELOW) 
SPOOL PIECE(S>' SEE PIPING 
DRAWING(S) FOR DETAILS 

LINE NO. SCH ADDED 
2-DG5-004-il27·4 160 

. 

14. VOSSOo-S-2 BOUGHT BY SWEC 
INSTRUM~NTATION (2BVS-S73). 

15.* DENOTES SAFETY RELATED 
ITEMS 

16. AN ULTRASEAL UNION (MFG'D 
BY PARKER-HANNAFIN) MAY 
BE INSTALLED AS REQ'D FOR 
VALVE REMOVAL. SEE 

. ISOMETRICS FOR DETAILS. 

3. VSI.O-VALVE STEM LEAKDFF 

.4. eliEt .. ,~S ~1'VA1~ =tt;~~~EPNE~ ~~~~ ... 
MAINTAINED AT CLEAt:'NESS LEVEL -C· IN ~OR __ E 
WITH 2IYM·62. . 

S. ~ -CLAMP ON THERMOCOUPLE. 
8. LINE NUM8ERS LISTED IN THE DRAINS TABLE ARE 

SHOWN ON THEIR PA~NT DIA~RAMS ONLY. 
7. METHOD OF ClDSURl:.:o" LDCALVEN'lS, DRAM. TEST 

CONNECTIONS /11'1) CHEMICAL CLEllNING CDlNECTJON5 
SHALL BE AS SHOWN. REFER 10 2!VM-211' FOR 
ADDlnONAL DETAILS •. 

REFERENCI:' DWGS:' 
CIACUlATING .. SElWltE ¥AnR PIPING 
REACTOR COOLANT PIPING 
RESIDUAL HEAT REMOVAL PIPING 
CHARGING' VOLUME CONTROL PIPING. 
SAFETY INJECTION PIPING 
NUCLEAR EQPT VENT , DRAIN PP 

RM-47F 
RM-75A.8 
Rn-78A 
RM-7I1C 
Rn-87B 
RM-89B.C 
RM-Il2A TO AUX BLDG 

PRIMARY 
VENT HDR 

FUEL PIT COOLING PURIFICATION PP 
CONTAINMENT DEPRESSURIZATION PP 
COMPONENT'COOLING PIPING' 

PORTIONS OF THIS DOCUMENT ARE 
A~:';' 

NUCLEAR SAFETY RELATED 
. . . 

(J-8) 
11.2··VR~i-15 0-1-4 

-

6 

-

7 f-t-l 

......... ..., 

-1--+-1 

9 ....... -1 

r------------------IW~~-------------------
2RCS-TK22 
PRESSURIZER RELIEF 
TANK 

(1:153 . 
~SEE NOTE 5 

NOTE 16 

NOTE II 
VALVE STEM LEAKOFF DETAIL 

(TYP FOR ALL VSLO) 

N --lSI z' , u<I 
N 0 (J"' 
lSI ~ 0) 

• lSI 
0.. 0..1SI 
U 0::' 
W oZ uO:: 

z' 
~N 

10-JUL-2002 12,57 m: \u2\rm0890,,1.e2 7 

MAT 

... ,'j. 

SUMP 
20AS-TK2D4 

'I I·... "', •• . . ... 

1- ._-_._-- ........ . 
, FINALIZED FLUIO SYSTEM 

I . ... " .. 

SUIIP 
2DAS-tK2D5 

. ... ' .. ' , .. .. . " 

.... 

• 

ROD 
C aNT A I N ME,:..:.NT .... ,;..O:.:N.:..:T.:.:.RO:.:L:...:.:A:.:.:RE:.:,Aioj..:~.. BL. 0 G 

2-VRS-750-1 
CL-lSS 

NONE 

I.TG. NlATL. AftCH. CONe. 

'. , , 

lHr. ON THIS DRAWING MAY NOT IE 
COPi~i) CR USED FOR OTHER THAN THE CONSTI'IUCTION. 
MAINTENANCE OR REPAIR Of THE I'I.ANT FAClUlY 
DES':I<,O.D IN THE TmE BLOCK. 

ARSTfNERoY 
NUCLEAR OPERATlN6 COMPANY 

AIlCH. 

EL.IICl'. API" • 

• • . . 

.... TL . 

I • 
i 

-"--'--'-- _. - - ----
FLOW DIAGRAM 

NUCLEAR EQPT VENT & DR PP-SH.l 

BEAVER VALLEY POWER 2 
t-=0::..:..:"'~E. =-:';=--1 AA No. 10080 - R M - 8 g A Mo._ 

S& W DWG. NO. 12241-RM-8gA-28 ..... 
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.- 9 

_._~7 

8 

lID 9 

No.1()080- RM-898 

SET PRESSURE 
50 PSIG 

TO RM-89C 
DRAINS TABLE -....,..~H::*. 

(L-2) 

2- DGS-002-346-4 
CL-153 

2-DGS-150-345-4 ___ 1 
CL-153 

V91 

A 

r 
I<)~ 
:2:-
>6 
~c 
• III 

I/) I 
J: I/) 
W 0 
N I:l 

o 
.J 
I/) 
:> 

, 
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o 
.J 
I/) 
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2SGC-TK22B 

[ri 

~ 
"'" , If) 
If) -, 
c 
c 
III , 
I/) 
o 
I:l , 
N 

o 0 
.J .J 
I/) I/) 
:> :> 

I<) 
If> 

.!J 
v 

2SGC-E22B 

TOR )RM-100C) 
2-VAS-500-6-4 

ATE CL-302T 

, 
(Yl ...J 
IC1 U 
~ 

.!.J'<t 
u' 

.J 
I/) 
:> 

~ 

o 

EVAPORA 
D1ST1LL 
ACCUMUL 
&, OVERH 
CONDENS 
VENTS 

ATOR (G-1) 
EAD (B-1) 
ER 

r 2" X:'-L ,-
2-VAS-500-7-4 ~ 

)RM 100C" 
CL-302T I 

2SGC-TK22A CL-153 
2SGC-E22A 

2-VAS-002-37-4~ 
BLOW DOWN CL-153 -HOLD TANKS 
2SGC-TK21A&B ... ?. 
)RM-100B ~r. 2-VAS-002 14-4 

v .... CL 153 
(E-2) V331 

WASTE AREA 
3" X 2·'---.....t. SUMP .I 

2DAS-TK212 
2-VAS-150-26-4 

) RM-89C 

( B-9 ) 
CL-153 

EVAPORATOR BOTTOMS 
HOLD TANK 
2SGC-TK25 

... ?~ 2-VAS-001-28-4~ 
)RM 100E 

,[332 CL 153 WASTE 
(K-4) 

V900 ~ E-o HANDLING 

---D 

, 

o 
.J 
I/) 
:> 

o 
.J 
I/) 
:> 
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~ ~ 
~ -.!.J v 

CL-302T 
CL-153 
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I I 

I: UJ 
0::: -
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u N 
en I 

f-O CI 
ZN III 
UJ::':: ->f- I 

I I/) 
"-I/) < 
I:< :> 
::::10 , 
I/)N N 

10. 

P1PE 
TUNNEL 

RM-79D 
CL-153 
(TYP 3) 

o 
.J 
If) 
:> 

a. 
~ a. 

o 
.J 
I/) 
:> 

(!I 
J:1t'l 
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CI 
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RM-79D 

CL-153 
(TYP 10) 
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RM-79D 
CL-153 

(TYP 5) 
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.J 
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1 r.7' , 
I 2" X 

\"2-VAS-003-1-4 CL-I52 I 
CL-153 CL-153 

~2-VAS-375-46-4 
AUX 1 L1 ARY CL-153 

BU1LD1NG 

.' ~ 
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.J 
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"'" !2 
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.J 
W 
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en al N III UJ 
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0::: 

N 

0::: 
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DEGASlrlER VENT 
CHILLER DRAINS 

SET PRESSURE 
IOOB! 25 PSIG 

'I<) o If> It'l_ 

ro...J :gu 
o , 

GWS STEAM 
TRAP DRAINS 

RM-85A 

L..:::.::;") 

CAS1NG DRAINS 
FROM REC1RC. 
SPRAY PUMPS 
2RSSIfP21A.B.Ct.D 

TO RM-93A 
~I"""'--- WASTE DRAIN TANKS 

(c-3l 
- LWS-004 -42-4 

~\_L-153 

2-GNS-:a:l-2-4 
CL-151 

LP N2 
SUPPLY 

2-SSR-375-302-4 
CL-TNSS 

TO SAMPLE 
SINK 

- DGS-500-29-4 
CL 153 

"\Z:i.. 'v ~ 2 6 2-DG5-500-29-4 
CL-153 

c 

PR1MARY 
DRA1NS 

TRANSFER 2·DGS·7SD-232-4 2'DGS-750'233'4 
. TANK 

20GS-TK22 
NOM CAP: LT 

900 GAL 07 

2-DGS-003-218-4 
CL-153 V107 

2-DGS-003 -5 
CL-153 

RO 
IOtA 

ADC 
V411 

I. .r::=o- C L - I 53 
ADC 
V412 

10lB 

D 
2-DGS-750-902-3 
2-DGS -002-136--3 
CL-153 

2-DAS-150-130-4 
CL-153 

t--2-DGS-003-27- 4 
CL 153 

2-DG5-003-156-4 
CL-153 

ltV910 

NNS·I· SC- 3 

~" ... -'-_;.....-tI'i----:r_..J~~j(~A~-5~)~ /, :;;;; RM-92A 

I~W 

DEGAS1F1ER 
RECOVERY 
EXCHANGERS 
2BRSIIE24B1t.B2 V323 D 107 

V36B 

TO RM-69C 

AD ~ 2DGS-STRT212 (NOTE 7) 

V ~~U-.::tV 9~ ~ !---6) I
V

...,IO
C
21-L--;"".L[>I.....L.-{::I(J-L-ri 

V904 ' ~,.... 

DRAINS TABLE 
(L-2) 

---">-DGS-003-238-4 
CL-153 

1~-c:-DGS-004 -239- 4 

l{,xf 
= D 

V330 2-0 

PR1MARY DRA1N~ 
TRANSFER PUMP 
2DGS-P22At.B 
25 GPM. 160 FT H1H 

3"X2"'ECC RED. ~021 

-002-23-4 
CL-153 

V 100 
L-r--DI(H(TYP) ~ VIOl 

2 - 0 GS - 0 03- 2 7 - 4 I-GJ.......L.-DI--T"f)l(l-...J 
CL-153 - D 

,.....I\IOTE 15 

2DGS-STRT213 
(NOTE 7) 

150 LB FLANGE CL-153 

NOTE 9 

VALVE STEM LEAKOFF DETAIL 
(TYP FOR ALL VSLO) 

V329 

l{'Xf 
I" X 2" 
(TYP) 

D 

Z.·VR"'·SOO-914-4-..... 

2-VRo -7!SO-'?>I"7 -4-~ 

2VI"I."'-202 --

--, 

IIV306 

2-DGS-002-24-4 
CL-153 

AUXILIARY 
I 

I-IOL_c. VAULT AND 
A :---~~CONTROL AREA 
., 2-DGS-002-100-3 
< 
'" -(Xl ... 
, I 

I: >::: 0::: _ 

CL-153 

PR1MARY DRAINS 
TRANSFER PUMPS 
2DGS-P21A.!.B 

NOTES (CON T) 

14. LLNE NOS (SEE BELOW) CONTAIN A SCH. 
(SEE BELOW) SPOOL PIECE.SEE PIPING 
ISOMETRIC FOR DETAILS. 

LINE NOS. SCH ADDED 

2-DAS-150-117·4 40S 
2-VAS-150-47-4 40S 
2'DAS-150-132-4 40S 
2-DAS-150-11 -'4"-----__ ..l __ ---=41,!,0!,,;;Sl...... ___ , 

15.VSLO CONNE.CTION, 2'DGS-500'93'4, FOR 
2CHS"FCVI60 IS NOT REQUIRED, HOWEVER THE 
LINE IS INSTALLED. 2'DGS-500'93-4 WILL REMAIN 
ON THE FLOW DIAGRAM AND WILL BE SHOWN 
FU NCTIONALLY DELE TE.D. 

2-VRc,,-150 -17-4"""",,-

f 2'VRS-750'900-4 

'V915 \ D II 2VRS·I50·'-4 
2- VRS-750- 903-4 

____ .... V901 

C ONT A 1 NMEN T VE NTS·~~RM~-~B~9~A=>n~!i~C~~h 
'L, CL-153 

( J-9 ) 
2-VRS-150-1-4 V916 V 

VOL CONTROL TANK 
VSLO PCV-117 

RM-79A 

( E -2 ) 

2-VRS-750-14-4 

CL-153 
2-VRS-004'16-4 
CL·153 

VOL CONTROL T ANK '\'<'"'"=R~M~_J7~9~A>~2-~V~R~S~-27~50~-~2;.::-~4-1 
VENT L CL-153 

10-2) 2-VI"S-750 '~I '5-4 

'<t , 
'<t 

~ , 
o 
10' 

" , oJ) 
0:: 
> , 
N 

ZV~o:,-TRP-201--- fiil---[~--'::"''''' 2-VRS'150-17-4 
CL 153 

Z-VI"l.'5-7S0-~I'" -4 ~~ 

(NOTE 2.l 
He 

2-DAS-150-207-4 
CL-152 (TYP 4) TCN 
2-DAS-150-201-4 

SAFEGUARDS VALVE 
AREA PIT YARD 

V924 

CL45 
CL 153 

V315 
2-DAS-150-113-4 

A~~~~~~~-L~ 
HC(N01E 2) I 

V902.~L. 

(0-7) 

2-DAS-150-114-4 
C~~~~~~------L-t~~~ 

(F-7) 
I NOTE 2) 

HC 

V317 
2-DAS-150-115-4 

B~~----------...L.~ 

2-DAS-150-202-4 TCN 
2-DAS-150-203-4 

HC ,NOTF 2.) I 

(K-7) 
(H-7) 

D~~--------------~~~~ -DAS-150-116-4 
CL-152 (TYP 4) 

V90;; 

D -

2·0AS-OOI-2G3-04 
Cl:IS2 

V321 V322 

'fx " ( TY P 2) 

V328 

2-DAS-150-118-4 
CL-152 (TYP) 

RM-89C 

SUMP '*4 
(Z-D.A6-iJ<-203BI 
("o>EE' RM-e")C) ~-'5) 

CLI53 
2-VRS-004-3-4 -

2-VRS-004-S-4-, 
CL-153 

-r--4"X Ii" 

BLDG SERVICE 
CATCH BAS1N #16 

FROM 
2SIS-RV-8864A 
(E-7) 

RM-B7A 

2-S1S-002-303-4 

RM-89C 

, 

, 

V304 

< 
N 

'" I 
I: 
0::: 

V302 

< 
N 

'" I 
I: 
0::: 

A B 
(B-2) (0-7) 

TO 
DEGASIF1ERS 

2BRS-EV21At.B 

K L 

VALVE MARK PIPE NUMBER 
IDENT1FICAT1ON NUMBER SlZE OF VALVES 

V96.97.98 VBWOI5'D-4 3" 3 
._. 

V99.100 VCS060-G-4 2" 2 
._. 

VIOl, 102. 103, 
900, 902,903 

VBS015-D-4 f 6 

V257 Vu ::>,O_U_U - S -4 
NOTE 13 

~ .. 1 8 
V107 VGS060-V -4 1 " 12 I 

V109.110. • 112 • VCS060-G-4 r 31 113.116.117.118. 
119.120.121.122. iP 
123.124.125.126. 
127.128.129.130. 
131.132.133.134. 
135.136.137.138. 
139.334.335.371 

V305.306 VCS060-G -3 2" 2 

V319.321 VCS060·G -4 I" 
1'2' 2 

V315.316.317.318. VBS015-D-4 I" 
9 320.322.323.327. 12 

328 
V329, 3 30, 368,917;-91 E VGS060-V -4 .3" 9 919925939 946 4 
V332 VBS015-B-4 I" 1 

V105.106.331 VBS015-D-4 2" 3 

V302.304 VBH 0 15-Y - 3 4" 2 

VIOB.326 VSS150-A-3 r 2 
.. 

V904.411.412.924 VOS060-W-4 ~ 4 
" V901 VBSOI5-D-4 ~ I 

V414 VOS06O-C-4 
1 II 

I ~ 

V905, 906,923 VC6060-"G - 4 ~ 3 

• 
V910 VGS060-V-3 ~ I 

V915,916 VOS060-W-4 
,; . 

2 4 

V920 VOS060-W-·3 ~' 1 4 

NOTES: 

1. THE CONTROL EQU1PMENT MARK NUMBERS SHALL 
1NCLUDE A PREFIX WHICH IS 1DENT1CAL TO THE 
SYSTEM CODE PREF1X FOR THE ASSOCIATED 

1 

2 

3 

EQUIPMENT OR PIPE LINE UNLESS OTHERW1SE 5 
NOTED. EXAMPLE: 2DGS-L T 1 07B I-H 

2. HO':>£. COtlNEalOtl \5 fOR PUM~\tlG- LIQUID FROM THE LOWER 
R£ORCULA1\QN SPRAY PUMP Pl1':! USING A TEMPORARY SUllMER51BLE 
PUMP 11) mNlnE FLOW TO THE RECIRCULAlION DRAINS PUMP. 

3. VSLO - VALVE STEM LEAKOFF 

4. DGS LINES SHALL BE MAINTAINED AT CLEANNESS 
LEVEL"B:DA~VASANDVRSLINES SHALL BE MAINTAINED 
AT CLEANN~S LEVEL"C" IN ACCORDANCE WITH . 
2BVM-12 

5. METHOD OF CLOSURE FOR LOCAL VENTS AND DRAINS, 
TEST CONNECTIONS AND CHEMICAL CLEANING 
CONNECTIONS SHALL BE AS SHOWN, REFER TO 
2BVM- 211 FOR ADDITIONAL DETAILS. 

6. THE FOLLOWING SUBSTITUTIONS ARE ACCEPTABLE 

VCSOI5'X'4 FOR VCS060·G·4 
VGSOI5'A-4 FOR VGS060-V-4 
VCSOI5-X-3 FOR VCS060-G-3 
VOSOI5-A-4 FOR VOS060 - W-4 

7. STRT-212 AND STRT-213SHALL HAVE THE STRAINER 
ELEMENT REMOVEDAFTER SYSTEM HAS BEEN FLUSHED . 

6.· VENT LINES SHALL BE ROUTED SO THAT NO LOOP SEAL IS 
PROOUCED. 

6 

9, PLACE VSLO CHECK VALVE AS CLOSE AS POSSIBLE TO HEADER. 
10. -If DENOTES SAFETY RELATED ITEMS. 

11. LINES 2cVRS-{)Q4--3-4,. 2·VRS-ClO4·5-4,& 2·VR5-004·16·4 WERE 
TO ASME III REQUIRI:.MENTS AND WERE DOWNGRADED TO 
ANSI B31.1 AFTER INSTALLATION. 

12. + INDICATES DISSIMILAR METAL WELD. 
REFERENCE ONG'S: 
GASEOUS NITROGEN PIPING RM-71B 
NUCLEAR EQU1P. VENT&, DRA1N PIP1NG RM-89At.C 
CONTA1NMENT DEPRESSUR1ZAT10N P1P1NG RM-85A 
STEAM GENERATOR BLOW DOwN P1P1NG RM-l00B.C,~E 
GASEOUS WASTE D1SPOSAL P1P1NG RM-95A,B 
SAFETY 1NJECT10N P1P1NG RM-87A 
CHARGING t. VOLUME CONTROL P1P1NG RM-79A.B&D 
~AMPLE P1P1NG RM-99B 

7 

L1QU1D HASTE D1SPOSAL P1PING RM~93A 8 
BORON RECOVERY P1P1NG RM-92A 
COMPONENT COOL1NG P1PING RM-77A 
YARD STORM & SANITARY SEWERS RB-1A 

NOTES (CONT'D) 
13. TO BE FI ELD PURCHASED PER PEL PAGES. 

(NOTES CONTD J-5) 

PORT10NS OF THIS DOCUMENT ARE 

NUCLEAR SAFETY RELATED 

9 

, ' I ''', 

REC1RCULAT10N DRA1N PUMPS 
2DAS-P215At.B 

(F-1 ) 
DRAINS TABLE 

(F -1 ) 
DRAINS TABLE FINALIZED FLUID SYSTEM 

40 GPM. 90 FT TDH 

Tt:E INFORMATION ON THIS DRAWING MAY NOT BE 
COPIED OR USED FOR OTHER THAN THE CONSTRUCTION. 
MAINTENANCE OR REPAIR OF THE PLANT FACILITY 
~ESCRIBED IN THE TITLE BLOCK. 

J 

APPROVED ~(LtU«, ~ ,zuP-" 
. REGiSTERED PROFES IONAL ENGINEER NO. 

COMMONWEALTH OF PENNSYLVANIA 

.. , 
-I·· _._ ... 

~ 
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DUQUESNE LIGf"!T COMPANY 
ENGINEERING • CONSTI'tUC"l'ION PITTSBUI'tGH. PA. 

SCALE DATE ARCH. A,.". 

M~CH. A"~. 
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MEt.:H 
c· G. ,. 

81 AEAA I 
I 

ao,,', .IN, M.~SS. 

i aSiC. .ARC:, ,)N I .. : ;NST. I VESSEl. HGrL xmtss 

, diJl' 

FLOW DIAGRAM 
NUCLEAR EQUIP. VENT & DRAIN PIPING-SH. 

BEAVER VALLEY POWER STATION N02 Uu 
i-,-___ ------r---,----------__ ----I \!i IIJ 

o. ~ F.. Nr. 10080 AA .. No.!0080·· R M -8 9 B ~! 
C • 628u 

'~&W DW·~:. N\-( H24i· RM-89B-26 
--,-~ 

I 
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No.10080- RM-89C 

1 

2 

I A B 

kWST OVERFLOW 

RM-85B 

IF-31 

C D 

LIQUID WASTE DRAIN 
TANKS 2LWS-TK21A&B 

CONTA INMENT SUMP ~R~M!:-~8~9~A)--1 
2DAS-TK204 L 

IA-71 

o 

RM-93A 

SOY 
116 

,..--2-QSS-004-105-4 
CL-153 V 90 7 ----...illl V 

,..-- 2-DAS-0 02-2 0-4 
CL-153 

~
-PAS-750-16-4 

CL-TNSS 

CL-TNSS. ~CL -153 
(J-5) 

RM-99E )/250 

2- DAS-750- 31 0-4 

2-0AS-002-10-4 
CL-153 

V 921 
II D 

2- DAS- 002-9-4 
CL153 

1---.... k~2-DAS-002-1 0-4 

V184 CL--153 

V372 
2-DAS-004-245-4 
CL-153 

V3S9 

2-PAS-750-18-4 114 "370 
CL-TNSS_I..cL-153 SOY '--.... ~-<EJI D 

v V908 V251 ~--1Sf-l( F_e. 
RM-99E 2 -DAS- 0 02-23-4 

2-DAS-750-311-4 CL-153 

2-DAS-002-22-4 V195 V196 

1 2 

E 

:3 4 
I F 

(CONT FROM K- 5) 

DIAGRAM 

RM-IOOD 
RM-IOOD 
RM-IOOB 
RM-95C' 
RM-89B 
RM-89B 

EQUIPMENT 

2SGC-TK23A 
2SGC-TK2:3B 
2SGC-TK 21 A,S 
2GWS-TK 25A-G 
2DAS-P215A&B 
2SIS-RV-8864A 

5 
I 

DRAINS 
(SEE NOTE 7) 

7 

LINE NUMBER 

G 

9 

VIA SUMP TANK 
NUMBER 

10 1 1 12 

H I J 

CCONT. FROM L-7) 

2-SGC-150-67-4 FDS 2DAS-TK203C VALV E 
IDENTIFICATION 

VALVE 
NUMBER 

PIPE NUMBER 

2-SGC-150-66-4 FDS 2DAS-TK203C SIZE OF VALVES 

~:g~;~~~5~~~~:1 ~8~ ~8~~=i~~kf V907,V912,V914.929,933, VOSOS0-W-4 3 
2 DAS-150-132-4 FDS 2DAS-TK201 934936 4' 

7 

2SIS-002-303-4 FDS 2DAS-TK201 V908,V911,V913,V921.V922. VGSOSO-V-4 ~ 
927,928.930.931.932.935.937. 4 

14 @ 
1--tc:J- \ 

'1173 
~~:~§~ ~S~~!~~~~ 2g~tj~g_~~~j ~ g~ ~g~~~W ~g~B 938944 3'4" 

'--'-'-'-'-'-'--"-'='--'--'''-''''--''''''-=-''-'''--------'u...=='--'-=''''--''-'=-'==----'-'--'''-''--'''"Ck-iL''-';';1 5;>;3HC"'L""-T""N;\!!S""S----' V 2 50, 251, 2 52, 253, 2 5 4, 2 5 5, 2 5 6 V B S 01 5 -D -4 ,. 7 
I 2-PAS-750-22-4 

'-i";Sl----~r---;;_;::::__::::_;::___::_:;__::_-__,h_::LV253" 9 ~ /S.-RM 99 E> C L -T N S S 
FC. 2-DAS-002-13-4 =-=-v::.J~(J_~) NOTES (CON't FROM L-8): 

2-DAS-004-108-4 
CL-153 

CL-153 2-DAS-750-313-4 9. THE FOLLOWING SUBSTITUTIONS ARE ACCEPTABLE: 
2-DAS-002-14-4 VCSOI5-X-4 FOR VCSOSD-G-4 

'1169 2-DAS-002-14-4 VGSOI5-A-4 FOR VGS060-V-4 
-'1190 CL-153 VOSOIS-A-4 FOR VOS060-W-4 

2-VAS-004-32-4 '1158 '1159 10. 

DIAGRAM 

RM- "'9A 
RM-79A 
RM-79A 
RM-79B 
RM-79B 
RM-79B 
RM-79B 
RM-79B 
RM-79B 
RM-79D 
RM- 790 
RM-62A 
RM-82A 

K 

EQUIPMENT 

2crl~" TK23 
2CHS- FL T22 
2CHS- FL T23 
2CHS- FL T21 
2CHS-TK21A 
2CHS-TK25 
2CHS-TK25 
2CHS-TK25 
2CHS-TK21B 
2CHS-FLT24A 
2CHS-FLT24B 
2FNC-FLT21A 
2FNC-FLT2IA 

DRAINS 
ISEE NOTE 71 

L 

LINE NUMBER 

2-oAS--'50- 40-4 
2-DAS-750- 43-4 
2-0AS-750- 44-4 
2-DAS-750-45-4 
2-CHS-7S0-616-4 
2-CHS-003-51-4 
2 - C H S - 500-658-4 
2-CHS-001-160-4 
2-CHS-002-470-4 
2-DAS-750-41-4 
2-DAS-750-42-4 
2-DAS-750-49-4 
2-DAS-7S0-S0-4 

VIA 

DASH 
DASH 
DASH 
DASH 
FDS 
FDS 
FDS 
FDS 
FDS 
DASH 
DASH 
DASH 
DASH 

SUMP TANK 
NUMBE~ 

2DAS- TK203B 
2DAS- TK2 03 C 
2DAS- TK2 03 C 
2DAS- TK2 03 C 
2DAS-TK203A 
20AS- TK203 A 
ZoAS- TK203B 
2CJAS- fK20j, 
20AS- TK203A 
2DAS- TK203C 
2DAS- TK203C 
2DAS- TK203 C 
,;>DAS- TK203 C 

V1B5 
V156 V1S7 

Cl.:153 
2-DAS-002-2S2-4 
2-DAS-125-909-4 V 162 

N = 
V 163 0 1...----+-----2- DAS-004-245-4 CL-151 

2-DAS-125-915-4""-.. PI 
104 

I-M-----" A 1 

PI 11. LINE NUMBER(S) (SEE BELOW) CONTAIN(S) (a) SCH (SEE BELOW) 
RM-89f1 
R'1 ·896 
RM-88A 
RM-82A 
~M-92A 
RM-87A 
RM-87A 

2 - DGS-003- 5-4 
2-DGS-001-~-4 

2ASS-T85 

L-uG~-002-346-4 
? ·QAS·15D ·130-4 
2-0AS-OOl-273-4 
L -[,AS-750-34-4 
2-DAS-7S0-,5-4 
2- DAS-750- 932-4 
2- DAS-OOI-933-4 

F05 
FDS 
FDS 
DASH 
DASH 
FDS 
F DS 
FDS 
FDS 
FDS 
FDS 
FDS 
FDS 
FDS 
FDS 
FDS 
F~S 

:!DAS- TK2o,:J B 
2DAS- TK203B 
2DAS-TK20S 
2DAS- TK203 C 
2DAS- TK2 0 3 ~ 
2DAS- TK20e 
2DAS-TK208 
20A5-TK~03~ 
2CAS- 11'i<:03 A 
2DAS- TK203 B 
2DAS- TK203 B 
2DAS- TK203 B 
2DAS- TK212 
2DAS- TK203 C 
2DAS- TK203 C 
20AS- TK 212 
2DAS- TK 212 

3 

-0 

4 

-2 

:3 

-,-4 

5 

. ---. -

---, 
6 

-- 8 

10 

7 --'" 
j •• -" I • 

.: I 

2-DAS-150-901-4 
# 

"L-S'" 
212 

2- DAS-004-264-4 
CL-153 

·V149 

I 
lo2B 

V 141 
2-DAS-150 -902-4 

1 " .... --12 ro:B ..... 

T- -

2DAS-TK201 

~ SUMP PIT COVER 

4~ FLOOR 
t---i 6~ DRAINS 

NORTH SAFEGUARDS AREA SUMP PUMPS 
2DAS-P201A & B 

25 GPM. 105 FT TDH 
2-DAS-002-25-4 
2-DAS-002-24-4 
CL-153 

V 197-...... 

2-DAS-004-267-4 
CL-153 

~or-V1G4 

LS 

2~D S-125-903-4 
LS t 

218 

208 1--+--0 

'1145 

A 

V1S8 

928 V383 

V 

V 198 '.929 

D 
V1S5 

V930 

108B 

'-V146 
1---2-DAS-125-904-4 

1" , .... -1 4 

2-DAS-003-900-4 
'--___ =-:-:::-~:_::_::_;::_--- .. 1 

2DAS-TK207 
DECONTAMINATION BLDG SUMP PUMP 

20AS-P207A &. B 
25 GPM. 35 FT TDH 

2-0AS-002-11-4 
CL-153 
V210 

I 

V169 V V933 

V936 
V I 

V935 
f---IIO~I 

V379 

V911 

'1143 ·V144 

\ 

ZDR<:,-TK,"'5 2-DAS-125-910-4 
saE 1" 

;:;:A~ REs-13IoA B ,--~ 14 
(~-.'I) 

2DAS-TK206 
TUNNEL SUMP PUMPS 1S015 

2DAS-P206 A & B 
25GPM,60FT TDH, 

2- DAS-750-312-4 

2-DAS-002-253-4 
CL-153 

~ SUMP P IT COVER 

4" 
t---i S" 
t---I S" 
t---i S" 
t---I 4" 

FLOOR 
DRAINS 

CL-153 CL- TNSS 
2-PAS-750-17 -.04 

CL-TNSS 
(J-6) 

F.C. RM-99E 
2-DAS-002-252-4 
CL ·153 

2-DAS-002-25-4 
CL-153 

D V938 
V375 

V373 

D V937 
V376 
V374 

2-DAS-004-268-4 
CL-153" 

LS 
219 

1098 
'j;....-<'J(I-'" 

'1377 V378 = ___ /;~~~?-=D=A:S-125 -912-4 

/A---"~"" -DAS-125-911-4 

'-T/ SUMP PIT '-T/ 

COVER, 

2DAS-TK208 
SOUTH SAFEGUARDS AREA SUMP PUMPS 

2DAS-P208A&B 
'-4" X 3" 25 GPM.105 FT TDH 

2-DAS- 0 04-2 0 0-4-' 
CL-153 

~2-DAS-002-2 72- 4 
CL-153 

V18S 

V176 

---2-DAS- 0 02-12-4 
CL-153 

~- 2-DAS-004-265-4 
P ~ 

103A 103B 
\ CL-153 

\ 2-DA5-125-905-4 

\ LS * 
\ 213 

'1142 vt.50 

LS 

.... ~-114" 
r'O'A ..... 

....... -2-DAS-125-906-4 
.... --114 .. ~B,r-

~ SUMP P IT COVER 

203 H---o 
6" FLOOR 

DRAIN 

2DAS- TK2 02 
FUEL BUILDING SUMP PUMPS 

2DAS-P202A &. B 
25 GPM. 30 FT TDH 

2-VAS- 004 -900- 4 

:It: LS 
227 

v 

T 

PI 
116 

V 381--....L 

V380 

O""..__---T-2-DAS-150-926-4 

V3B2 ~-2-DAS- 0 08-l1.61-4 

2DAS-TK 221 

-:·:12 -

GASEOUS WASTE STORAGE VAULT 
SUMP PUMP 
2DAS-P221 

8 

-r--I9 

® 

t 

2-CND-002-438-4 

RM-46C 

2-DAS-002-24 1-4 

2-DAS-002-242-4 
~~2-DAS- 0 02-241-4 

r----.......,~i.# C L -153 CL-153 

V236 V235 

V237 

2-DAS-002-26-4 
,..-,~ 2-DAS- 0 02-29-4 

r------.:L.....t~I.# C L - 1 53 CL-153 

V199 V200 

CK-9) 

2-DAS-004-269-4 
CL-153 
2-DAS-125-907-4~ 

f..,;l..,.r-' V 2 3 4 f..,;l...--V233 2-VAS-004-30-4 ~.--VI66 ~ ___ --VI67 

LS 

LS *' '" 225 

CL -151 
2-DAS-125-913-4""-.. 

2.DAS-125-908-4 C L-153 

L S # ""-
112 

V231 2-VAS-150-26-k\ 

1" ~J:.,, __ 14 IA-SI< RM-89B < 
B 1 SUMP PIT 

COVER"""\ -- = I-==:::::::::-~ 
V222 

LS 

-'-
I 'T' 

:; 
( 
AJ-

-

P 
112A 

PI 
112B 

- V 147 - V 148 
2-DAS-125-914-4 

" 

P P IT COVER 

1" * 11 14 B joo*" 4 

(~SUM 

226 )---t~ 
FLOOR 

t---I DRAINS ( 102 
6" FLOOR 

DRAIN 

2DAS-TK220 
CONDENSATE POLISHING SUMP PUMPS 

2DAS-P220A &. B 
50 GPM. 60 FT TOH 

oJ 

C\. 
U 
o 

A • 
2DAS-TK212 

WASTE AREA SUMP PUMPS 
2DAS-P212A &. B 

25 GPM. 30 FT TDH 

L S It ""-
214A 

2-VAS-150-22-4~ 

104 
'j;....-N'l--'" A 2 

SPOOL PIECE(S). SEE PIPING DRAWING(S) AND/OR ISOMETRIC(S) 
FOR DETAILS. 2ARS-F LT21 A 

2BRS-FLT21B 
2SISlkP21A 

V171 

V906 

CL-153 V227 
2-DAS-125-916-4 

< RM-89B ( 1 
(D-71 V224 

1 " - 1 
A2 4 
~ SUMP P IT COVER 

0 ' 
~ 

CBW) 

or 
LS 

2 0 4 A f----1--O 
5'} FLOOR 
4" DRAINS 

2-PAS-750-21-4 
2DAS-TK203A 

AUX I L I ARY BLDG SUMP PUM P 5/",,' 

2-DAS-002-1S-4 
2DAS-P203Al & A2 

50 GPM. 50 FT TOH 

2-DAS-002-... 0~1~5_-_4-1~~~~ ____ -t CL-153 

2 -DAS-750-314-4 

2-DAS-002-16-4 
CL-153 

V914 V913 

2-VAS-004-34-4 
CL-151 

V193 

V160 

104 
Bl 

104 
B2 

CL-153 2-DAS-125-917 2-DAS-125-918-4 I 
1" 1" 

2-VAS-150-23-4~ c_ V228 .. 'J?2g 

< RM 69B ( h 14 -14 ----.l. 
(C-8) IC 71 ~ V221 _ 1 Bl B2 f~;:"'-'.O."H 2 RM-92A 1 --.. I ~ ~"T' T _ _ (SEE ~fA-6~~.I-7) 

_ _ 1---=== 1-========= _ ,L'"SUMP PIT COVER 

\J 6" FLOOR 

LINE NO. SCH ADDED 
2-[}6,s-004-274-4 BOS 
2-DAS-004-245-4 S 
2-DAS-750-53-4 40S 
2-DAS-750-45- 4 40S 
2-DAS-750-40- 4 4 S 

12. * DENOTES SAFETY RELATED ITEMS 
13 .• DENOTES DISSIMILAR METAL WELD. 

RM-99E 
J·B 

SEE DRAINS TABLE 
FOR ORIENTATION 

I 

2-DAS-002-59-4----...... .12-DAS-750-58-4 
CL-153 CL-I53 

~2-DAS-750-40-4 
CL-152 

1-.-...---....-2-DAS-002-4-4 

TO AUXILIARY BUILDING 
SUMP 2DAS-TK 203B 
VIA FLOOR DRAINS 

2-DAS-7S0-44-4 
CL-152 

CL-153 

SEE DRAINS 
TABLE FOR 

ORIGIN 

I 
2-DAS-750-41-4 
CL -152 

2-0AS-750-42-4 
CL.ll52 

2-DAS-750-43-
C L -152 

RI1-93A 
RM-93A 
RM-9SA 
RM-95B 
RM-9SB 
RM-97A 
RM-97A 
RM-97A 
RM-97B 
RM-97B 

RM-97B 

2 SISII< P21A 
2LWS-TK21A 
2LWS-TK21B 
2GWS-TK22A-D 
2GWS-TRP21 
2GWS-F23 
2SGC-l0E21A.B 
CHR ION EXCHS 
BRS&'FNC ION EXCH 
2WSS-TK23 
2WSS-MIX21 

2W5S-~ 1 X22 

RM-99A SAMPLE SYS 
RM-99B SAMPLE SINK 

Z-DAS-003-30-4 
2-DAS-003-31-4 
2-0AS-500-82-4 
2-GWS-750-167-4 
2-GWS-750-132-4 
2-WSS-002-56-4 
2-WSS-002-46-4 
2-WSS-002-53-4 
2-WSS-025-229-4 
2- WSS-025-238-4 

2-UAd-7S0-58-4 DASH 
2-DAS-002-59-4 DASH 
2-DAS-750-83-4 FDS 
2-0AS-750-64-4 FDS 
2-DAS-001-112-4. FOS 
2-0AS-001-137-4 FDS 
2-BDG-001-265-4 FDS 
2-DAS-OOI-54-4 FDS 
2-DAS-001-55-4 FDS 
2-0AS-750-56-4 FoS 
2-DAS-7S0-57-4 FDS 
2-SGC-001-243-4 FDS 
2-DAS-750-254-4 FDS 
2-DAS-750-255-4 FDS 
2-DAS-750-256-4 FDS 
2-DAS-750-?57-4 FoS 
2-DAS-750-53-4 DASH 

21lA5-TK 212 

2-DAS-004-275-4 --1- 1- [} 

)RM-92A,/ 8" DRAINS 
(C-4) ! 2-DAS-002-204-4 

CL-152 2-DAS-004-274-4 ! 

2-DAS-008-280-"I-
L----=-::-:--::----::c-:c:-:.--::-::-------' (SOV TO AU X III A RY B U I L DING "1---I11---{l;:::-::;;-::-:::;;--1 

2DAS-fK203B 112 SUMP 2DAS-TK 203C III I 4'X2" 

~X~ 
4 

CTYP) 

RM-looB 2SGC-P22A 
RM-l00B 2SGC-P22B 
RM-l00B LOCAL SAMPLE 
RM-l00B LOCAL SAMPLE 
RM-l00B 2BDG-RVl02 
RM-lOoC 2SGC-P23A 
RM-lOoC 2SGC-P23B 
RM-l0oE 2SGC-P25A 
RM-l00E 2SGC-P25B 
R~-10oC 2SGC-TK25 
RM-l0oE 2SGC-P28 
RM-l0oC 2SGC-P24A 
RM-l00C 2SGC-P24B 
RM-l00E 2SGC-P27 
RM-looD 2SGC-FLT21 
RM-l0oD 2SGC-P26A 
RM-l0oD 2SGC-P26B 
RM-10oD LOCAL SAMPLE 
RM-87A 2SISolP21B 
RM-B7A 2SIS*P'2IB 
RM-93A 2l.WS -P2IA 
RM-93A 2LWS-P2IB 
RM-93A 2LWS-TK2IA 
RM-93A 2LWS-TK2IB 

2-0AS-750-258-4 FDS 
2-DAS-750-259-4 FDS 
2-DAS-OOI-260-4 FDS 
2- DAS-750-935-4 F DS 
2-DAS-OOI-936-4 FDS 
Z-DAS-75O-248-4 FDS 
2- DAS-750-249-4 FDS 
2- DA5-00 1- 250-4 F DS 
2-DAS-OOI-251-4 FDS 

2DAS--TK203B 
2DAS- TK203 B 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
20AS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
2DAS- TK212 
20AS- TK2 03 C 
20AS- TK2 03 C 
20AS- TK203 C 
20AS- TK212 
2DAS- TK201 
~'DAS-TK201 

2DAS-TK203A 
2 DAS-TK203A 
2 DAS - T K203A 
2 DAS-TK203A 

(CONT Fr-1~) ____ ~~ ______ -. __ ~~-.~~~ 

2DAS-P203Bl & B2 
AUXIliARY BLDG SUMP PUMPS Cl.:153_

I
.-Cl.:TNSS VIA FLOOR DRAINS 

~
2- PAS-750 -20 -4 SEE DRAINS '1183 50 GPM. 60 FT TDH 

t-.,K1-----I~----T-....... ------i&h.-.Y2J~r*j (J -7) TABLE FOR 

2-DAS-002-102-4 

V255 _.' RM-99E> ORIGIN 

-----2-DAS-004--106-4 

V944-

F.C. . I 
2-oAS-002-101-4 r-------------~-----

V174 

"D CL-153 

2-VAS-004-33-4 
CL -IS1 

2-DAS-750-315-4 
r--......... 1-..:::::,.- 2-DAS-002-102-4 

- V213 V21'i Cl:153 

'1179 V180 

,~ 2-DAS-750-53-4 
CL-152 2-DAS-750-45-4~~, 

• CL -152 

tx~(TYP) 

2-DA S-125-919-4,",,-

L S '---.. 
214C 'e. 

PI 
104 

I-!)I(J--"" C 2 TO AUXILIARY BUILDING..-.........JI- ~L~~~2002-205-4 
SUMP 2DAS TK203C ----0 ~c::::::. 
VIA FLOOR DRAINS ---4'X2 

eL-153 

< RM-89B < .., 
18-71 '1225 1 

1" .... ~~- 14 
r..CCO"I''- C2 

V230 
2-DAS-12S-920 -4 

1" .-:.....--- 14 

~-2-DAS-002-104-4 
CL-153 

T 
~ SUMP PIT COVER 

LS 
2 04C)---t~ 

2oAS-TK203C 
AUXILIARY BLDG SUMP PUMPS 

2DAS-P203Cl &. C2 
50 GPM. 60 FT TDH 

2-DAS-002-103-4 

6"} ~~ 6" FLOOR 
t---i 6" o~A I NS 

2-DAS-750-49-4 
CL-153 

CL-153 r--............ '"1..:::::~ 2-DAS-750-316-4 
2-DAS-002-104-4 

2-VAS-004-031-4 
CL-151 

2-DAS-125-921-4" . 

L S ""-
2140 ~ 

o 1 

~""-V211 

'1177 

PI 
104 
o 1 

V151 

U2 

V212 Cl.:153 

V176 

PI 
104 
02 

'-V152 
2-DAS-125-922-4 

.1" 
1 4 

TO AUX 
BUILDING SUMP 

VIA NEAREST 
FLOOR DRAIN 

, .... - 2-DAS-5 0 0-27-4 

CL-153 P I 
110 

or T 
~ SUMP PIT COVER 

V218 
V220 

V219 

LS 
2 0 40 )---t---o 

2DAS-TK203D 
AUXILIARY BLDG SUMP PUMPS 

2DAS-P203Dl & 02 
50 GPM, 60 FT TDH 

6" FLOOR 
llRAIN 

FUEL POOL TELLTALE 
DRAINS CATCH TANK PUMP 
2DAS-P21 
10 GPM. 20 FT TDH 

2-DAS-150-196-4 
CL-153 

SEE DRAINS 

T~~I~lJOR 

2-DAS-7S0-34-4 __ ~, 
CL-153 

2-DAS-750-50-4 
CL-153 

2-DAS-750-35-4--....w 
CL-153 

2" X fl 

4" X 2'",-,,"""r' 
2-DAS-002-206-4 
CL-153 

T 
TO AUXILIARY BUILDIN~ 

SUMP 2DAS-TK203C 
VIA FLOOR DRAINS 

2-FNC-500-161-4 

2-FNC-Soo-l01-4 

2-FNC-SOO-lo2-4 

2-FNC-5oo-103-4 

I " 1 X 1 " 2 
2-FNC-500-104-4 

t-FNc-soo-rOO-4 I 

F'I',I_ POOL TELLTALE 
"~A I NS CA TCH TANK 

2DAS-TK21 
2- DAS-001-938-4 

LS 
11 0 

" 

SEE 
NOTE 5--< 

VALVE VALVE PIPE NUMBER 
IDENTIFICATION NUMBER SIZE OF VALVES 

VI41.142.143,144.145.146. 
147.148.149.1S0.151,152 • 
153.226.227.226.229.230. 
231 .232.377. 378.382,90S 

3" VBSoI5-D-4 '4 
24 

r-~~~~~~~~--~--~~~ 
VI56.157.156.159.160.161. 

---:-+--+-- - --
VCSO&O-G-4 2" 

162.163.164.165.166,167. 
168.169.170.171.172.173, 
174.175.176.177.176.179. 
180.183 .233.234.237.369. 
370. .373.374.379.380 

'--1-..,..-:---,--
'1184.185.186.189.190.193. 
194.195.196.197.198.199, 
200.210.211.212.213.215. 
235.236.375.376.381.383 

VBSOI5-D-4 2" 

1" '1218.219 VOS060-W-4 '2 
f-----------t- 1" 

V220 VCS060-G-4 '2 
1-----------+----.. 1 " 

35 

24 

2 

I 

5 V221.222.223.224.225 VBSOI5-D-4 12 

'1372 ----------+,."VC""W"'O"'15;---""X--,-4-J----;;,4" .. +-- -I _ .. --1 
NOTES: AL\V~D~~ ~'%t~bEIL~~ED WITH TYPE , .. 304 ST A HILESS 

STEEL SUMP LINERS. 
2. THE CONTROL EQUIPMENT MARK NUMBERS SHALL INCLUDE A 

PREFIX WHICH IS IDENTICAL TO THE SYSTEM CeDE PREFIX, 
3. ROUTE INDIVIDUAL DRAINS TO SUMPS VIA EITHER FLOOR 

DRAIN SYSTEM IFDSI OR AERATED DRAINS HEADER 
4 .• LEVEL SWITCHES AND PUMPS WILL BE SUPPLIED BY 

SUMP PUMP MANUFACTURER. 
S. END TO END DIM FOR 2" VALVES SHOWN IN BRACKET 

ABOVE ARE SHOWN ON MFG PRINT S&'W 2006.360-095-012. 
6. DAS,VAS, AND VRS LINES SHALL BE MAINTAINED AT CLEANNESS LEVEL "C" 

IN ACCOR.DA NCE WITH 2 BVM-62 
7. LINE NUMBERS LISTED IN THE DRAIN TABLE ARE SHOWN ON 

THEIR ?ARENT FLOW DIAGRAMS ONLY, EXCEPT THOSE LINES 
WHICH DRAIN TO THE FLOOR DRAIN SYSTEM VIA DAS HEADER. 

8. METHOD OF CLOSURE FOR LOCAL VENT~ DRAINS, TEST CONNECTIONS, 
AND CHEMICAL CLEAN I NG CONNECTIONS SHALL BE AS SHOWN. 
REFER TO 2 BVM-211 FOR ADDITIONAL DETAILS. 

REFERENCE DNGS: C NOTES CONT 1-2) 
SAFETY INJECTIGN PIPING 
FUEL POOL COOLING & PURIFICATION PIPING 

RM-82A LIQUID WASTE DISPOSAL PIPING 
FUEL POOL STEAM GENERATOR SLOWDOWN PIPING 
TELLTALE DECONTA~INATION PIPING 
8RAINS NUCLEAR EQUIP. VENT &. DRAIN PIPING 

BORON RECOVERY PIPING 
GASEOUS WASTE DISPOSAL PIPING 
SOLI 0 WASTE 0 I SPOSAL PIP I.NG 
SAMPLE SYSTEM PIPING 
COI~DENSATE PIPING 
CONDENSATE DEMINERALIZER PIPING 
CHARGING VOLUME CONTROL PIPING 

FINALIZED FLUID SYSTEM 

RM-67A&B 
RM .. 82A 
RM-93A 
RM-looA.B.C&'D 
RM-lOIA 
RM-69A&B 
RM-GZA 
RM-95A&B 
RM-97A&.8 
RM-99A&.B 
RM-46A 
RM-4GB 
RM-79A, B & C 

PORTIONS OF THIS DOClJIo1ENT ARE 

NUCLEAR SAFETY RELATED 

THE INfORMATION ON THIS DRAWING MAY NOT BE 
COPIED OR USED FOR OTHER THAN THE CONSTRUCTION. 
M"INTENJINCE OR REPAIR OF THE PLANT FACILITY 
DESCRIBED IN THE TITLE BLOCK. 

APPROV E D ~":: 27Z6-9-£ 
REGISTERED PROFESSIO AL ENGINEER NO. 

COMMONWEALTH OF PENNSYLVANIA 

DUQUESNE LIGHT COMPANY 
ENGINEERING • CONSTRUCTION PITTSBURGH. PA. 
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5 

No. I0080-RM-92A 

FROM L DOWN 

FROM PRI 
DNS XFR 

TANKS 

RM-898 

tJ-
2~ DGS-Q02-13 6-3 

A 

a.-liS 

V III 

DEGASIFIER 
RECOVERY 

EXCHANGERS 
29RS*E 249...,;1=_ 

2-BRS-250-154-3 
2-BR~-; 50 ,1-4'" 

,v 
v'" 
'" <I 
a:u 
u . 
w"-

SEE DETAIL 

DEH 8-9-04 
D/CHK: 

1--,.-.. --,.---= -:-=---t ® 
0 4 -OCT - 2 0111a.,."~-"""-JL...-,,,!:!: 

B 

RM-7IA 

2-VRS-0Cl<'-5-4 
RM-896 

2-BRS-001-1eo 

2-BRS·002-147·3 

CL 1!'>3 2-BRS-7!'>0-100-3-.......:.·V99 

C 

z....Rs-7eO-lz9-4 +-----...:..,., 

SET PRESSI.II£ __ '-.:~ 
100 PSIG 

2-B R S-002- 127· 4 -:::::::::""::::::3 
2- GWS· ~~e\;'~ < RM-95A E:-~--'-""'" -- --....,; 

ElF 
~,~-CCP-ISO-363-4 

I 

z,- GWS- 001-1-4 

" ,~II* X I REO. 

~~N~VI09 
EO SYSTEM 

TO CHARCOAL 
DELAY BEDS 

IIM-ll[ 

2-DGS-750-236-4 

RM-89 

i!-CCP-OO)-362 - 4 

z'-SSR-37S-3-4 

G H I I I 
2-BRS-002-900-3(T E-100Al) 
2-8RS-002-902-3(TE-10Qo\2) 
~ BRS-002-90~4(T E-100A5) 
~8RS- 0~907-4(T E-100Ae) 
2-eRS-0~1", - 3(T E -10081) 
~BRS-00~91S-3(TE-1m 
2-BRS-OO~91S-4(T E-1008 
2-BRS-00~920-4(iE-1 

EXCHANGER 

2-SRS - 003-901-31TE-100Al) 
2-8RS - 003-9 03-3(TE-~ 
~BRS-003-906-4(TE-100ASl 
2-BRS- 003-90S-4CTE-lOOA~) 
2-eRS-003-913 - 3(TE-'()081J 
2-BR5- 003"9'16" nE-'/00B2) 
2-BRS- 003-91g-4 CTE-1()()B5 
2-BRS- 003-921- 4 CTE -10066) 

RETURN TO 

TE-l00A1 
TE-l00A2 
TE-'OOA5 
TE-100Ae 
TE-100B1 
TE-10082 
TE-10CES 
TE-100se 

K 

2-BRS-002-15-3(TE-100A1) 
2-eRS- 002-7-3(TE-100A2) 
2-eRS-002-17-4(TE - 100Cl5) 
2-eRS-002-13-4(TE-100Cl6) 
2-eRS-0~16-3CTE- 100Bl) 

~---t 2-BRS-002-8-3CTE-100B2) 
2-B'lS- 002-1S-4(TE-10085) 
2-BRS- 002-14-4(TE -10086) 

L 

. VAL'« 
IDENTlFICATIOI 

VI 

4' 

2 

V~ RS·OO!-Z3-4 CHS SYSTEM 

~2-I1\";~~~......j~ >I<)C~--: ~~Cl.:-;lu~=--_::..~W:..:~~.:....:=-~~R~M~_7~9~A= TO 2CHS-LCV 112 

L-I53 BYPASS C He SYSTEM 

DETAIL A 
4" 

1" 

2 
2 
2 

DEGASIFIER 
RECOV'ERY 
EXCHANGERS 
2BRSftE24A 1&2 

RO 

~ 

2-BRS-750-8?4 

RS-003-I .. 7 .... 

S-002-1'1-4 '. /TrI 

P·'7S()844-4l loOJISJ 

2BRS-P22A 
DEGAS IF IER . 
CIRC PUMP 

7~GPM 260 TOH .. . . 

ixf RED. ~. REO. 
~-la.-IU 2-B/tS-150'IU' 4 -=-~ 

-811S-003-1 -4 ___ --I'-<H53 
2-BRScOO2-4I-4 

V liS 

STRT110 

Z-BRS-002 10 CHARCOAL 

BO~~~~~~~p 102 B 
L...-.,.. 

2·BRS-OOZ-IZ~ 
-GNS-500-9-4 .. 

~IiX,"RED. 2-CCP-IS·O- B56 - 4 

2-!r.:S-150-'3O--4~-------F~~19-~?:-_...J.~-<~~~~ 

2-BRS-008'-67-4 CL-153 
SET PRESSURE-...J. 

(&-9) lOO 'PSIG VI 

< ~ 
2-GWS-003·16-4 

. RM-g5A= 
. 004-3-4 L 

VI04 
BRS- 0·91-4 

2-BRS-ISO-I0-4 
Z-BR5-003-13 -4 ..... 

Vll6 

-001-146-4 

-750-144-4 

2-,1:a'-003-375-4 

1J(-4} 
RM'77E 

-121-4 
-750-103-4 

ILL ED SYSTEM 

1---. -8R :S-OO~924-4 

TIll!! t R 
tlRt-Un 

V139 

Z-c:cr-~'4 

2-BRS- OO2'-1S·4-' 
CL- 153 

®. 

FROM 
RUIN 
Fl.USH 

r--------<~~~~~·FRONZCHS-LCV liZ 

2-1IIS-0G!-21-4 

003-24-4 

2 BRS-10E 21A 
en I III IIOI7tAL 
lOIf EXCH\IIJE lIS 

'--2- BRS-002-92 6-4 
2-BRS-002-927-4 

L2-5SF!-3~r5-153- 4 

Q.- /S3 

AM 

A,.-3"X4' (T'I'P) 

F 

tOClU.NT 
RECOvEIIY 

flUER 

V42 

COOLANT 
RECOVER 

PlLTEII 

--CL:-I53 

, 

2 BRS-FL T21A 2 BRS·FlT21B 
RM 

r2'-5SR-a 75~ 54-4 

RM-97A ...--"'-
B 

TO FLUSH 
R6CEIVING 
HEADER 

-375.-155-4 

BR~OZ-II &-4 

I NF SAMPLE 

TO PRIMARY 
E SINK 

\,121 

NOTE CONT: 
5. i'DRAIN LINES ARE TO BE ADDED BETWEEN 

Z, BRS-P22A& B BEDPLATES AND FLOOR ORAl 

6. THE FOLLOWIN-G SUBSTITUTIONS ARE 
ACCEPTABLE: 

VCS060·G·3 FOR VCSOIS'X'3 
VCS060-G'4 FOR VCSOIS-X'4 

'7_SINGLE BLtNO TO BE INSTALLED AT 
DEGASIFIER NOZZLE . 

8. STRAINER ELEMENTS WILL BE REMJVED NlD 
STRAINE R BODY WILL BE ROTATED 1800 AFTER 
SYSTEM IS FWSH ED. . 

9. LII'ES 2-BRS-003-1-"" 2-BRS-003-2-4, 2-8RS-OO& 66-4, -
& 2-BR5-008-&7-4 WERE INSTALLED TO ASt.£ m 
REQUIREMENTS AND WERE DOWNGRADED TO 
ANSI 831.1 AFTER INSTALLATION. 

10. THE FOLLOWING WERE PURCHASED AS QA CAt 1 

'" 

J 

AND LATER DOWNGRADED. "*" HAS BEEN Cl1:LETED t-H 
BUT MAY APPEAR IN EXISTING DOCUMENTS. 

28RS-AOV102 A. B 28RS-RV105A. B 
2BRS- PCV100A, B 2BRS-RV10eA, B 

11. FLANGES FOR 2BRS-FE101A a.e SHALL 8E SA182 TP 
316 MATERIAL. 

12.0N LINES 2-BR5-002-70-3,2-BRS-002-72-3, 
2·BRS-002-71-4 &. 2 -BRS-002-73-4 gO" SIR BUTT 
WELDED ELBOWS CAN BE USED IN L IEU OF 
SOCKE T WELDED FITTINGS. 

13 .VALVES VI21 AND VI22 DO NOT HAVE 5PRINGS. 

LEGEND: 
FO-INDICATES FAIL OPENED 
FC-INDICATES FAIL CLOSED 
RM -REMOTE OPERATOR * DENOTES NUCLEAR SAFETY RELATED ITEMS 

NOTE!,' 
I. THE COImIOL EQlJIPNEHT SHALL IICLUDE A PREFIX 

WH leH IS IDENTICAL TO THE SYSTEM WDE PREF III 
FOA THE ASSOCIATED EQUIPIIIDCT OR PIPE UNE 
UNLfSS OTHERWISE NOTED. EXAMPLE 2.BRi-LTI03 

2. · THIS sYSTEM WIll. BE IMINTAINED TO CLEANNESS 
LEVEL "r 1M ACCOROAllC£ WITH 21V111- 6l 

a NITAO'EN S aJPPLIED FROM THE LOW ""EHURI 
N6 HltDJD.JB~ ~ fL~I!L~, ItOU fOA USE 

4:~dl!!!VO( 1i"~,~~~3~ts~W-§f~~~ 
niT CONNECTIONS, AND OIOIICAL CLEANING 
CONNECTIO .. SHALL BE 116 SHOWN. REFEA TO 
21VM-lll ,~ ADOITIONAI. DETAIL'· 

I. S I HOTU toffT . .QOYE 

J 

I I 7 RM 
Vl7 

REFERENCE DRAWING!.. PIPI_ 
TO STEAM AWlIL I NI'( STEAM & AI II AEl(JYAL - IIM- 4!11 

.... 71£ 
111-", . 

-BRS-00331-4 

~-2-W-1IO-34 -4 

TO AUX BLDG 
FLOOR ORAIN 

CL- I53 

2-F 

V901 

. RN 

r--z'-OAS-7S0-35-4 

TO AUX BLDG 
FLOOR DRAIN 

z"SRS'003'134-4 

GE N ERATO R CIlMo"OIQT caLI iii P /1'1 KG 
~ ___ .r SLOWDOWN TK . • "A.I PIPUII .. 

~:3-BR -2/3-152 

UNIT I . 
COOlANT RECOVERY TANKS 

R A 

SIL 10 MIlE DI.-aIAI. PI P I NIi 
IIICLUft EQU I P. VENT & ORA I N PIP I NQ 
QWIIiIIG & VII 11M[ 1DI1M1. PIP I III 
GMEOUS lIASTt DI IPOSoIL "1 P IIG 
..... JECOIEAi 'biOl. 
Hal. CO. SUPPLY PIPING 

lII-e7A 
..... a,e ... .,. ..... 

8700 -.... 29A 
. 'tHIA 

FUEL POOL COOLING & PURIFICATION PIPING RM-S2A 
STEAM GEN SLOWDOWN PIPING RM-lOOS 

PCJm(H; rx: 'THIS [)()(lJo4ENT' N£ 

NUCLEAR SAFETY RELATED 

QUALITY GROUP CLASS IFICATIONS ARE ' INCORPORA TED 
BY REFERE NCE' INT O THE UFSAR. A CHANGE TO QUALI TY 

8 J 

J:'INALIZED FLUID SYSTEM lIC _IIjITlOII l1li TN. _HC1 IIjIY NCn' • 
cc.l1D 011 UIID POll OTHIII ~ THE CQG IIIUt 110M, 
~ 011 _ Of lIC PlNI1' ,ACILITY 
IIIIC111KD .. THE 11TI.1 • OCII. 

GROUP CLASS IFICATIONS CONS TIT UTES - --__ /-t-H 
LA~CH~A:N~G~E_T~O~T~HE~U~F:SA:R: ____ --~.--

F'LNOC HRSTEI-ERGY L, f«LEAR IPfRATlfli [OfoPANY 

ec··· 
~~~====i NONEr-

BEAVER '-"LLEY POWER STATION-~IT NO.2 

"--eM No.1 RM -92A 

• W DWG. NO.12241-RM-92A-27 
- ,. \ 

-
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'I' 'I' 'I' 
, 1 0 11 1 

t-+l~ ~­
~llc..:..S-f 

® 
>: 
lli 

~I~IH 
2 

c.® 
~I ~ -

® 

@ 

<~ 

@ 

~~I 
{!i£ _ 

® 

li~ 

@) 

I~I 

-{--- -

V77 -........ ~O N N -:~'r.-----l / 2CHS-TK24 

"-' t5~~- lid'R ED. 

2-WSS-002- !~ \~ \'96 
NOTE 6(TYP-ALL DEMINERALIZERS &. . 

ION EXCHANGERS) 

MIXED BED DEMINERALIZERS 

2CHSJ!DEMN 21A 2CHS1IDEM N 21B 

CATION BEO 
OEM I NERALIZER 

2CHSlOEM N 22 

~ ~ ... , ... ~ ~~ 

2-W5S-250 -1-" ~~I 2-WSS-250-2-3, -:::Mr(~'I~Y:' ~~-'~",S_,!._)-25g~~~;~=~.J~~ 
,.---_____ ~C;:L-~15~3~i'+'~ ,r CL-153' , "kNNS CL-1~_ ~ 'fNNS 

2-WSS·002-11-" Z-WSS-()()Z-13-3·... SC-3J 
II " 

2 X 3 REIXTY -. I CL 153 -:.' I Cl "... I 
c L-I 5~3-;;~=~ 

~NOTE 16(TYP-ALL 
DEM I NERALI ZE RS & 
ION EXCHANGERS) 

, 

",'",,,, '" 
DEBORATtNG OEMI NERALlZERS 

2CHSIDEMN 23A , 2C HSIOEMN 23B 
2- '"~~ '"'c,,' ... 

"'"' .... "E £", ' .... 

_" ,1Y""" _.r_ ii '3""1 ,~.. NNS 
NI ,-v CL-1o.;\./'" L- .SG3 

I sTI 2·WSS·002-15-3 • ---

CL 153;2:.=~1"-.~ CL 153........ I 

G 

CESIlJi4 REI«lVAL ION EXCHANGERS 

I 

FUEL POOL 
ION EXCHANGER 

2BRS-IOE 21 B 2 BRS-roE 21A 2FNI;-IOE 21 

H 
I 

J 
I 

CLEAN UP I ON EXCHANGERS 

2SGC-IOE 21 B 2SGC-IOE2IA 

i7 V6 ~ 5<>6-4 ~i7 c1"Y--V 7 ~ ~ 1/ )1"'f:;~~~VVSS-2 -+. -+- 10 
V. W. CL-153 L "V. 50-7-4, ~ " 50-8-4 V ,r ~ "-wee "~V w-4 V ,:, 50-10-4 

L ~V905 -2-1ISS-002-16-4 "'-CL-153 ~o -153 -CL-153 NTOyTp)ES,,;, """"CL-153 
- , ~2-WSS-002..IT-4 "V!U" ~ .... ~ ~ 18-4 ~ 2-1155-002-29- ( ) ...... :'" 2-IIfSS-002-49-4 

... I rl 153 ~ I ~ ','\" .. I 1"\ I "' 
~ CL15~ ; ~CL153 ~ CL153~ ,,,- CLI53 

~, e "!! 
~ ~: ~ , 

I< 

HOSE CONN 
J---, 

V6,7,8,9,10 IVSS150-X-4 1" 
(NOTE 15) 4 

1~~7,18,1~,20,26,2~280 
! ?'l:vl'V 34 A" A, 

2' 

~4<I 51,52,59,6q65, 
~" I 'l() 91 100 
Il'lIlA ~,-, , 
-, )15,~,r 18,119, 

120,123,124,125 

QUANTITY 

5 

4 

1-

42 

12 

, (" ~ ~~ ~ §! 
~ WASTE ~' " 

-1s ~ ..... AU X. --..joIf--- HA NDLI NG' ~iiT,i2,2TT22r,-~;;r;:;;;=3f;FII5-1 ~ - ~ - ._- BLDG ,.., .- t!: '--- .- IVI 2':> :>.... '0 2 .~ •• :. ___ :' -:::-.. -:-: BLDG !!? __ .. ;-.:~~' ~ ,-- -- 1'.,1,12,21, .~,~v, " 15 -@) 
~j:7 .. d ::l ~ - ~ - 2-FNC-002-23-4 d 'T 24,25.35,36,107,108, t---T-l 

._- -. 
2-CH5-002-20-3' ~:t:::t:7 

., .~.. .rltV1I2 d... ..... l..... ...... .,...--CLI!l3 l.." ,.., "-.. ..... --r .. -;"2-~S··~u;c .. nO"~02.-7'7- 4' /-,,2--'~:::""~'SJ,SJ-~iO-I'14-4 11nc) '10,111,112 ''I 
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NOTES: 

I. THE CONTROL EQUIPMENT VALVE 
IDENTIFICATION NO.·S SHALL INCLUDE _ 
A PREFIX WHICH IS IDENTICAL TO THE 
SYSTEM CODE PREFIX FOR THE ASSOCIA-
TED EQUIPMENT OR PIPE LINE UNLESS 
OTHERWISE NOTED EX 2WSS-FI 104-

2.BUTT WELD CL-IS3 PIPE 
3. DESIGNATED II NES (6) WILL UTILIZE 5 

LATERALS & BENDS INSTEAD OF 

NOTE 6 -AUXILARY 
BUILDING 

RM-89.C L D , :~, E WATER /~. \'~ 'or, "', ''--·~2.-W5S-CI02-loa-4 TABLE ,~ 11:., i~ , SUPPLY _,~-, t . .:.::. -
lL -3) NOTE II ...... --1 ~ __ ...liI~_., 
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L.' , Lrll,,~2'WSS-'7SO-I12-4 ~15.J V 
TEE S AND ELBOWS 
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TUN~E 

TUNNEL 
WASTE HANDLI,,_ 
BUILDING 

II 

1V 
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V65 
V932 ~ 

:D D 
2-WSS- 002-·1O-4(\·,£:A~· ') ......... 

'\'--~2- WSS-{~)()2 - 47 -4 ~ 

VS9 ...... 
RM r: 

.1.1 ,-, 
RM AUX _DG _TUNNFl "-- 2·WSS-002-47 -411\) 
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-2-WSS-002-45-4(6) 2-PGS-002,-8-4-. V73 

L~ ___ -' PRIMARY 0 ~ NOTE 6 
GRADE > RM-1I2A >;.J.,., ot>l-£:!' ~ ... 
WATER (D:-g; VI 7 V7 ... '/ 
SU PPLY ,~~ ,:-:, ,.,r 

V70 
~~ RM 
,~TUNNEL 

2-WSS-0Q2-111-4 ~ 

rTUNjIE:l 

-tCONDE~N:S~A~T:E:::::::jt::::::---~2~-~W~S~sj~u~,~tI~-4~(6)----.. TO/FRO" 
VI22RM -VIZI RM J (NOTE 1S) I m 

POLISHING "" '~I <~100> UNIT-I SPENT 

CLEANNESS LEVEL C IN ACCORDANCE != 
WITH 2BYM-62 

5. GRAYLOC BUTT WELDING HUB NO.2 
WITH SEAL RING. ~. :~ 

,. VALVE IS SOCKET WELDED-PROVIDE 
PIPE END CONNECTIONS TO MATCH. 

7· VALVES WILL BE PURCHASED BY FIELD. 

8. THE FOLLOWING SUBSTITUTIONS ARE 
ACCEPTABLE: VCSOI5-X-4 FOR 6 
VCS060-G-4 ...... -1 

9. STRAINER BODY TO BE REPLACED BY . J@ 
CL 153 SPOOL PIECE ON COMPLETION 
OF SYSTEM FLUSH '- ~~~Pi~I~~TE ~V125 

IU~. ..-------- BU ILD I NG 
1--:""0.- \2-WSS-750-935-4 -'------_"--

D 
(. r::,. BUILDING r-J ~ • • RtL-HA RESIN WASTE 

UNIT.J HOLD TANK 
CONDENSATE LIMITS Z'SW-18H53A 

10. METHOD OF CLOSURE FOR LOCAL VENT~ 
DRAINS. TEST CONNECTIONS AND 

i ~:~I WATER FROM ~(--- ~J "'A ® ~_ ~~/.2--W-S-S--0-0;;'--4""'" 
SPENT RESIN :1:11\ '7.::;' - - ~ 
HOLD TANK > r\m--:I lB ..... ;\ '''.F'~.J 
2WSS-TKl>l> F-3)_ ."...i . \'Ulj ...__-, -2-WSS-750-936-4 
",~ .v_ ~v~~, "E' 'J\ ~·Lv,=~ ....... ," / 

__ --I 7 ~ CONDENSATE (NOTE 1S) I ~2-WSS-STRT 255\ /...l_ ~ 7 ... \ 
POLISHING 1 N ~ ~ RED. l"{ ..... · -w-"'it r j't.'T\ 

TUNNEL_BUILDING ~ ~ '$_ 'fl.J 

C'" ~~~. ,,1...... - .r "' VI7 ~ , NOTE 6" --::. 
TO/FROMUNITI UNIT,~_I inp.' ~\. / _ ~vl-270-4 ~~:,,~S-002-140-4 

@ - SPENT RES IN LIMIT:" ~ \.. 2-WSS-150-269-4 w 153 

t--r.:I9 

I~ 

~O~~TERING /"- 82-152 ~ '-iX1~·RED. 
SEE' NOTE SEE NOTES 9 & 11 

2-WSS-002-135-4 

2WSS- P21 
SPENT RESIN TRANSFER BOOSTER PUMP 

65GPM 90 TDH 
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V124 
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• 

POLISHING 
BUILDING TUNNEL 

DISCHARGE 
STATION 

(TRUCK ACCESS) 

NOTES (CONT D) 
17. LINE NUMBER (S )(SEE BELOW) CONTAIN(s) (Al 

SCH (SEE BELOW) SPOOL PIECE(S) ,SEE 
ISOMETRIC(S) FOR DETAILS. 

LINE NUMBER SCH ADDED 
2WSS-002-134- 4 40S 
2WSS-002 103-4 40S 

18. LINE NOS, 2-WSS-002-47-4 AND 2-WSS-002-58-4 
ARE HEAT TRACED BUT UNINSULATED TO PROVIDE 
GENERAL AREA HEATING IN THE SOUTH PIPE TUNNEL. 

19 VALVES *V1 THRU *V5 AND V6 THRU V10 SHALL NOT· HAVE 
CLOSURES INSTALLED PER OLe OPS. 

CHEMICAL CLEANING CONNECTIONS H-! 
SHALL BE AS SHOWN REFER TO 
2BVM-211 FOR ADDITIONAL DETAIL. 

II. REMOVABLE SPOOL PIECES SHALL 
BE SUBSTITUTED FOR DRAINS IN 
SOLID WASTE SLURRY LINES. 

12. SYSTEM VALVES ONLY OPEN WHEN L 
PROCESS LINES ARE ISOLATED. J(!) 

13. PIPE CLASS BREAK OCCURS AT INTER- .....,. ... 
SECTION OF TWO LINES. 

14. CORROSION INSULATED JOINT PER 
2BVS-920. 

15. VSS150-X-3 IS AN ACCEPTA.B1.E SUB­
STITUTE. 

(CONTD L-S) 
REFERENCE DWGS, 
FUEL PIT COOllNGt PURIFICATION PIPING n & 

BORON RECOVE RY PIPING " .. 
NUCLEAR EQUIP VENT~ DRAIN PIPING o~ 
C HARGINGt VOLUME CONTROL PIPING ~; .t~ 
STM GENERATOR BLOWDOWN PIPING ~R"I":~~ 
PRIMARY GRADE WATER PIPING RI '''"-T'.-t 
SOLID WASTE DISPOSA L PIPING ..;. '~ 
SOLID WASTE DISPOSAL PI PING 

UNIT NO.1 
NOTES(CONTD) • 
16. SOCKET WELD fx~ Ri::DUCING INSERT, 

PER PIPE-CLASS 153, INTO GRAYLOC 
BLIND HUB. 

PORTIONS OF THIS DOClt1ENT ARE 

NUCLEAR SAFETY RELATED J® 
9 

FINALIZED FLUID SYSTEM 

THE INFORMATION ON THIS DRAWING MAY NOT BE 
COPIED OR USED FOR OTHER THAN THE CONSTRUCTION, 
MA'NTENANCE OR REI'>\'R Of THE PlANT fACILITY 
DESCRIBED 'N THE TITLE BLOCK. 
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VII7 
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CESIUM REMOVAL ION EXCH. A EFFLUENT r2-SSR-375-153-4 rCL-TNSS 

COMPONENT COOL ING WATER r 2-SSR-375-1-4 ,CL-TNSS 
~RM-77E < E-3 

DEGASI FIER A EFFLUE NT LlQU 10 r 2-SSR-37S-3- 4 , CL-TNSS 
RM-92A< F-2 

~~nwc; -;L"Xi' 
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~III "--~"xJ 
LETDOWN FLOW r CL--TNSS --ff:~7~~~;::_--L~:.!!~---<~~~~ r----------------------------------------------------------------------~'-------""-----....;..-~ ~'x~:::· ~~ "'- l'~!." CL-T'~ RM-79A < C-2 
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MIXED BED DEMINERALIZER B EFFLUENT 

DEBORATING DEMINERALIZER A EFFLUENT 

DEBORATlN6 DEMINERALIZER B EFFLUENT 

CATION BED DEMINERALIZER EFFLUENT 

CHARGING PUMP DISCHARGE ,CL-TNSS 

2-SSR-375-12-3-

*'1 
2-SSR-375-87-4 ... 

"'-CL-TNSS 
f,_2-SSR·375-89-4 \ ... 

2-SSR-:37~-ae- 4-..1 

CL-TNSS _.AI 

-:!- ,RM-79B < H-4 
CL-TNSS, ,-2SSR-500-949-3 

. r 2- SSR 375-16-3 ~ .... , 
RM-79B < J-4 

CL-, r 2 SSR-500-950-3 
r2-SSR-375-15-3 \ 

-:!- ,-RM-79B< c- 4 
CL-, ,,~~ ~2 r 2-SSR-375-14-3 .... I SSR-c,liU-951-3 

~~XS~(TYP)--'" "';RM-79B< E-4 

r2-SSR-375-13-3 r CL-TNSS 
,RM-79B < G-4 

~ fX~ll "'7 
.... r2-SSR-375-E,-2 .i rCL-TNSS 

16 RM-79D < A-5 f l2SSR-500-945-2 r--:. ..... 
" .i2-SSR·375 -7-2 .... rCL-TNSS 

od ~ RM-79D < A-5 
t-~---;,.,..'" - t 2SSR-500-946 2 

f' -375 -8-2 rCL-TNSS 
.. " ..... n ... -nJD< A-5 

t---:.IA~~ /' t \I Yr') t. 2SSR-500-947 2 
VOLUME CONTROL TANK LIQUID r CL-TNSS r 2-SSR-375-IO-4 11;/ Ii T2~S SR- 500-92-2 r CL-TNSS 

~----------------------------------~------~----------~~~ ~\]" 
FUEL POOL ION EXCH. INFLUENT 

FUEL POOL ION EXCH. EFFLUENT 

VOLUME CONTROL TANK GAS SPACE rCL-iNSS 

NNS ~QA. CAT. t ~~ ~ 

L2-SSR-375-150-4 r 2-SSR-375-151- 4 

rCL-TNSS 

,CL-TNSS 

. *(f,9"" 
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VALVE 
IDENTIFICATION 
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VI24 tVB~SOl~j-Y-2 
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WHIC.H I~DICATE-=- VOI-JD VALVE -rAlOo I-Jo. 
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SAMPLE 
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2SSR-TK2IE 
2SSR-TK2IF 
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\.,. -TNSS 
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:~ /""CL-TNSS -T<1~~~: RM-95C< 1-9 
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~ PRIMARY DRAIN TRANSFER 
SWEEP GAS TANK 2DGS-TK22 
HEADER 

,2-SSR-375-900 -4 
, , ,,2-VAS-750-29-4 

z:.. CL-153 
C-7 

CL-TNS$ICL-153 

5C-2 
SAMPLE PURGE LINE TO 

2-SSR-750-0A-'>- VOLUME CONTROL TANK 
~~ ~~ RM-79A H-2 

12 1\1\'124 lCL-153 -,... . 
2-SSR-7'50-30-4 

H-8 

BY"'" BY S$W 

REFERENCE DRAWINGS 
COMPONENT COOLING PIPING 
BORON RECOVERY PIPING 
NUCLEAR Ea.UIP.VENTi$ORAIN PIPING 
CHARGING 4 VOLUME CONTROL PIP'NS 

FUEL POOLCOOLlHG PURIFICATION 

RM-99A 

• RM-77E t-+--t 
I=IM-92A 
RM-898,C 
RM-79A, t-+--t 

B.O 

PIPINS RM-a2A 
SAMPLE PIPING - SH.I AM-99A 
GASEOUS WASTE DISPOSAL PIPING RM-95A 
PRI~ARY GRADE WATER PIPING RM-IIZA 
NUCLEAR EQUIPT VENT & DRAIN PIPING FU.H39C 

7 t-+----i 

• t-+----i 

ftRT1(H) Of lHlS [)()ClI£NT ARE. 

NUCLEAR SAFETY RELATED 
• ~-I 

~ / FINALIZED FLUID SYSTEM 
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L S_&W_J_-6 __ RM-__ 99A_ __ /1 
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CQf'1W 011 USED FOIl OTHER TtwI THE CONSTIIUCTIOH, 
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1 INSTRUMENT PANEL (PI\ I 

2 PAS- PN L 21C 1J.:i?) I 

: (N OT E 3) ~ TrL-tloO:--c:..LJ-' _______ --, 

INSIDE CONTMT OUTSIDE CONTMT 2-PAS-001~38-4\ 2-PAS-004-9S-:\ If) 

,EL 770'-8" THRU S-332 2-PAS-375-46-2-, ",r15\ ® ~~~~~~004-97-4 /~'~ 2~PAS-006-76-4Cl:151 
1 ....". 111 

CRANE WALL ~I 10~. 't'1/ 2 -PAS-375-74-4 15 50CF,t:::1 ~~. r7 - - - - -:..- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -.., ~2-PAS-250-57-4 

~oj !P (' Y2 2 -PAS-375-47-4 S '- -- V89 I T' 
LIQUID l\, GAS SAMPLE PANEL I ~ SOY 

2-PAS-375-51-4 S S ~ CL-151 RB-83B SUPPLY INLET 1 . 2 PAS-PNL 21A V16,7 (1~ V15 AE125 % 
.. SLO~r:: ~ SLOPE FC"":' - "" ;") ( 2-PAS-001-43-41~ t[<;:l~' _~CC-5) 1 7. (NOTE 3) . '. {1X:> ~ 

J r-,.. ." ~1 r'>. CL-151 J~~ixJ. 'PAS-001-42-3(Z) 1 f-V207 VACUUM \ GAS ~ 
CL-TNSS ~. / MC')---- My. '-"~ '--' ~ ~ ~ C L-151 1

1
, "~\:1- 3 RESERV\I R 1M'! r\~ _, HRQMATOGRAPH J / ~ V17 I 

I CL-153 , .... '-" ) <EJ SUPPLY INLET'~ (*V27 ( ~]t1J" - a '< ~.' r- , M-O'~ '-DEN07E~ .J.-l'--'<,I,.FC)· rc,\V206 
,'X .1" ~~~ m NNS NN~ ..... SC3 -(Co2) ,J.., V14 ",-v 5-WAY -X SCM4 r.~::.' ~ DIL~~D I~; I r.:S'"'A7M;;:P~L~E 

I 
..... 

I ~ V551 

I /I. (.I;"-Y56 I 
I ~ /IS\ \., ~ _ I 

I V66 SOY \ t-I"':z>":r'-{.,J.J-------.., 
I 173" V57 T 

l ~ I , so-I F·e.@. V§.8 I 
I Y60 13;Q'\ 9 ~:a;)..-o--------, 
1 ~ 1l2. Y51 ~4( 

"''---- 2 - PAS-250 -60-4 

OPEN TAp8 AT RED. ~~~~g \ ~5 2-PAS-37~-73-4 (r _ _ _ _ _ r ~OTE ~ __ .!-!AS~75-~3...,.74 _\; l.2j VALVE(TYP) ~ ~ t J SAMPLE PORT l ') V2~1- VESSEL 

CONTMT ATM '- 4 CL 151 2-PAS-375-2.4\ P I AS\ I ~ I SCM ~ -"1. •• - SCM II 

2 (F'i~I~lld~~ENT) SW/NPTADPTR,CL30lT \lc,. G r:-~FC IS 1 /""'...L.::\71:- FS . V12 112 I ~~iUN;~~~DV204 V20 ~ 
2-PAS-375-102-4 '-../ I ~ SAMPLE CONDITIONING T !VI 1\ S1 \ V23) GAS SAMPLE ,/ ...... ~ 

I 
..... IC '"[---+J_ y I 

2-PAS-250-62-4~ I 0" SO:f) f'e ~I _~ ~ 1 
I V52 .141;:_"S 146.::-" ~ 

3 

4 

6 

1_-C1}-·--{fr.IC r ~X )- J~ I 

- '0'1' 11G~ . .(S! fc7'\C ~~~ 
I. PI 

2-PAS-375-1.4- ~ V322 V102 l~g:~') V310 RACK I I '-i FLT-3 y18 ~ ~ CASK PRV3 vRV' 

I Sl/sOV\ I I~ II {~1 3 V 13 ,_.118{ ,--~. ~~,~~..I~ .• ~ . .v_~2~4~==~~~~~~,b~2~3~LL--.--I~' ________ .,..., PRIMARY COOLANT> ; F I ...... \tE9J 1, I F~ ~\ V302V30?Q V307 2PAS-PNL 21B 8Y 1 BY. 05 ' - 1)..\ , • ~ V200 ,/- ... 
, HOT LEG SAMPLE RM-99F . - _ , (NOTE 3)TS NU~"'SWEC 1 ~ L.!.2) "-~~'''..I-I~" -::: / I ~ 

INLET Ih!) 2-PAS-l_~l~_~~~5~lE10) ~JII V103~ \...?PAS-E1011--,RV)(~~ I I SET AT 124~) 2PAS-P25"'-/ ,CS1 I 2-PAS-375-63-~ 1 V 5 4 'W:?KrSl 14~,......, ~ ~ 
J, OIX-' T ~ \ ~ I 
I HAND ~FC'V ,J:] PC I 
I SPRAY PI'" V 53 1--142; 
I V6S 148 J ------ I 
I f-~ ..; P I 

,\l # I ,,,30":l} ___ r '110 AO\ V10S ' ~110 PSIG ~ - I;:c:;. VACUUM . 1;t'~ I . 
2-PAS-375-4-4 S<?."\ 5 I L>7 -- )~ I PRV2 RV) r@IIV9 0 ' PUMP ~FC 

RHR/CONTMT SUM""'RM_ 99F ~OJ FC~ V323. ~~:\ V303 " ~~~ 3CfE~\ ,I 122_ ~a· VB. 1 I-~ II DILUTED S~~iG I 

. SEi~~;~PpLRE INLET / [I-h] 2-~~lifP,-gj-A 1<" ~??'O' lU 1 V101 ~0., V311 1%~T P~~G 101 FC~ I : I ;-2-PAS-375-54-4 " I@EJ . (~ ~ SLIAQMUplDLE IS ~- - - - - - - l 
55PSIG 2-PAS:'-375-30-4- '- ,I ~oy _Lt .. u II _ jl AOV V7 X. ) AOI/\,..roR V211 .... 

~, ~(zlro -em V61 : 
BY I BY (PI ~,,2, ~ I /\ 

SWEC I NUS 1149 
) CALIBRATld~,I~ 

,.J LIQUID TK S.-..',.1 . 

SEE NOTE16 ~ ;tf:l 2~PA'S-3'i'5-68:'" , SJ .'1' 'I !.Ar7F'~ 'J I I j r ~) I 174 ~ @~ 14;l1 _ :>\... VIO [; REAGENT RACK I 

PNEL~I~ WATER )RM 101B)4;:; .... =;,;, ~_ ,I F:;j~V: ~~) I@V1091 1/1 DILt}~~~ , V11 r---- = ____ = . ~~~~ITOl: 
(F-5) V104 AOVJ IT .~) L I M! ,-J~ J P23 lTANK -- r--- - ---- - ACID 

2-PAS-750-26-4 --I'"'l I\le I 30,A ;- TO HCV 309 ~.-ru - ..., ( '-J....... DILUTION L.L::~~1 . I ~ /15 J";l TO PNL 21B - I : , ,J ___ PUMP 1 -1---- - BORON STD I 
- --- _ r": ~ DI WATER' I 

-V2~'::<8 ~ CL STD I . Q--~ V231 I I ENOTES., TO HCV309 - , \\1 I ~AE) rF1 163 V26V19 149 .... ~ /'PT AE1,,"i lV \,.2-PAS-250-66.4-,,------+-I 

..,..-_---." ~ V~~7 : }ftrYNEJ-
0K 01"-' OPERATOR- -L\'(~\ I' I f/ s\12-]' ~<~_Q.~ !.2-~ ~il\\ ~~ F)'C':1~3 I ..-t:::PRO~E V210 £ T.O ~NL21A D!--~_I-

2 DAS -TK 2 03A > -----:: ('-: -324 !.W NOTE 7 ~ J) ), 1Q~11"~""3_fr3-;.,.~t: .. -?:i:;'~r_:__,-.!.Ll;;;!;l:ll~~~T ':::..Jr.~_-::: I;(]'>-f/'f.~ AE 1--- SOLENOfD OPERATORS 
SAMPLE INLET RM-~S9C~ ..... '1,:'- 2PAS-P2~ L- NOTE13- - \ I -~~. r2-PAS-0"01-=-45-3(Z:) -1 PC ), TI F k-\1i~ }CM'" --rV212 (~ ,.I M \ ~ 12"0/ P27 AND INSTM I 

(H-1) SOV"~ ._. S CI:151 FL T·1 9 1 1 :'>1'""\ //:t\ -l-" PH DIS.02 I I 12'~' SUMP SAMPLE 16 / Io~,! f:'i.oYl ""~ -- - ICALSOL 
2-PAS-750-22-4 (LS BOOSTER PUMP 1"";-::" -""RM 47D i£ ~OV Ivt)~ ,..... • ~ V 5 10~ \ is! V : : - 'INSTR AIR I 

2DAS-TK 203B) ~_V325 2-PAS-001-41-4CL-15'1- ,~~~ I ..... / - 310 V1 1011 ,I (t6~ ~.').; - ION r> .J 
SAMPLE INLET RM-89'7f'" 'lEe.; ~ "" 2-PAS-001-44-4 C'=151- N ... ~· (D-2) PC ~ I - I - V2 ·AQY V6 '-CHROMATOGRAPHI- -1- ~ ~ r - PORTABLE-ION' 

(H-.4) /~"''0- ~~'I'--.. I' ~-PAS-375-901-4 'S'll !~ 161 I L ~r I CHROMATOGRAPH 
2-PAS-?50-21-4--" 1~9''i1S;fl 1 ----~'r"-2-PAS-500-94-4 f_I_~. " 1 SEE NOTE 18 15 V3 AE126 -_ f' '1- I AE127 

,.... r---..... >.:1... 'RB 83B SET AT j."r\l.V2':';!.02 ~ 2DAS-TK203C > -V~",6 I ...... '('Fe: ~ - I ~. UNDIL.:UTE:C 1"'\ I MOV 1 
SAMPLE INLET RM-89C ".'b. \ t'- 2-PAS-500.14-4~'7V321 (c-:.) I 1 0 V10 . -'" 85PSIG 1\ ~ L1CUID H-'"':'Gr:::-..,~1,..t-1--' I 104 V4 

~
::c.rc t-- - 2-PAS-500-93-4 0 , .. " RV PRV1 ~~~2i" SAMPLE I'Y22 

(H-6) 0 ( 2-PAS-500-13-4 11 2-PAS-001-50-4 I 110 121 Y2'11' LCASK 1..:..:/ V203 I' '--2-PAS-250-64-4 I 
2-PAS-750-20-4 118 S CL:15'- I _-,..-=-:::"===-_ S,-M~ , . 

2DAS-TK203D > "- ~ (~Vll.7 2,PAS-500;"2-4 2-PAS-OOl-56-4Cl;151 /"'\ ,1 M~ - - ----+:1<.11------<0)---.".----------.1 
RM S9C~} _~~ ______________________________________ ._------_j1--------------~ V201 'I ~2-PAS-250-61-4 

SAMPLE INLET - .... ~ Fe,' t ~ Y -'-. I V20Eti. :...J 1 1 BY BY 

(H-B) ~V (''';: I NUS.ISWEC 
2-PAS-750-19-4 117 S I ~ I 

~ 2 -PA S-500 -12 - 4 

PRY RV\ ____ ~II 
I 4 ~ 
I SETA,!,.,."- SCM pH 02 I 
I 10PSIG 1\ 7 '-.....-' 1 

I ~ I '\ T ~ I SCMI 
r--'\V6~ .A 8 I 

,J. F ,'.. ~r-v~ 

: FLT4 p 1, I : 
1 P22 £1 I 

I ;(5\ 1 
1- - -u--- --I - r- - -- - - __ .J 

~2-PAS-250-65-4 
IF ' 

FLOOR 
DRAIN 

2-PAS-250-82-4.../ 

,-2-PAS-250-81-4 

2-PAS-250-80-4 / 

. 2-PAS-250-79-4.J...../' 
2-PAS-250-78-4

JJ 
2DAS TK206 > V328 ' .... - - - - - _.J 2-PAS-250-S6-4 7 
SAMP'LE INLET RM-89C/ ~~n .. :f 2- PAS-500-91-4 '-- L-2~PAS-::-37 .. 5-900-4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • NOTE 11 

./ ':'- \ - -- - - 1~2-PAS-500-119-4 DENOTESQUICK ....--_______ .--....L.---------' 
\U-~) 'tSQV, ~ ...... 2-PAS-375-72-4 ~ r (NOTE11) DISCOTNyNE.CT FITTING 

2-PAS-750-l8~4 \316}-fS ;------~ ~ .. r P) 

2DAS-TK208 > ---- ~1"~3"9 ~r-----........ - l I I I I I 4 J 
SAMPLE INLET RM-8~~.'" ~''':'/ <'i' \ r-----........ .............. ~ ~ 2-PAS-375-58-· ::-... 

l.!::S:-,} I .............. ~ 2-PAS-500-11-4 J 
Y-! :."ll . ~--:;;) -......::::'l........ "2 - PAS-500-90 -~ II . r---__ --l~~;;;;_;::;:-:;:;:;_:_:::c=-.:2~-P::A:.:S~-5::0:::0~-=59~-~4=::::::::::a... ___ c! r - - - - - - - ., 

2-PAS-750-17-4 W5'\ 'sl--t-...... . --- 2 -PAS-375-55·4 ~ I "'-..-+v,}. 1 
j'"-{:>JJ .......... ~~ I 1-__ 2·PAS·500·121·4--.. HC\---f-,--""'ri'iUl.2.:> 

~~~SPI-LTlfNO~E'T >RM-89C ,... r:F~~Ic::V\-3~0- r-----..-..r---=:=:f-...... -------- 2-PAS-500-10-4 2-PAS-:D0-71-4---1 2-PAS-250-87-4 309 I ~~ELECTRICAL I 
I---.. -------- ., PA S 500 89 4 ......... ./ CONTROL PANE L 

i (A-2). 'h 1-----.,." - - - 1\"2-PAS-37552-4 2-PAS-250-85-4 I 2PAS-PNl21D I 
1------ 2-PAS-500-95-4 OUT$lPE PAS. INSIDE PAS - - - ...... L _ jN_OTE_3L _.J 

2-PAS-750-16- 15 ~ CUBICLE CUBICLE I _ _ _ i2.PAS·500'126-4 IL-__________ ....J 
2-PAS -5r08B-4 2 - PA S -3 7 5-S 3 - 4 IT - _1~~-::-====~i01B~2::..:-::...PA::::.S::.;-==3:.:..7"'-5{,-9~'0~5\-4:=:::O'-::_"1 V902 SE T ~A;-:;T:-----r;;:;.--;:OSE;:CT;O-;A=T ---------+--+-+-t-t----

'2-PAS-375-31-2(A-)*~V VS3 C) L2-PAS-375-99-4- --.1- ·NOTE11 m'£,\...... ~ SEENOrE 50 PSIG RV) 1]5V2,1 50 PSIG 
.' 10 s, 1----------- - - -[} ... -- --, ~ ~ A SEfAT 1~1 ~ (RV)SETAT 

2 RSS* P21A )1 I 125 PSIG I / RV\ 154 75 PSIG 
~ :-'I PRY 1 t-N~E5WLACES)1 1" 1" 153 L ,.. . ')fl-

\ 401 BY NUS X RED ,r-l 
~?·O) ~ 2 -PAS-375-33 -4 " 2 4' SET AT 5OPSI"" 

2-PAS-375-32-2(D-i~sg <' -.l ISET AT 1 V84 I I I 2.PAS.250.122.4 " r 2-PAS-750-48-4 I 175PS G I r-l===1:==t===t~~f~S;~----.J 2 RSS* P 21 D /' " I 2-PAS-375-99- 4 
." 2 - PAS-375-84 - 4 1 I I 1- 2-PAS· 250·123-4 

SAM PLE INLE T RM-85A ~) '" V86 ...--.. [-':~J:==t=~~~~~~====~ " I V126r-'FS\.. (TK25 H LE I l I l~Hj) *~O ENNS 2-PAS-375-3~-4 rO<J--r-o-i>i;H·' T 130 V232 V19'7 VIS" VI? VI6 I 2-PAS·250·124·4 

2 ·PAS-7S0-49-3 " 106 \.!;;S QA CAT I, SC-2 .~ 2-L"i~~~~5-900-4 T WAm., WASTE DRAIN II 2-PAS-250-9-4-- SET AT SETAT ~ SET AT' SET AT\7 SET AT !--2·PAS·250·125-4 

NOTES: 

1. ALL INSTRUMENT, PIPE AND EQUIPMENT NUMBERS 
" . ARE PREFIXED WITH PAS EXCEPT WHERE A DI FF-

ERENT PREFI X I S NOTED. 

2. THIS SYSTEM WILL BE MAINTAINED TO CLEANNESS 
LEVEL"B'IN ACCORDANCE WITH 2BVM-62 

3. ALL EOUIPMENT,VAlVES,INSTRUMENTATION AND 
TUBINGWITHIN THE DOTTED PANEL LIMITS AS IND-
I CATED IS FURNISHED BY NUS CORP. BOTTLED GAS 
CYLINDERS WITHIN Tf-EOOTTLED GAS RACK ARE TO 
BE FURNISHED BY DLC, ALL OTHER ITEMS FURNISHED 

BY SWEC. 

1 

2 

3 

5 

I 

__ ;......j7 CGOASNTRMETTUVRINA TO RM-8SA / ::'\ . A~ r-::r.;-,..1 ~ RM 93A I DpURMAlpN L, TANK I~PSI(; 40 PSIG 40 PSIG 40PSIG "SOFISIG. 

.. 1 CONTMTVACSYS ("'-f) cd) l'C'rNNS 15 I..f:-U L I P24 V125 2PAS-SCM12 1 110~IG.,~r:L~/_ 170,'\171 __ 1":2,,17:/\ NOTE8(TYP) "~@ .I!I ) 1 SET AT rPRV- PR ~R ~RV ~~R P VIS 4. ALL SWEC-SUPPLIED MANUAL.lCHECK,&RELIEF VALVES..!.7.111 
ARE TO BE FIELD PURCHA:.ED PER PEL PAGES. 

• 

• 

2-PAS-375-7-4 .... 1Q2~ ..... QA CAT I, SC-3 .....-2·i~~;~~-i~:8~? L _________________ J . ~ :Cj. -r::l - ,j - Li ~7 -'(1..: r 
LIQUIDRETURN R 99F AV331h~\ L WASTE DRAINSKID r--~ ..::...::".!r-::..-... -=r=-=,:j --~: .::;:.';::'-Lr--~-l NOTES(CONT'D) 5. ALLSWEC-SUPPLIED TUBING IS CL-TNSS EXCEPT AS 
TO PRT/CONT M-. " ... --;:-:... 1.."FS) (NOTE 3) 1 tN' "N"""" 'N';' t5~ 1000 '10>/ Ar "Ar" I 9, CAJON VCO FITTINGS TO BE USED AS REQUIRED NOTED. 

SUMP (I-3) ~QY ,:::; 1...2-PAS-500-902·4 I ~2 2 H2 PPM 02 ~: FOR TUBING TO VALVE CONNECTIONS. 6. METHOD OF CLOSURE FOR 'LOCAL VENTS,DRAINS,TEST 

1°~ffi ~ I ~ InA IHA2 InAr ~ I CONNECTIONS AND CHEMICAL CLEANING CONNEC- -/ ---/"7 -V3'""2.1 ( _ I'~ - 2 -PAS-37.5-37-4 n 
LIQUID RETURN ~~ _. I I" TlONSSHALLBEASSHOWN.REFERT02BVM-211FOR 

TO PDTT RM-89B". In'"~ 9 I '--.-/ ~ I 10. LINE NUMBERS 2-PA5-375-67,1'l9-4ARETOBECONNECT- ADDITIONAL DETAILS, 
(B-3)*rS??1~2-PAS-375-101-4 ~ 2 -PAS-375-35-4 • 9 _ 2-PAS-750 -77-7 V85 ' BOTT LEN~T~A3S8 RACK I ED AS CLOS E AS POSSIBLE TO 2 P~S-SOV1 01 7. 1r SOCKETWELD CONNECTION AT RACK BOUNDARY 

<\!O~ sl t'x), ... ...-, L. - - - - - - - - - - - - -'- - - - - - - - - - -l AND 100 RESPECTIVELY TO FACILITATE PROPER liNE S. BOT7LED GAS SUPPLIES AS SPECIFIED ON DRAWING 
LIQUID RETURN ~---., - k~-I~ ~ . , FLUSHING. TO BE PROVIDED BY DUQUESNE LIGHT CO. PRESSURE 

TO VC T RM-79A / ;::': - 2.PAS-312 NOTES (CONT D) 11. PI PING TO SLOPE FOR A GRAVITY FLOW SYSTEM AND IS REGULATORS SHALL BE PURCHASED BY FIELD FROM 

INSTRUMENT 
AIR SUPPLY 

~",.."""....:." ., ( FSI~NNS 13. USE 8!l.RKER ULTRASEAL FITTI NGS PER PEL PG 306 NOTTO EXCEED PANEL DISCHARGE NOZZLE ELEVA TION MATHESON GAS PRODUCTS WITH 550 PSI INTERNAL • 
(H-3) f..QA CATI,SC-2 10 CONNECTrSUCTION Il..DISCHARGE LINES TO REFERENCE DRAWINGS: PRESSURE RELIEVING DEVICES AS FOLLOWS, 

'- 2-PAS-375-36-2 2 PAS-P26i"' NPT PORTS. COMPRESSED AIR PIPING RM-61A PRY 170,171 MODEL 3104-350 
RM-61B 14 It-DENOTESSAFETYRELATEDITEMS. CHEMICALANDVOLUMECONTROLPIPING RM-79A PRV172 .. 3104-590 

(D - 9) 
15. RV150 THRU 154 HAVE J.!' NPTF CONNECTIONS. CL302T CONTMT DEPRESSURIZATION PI PING RM-85A PRY 173,174,175" 3104-580 

COMPRESSION FITTINGs MAY BE USED AS REOUIRED TO CONTMT VACUUM LEAKAGE MONITORING PIPING. RM-88A 
r-------.------..,......--.----r-----~--,-----..,......--r----_r_------..,......----_,-_,_---_,------,-----,--,-----; ACCOMPLISH CONNECTIONS. EACH RELIEF VALVE IS 

MARK .PIPE NTiT VALVE VALVE PIPE QUANTITY VALVE VALVE PIPE VALVE VALVE SUPPLIED WITH (2) PORTS MKD"IN". THE EXTRA"IN" NUCLEAR€:QUIPMENT VENT&DRAIN PIPING RM-89B6.C VALVE 
IDENTIFICATION 

PORTIONS OF THIS DOClJ'IIENT ARE 
NUMBER SlZE I,-"el,.. IDENTIFICATION NUMBER SIZE IDENTIFICATION. NUMBER SIZE QUANTITY IDENTIFICATION NUMBER IZE PORT IS FOR THE TEMPORARY ATTACHMENT OF A PRES- SAMPLE PIPI NG. RM-99A 

SURE GAGE TO FACILITATE ADJUSTMENT OF SET PRES- DEMINERALIZ ED WATER AND CASK WASHDOWN RM-101B 
V22,V23,V24...1" 1" WLIITEY SY"TEM P P NG NOTE 4 2 V5~V56,V5f, 71 Y 4 10 V205,V206 SS-2C-1 2 V901'- 1 SURE. CLOSE PORT WITH A CLASS TNSS THREADED "I I . 

~iv~~~~-t-t"i--~--~~~V~5~~~.------1-~(R6~~3)~-t~~-------t-------------tJ(~N~0~T~E~3~) __ t-~8:-t-____ -1 __________ -1~S~S~-~4~3S~4~~T~U;B1-____ --1 PLUG AFTER RVADJUSTMENT. EMERGENCY EXHAUST VENT SYSTEM FOR RB-85G 

NUCLEAR SAFETY RELATED V1,2 

32 1,332" VCS500-Z-4 1 7 ,,, NUPRO 3" WHITEY 3" 16. PRY 900 TO BE PURCHASED BY THE FIELD FROM CH RG G PUMPS • COMPONENT COO NG PUMPS 
1~:':::::':~~~=-k~N~O~T~E~4_+-~2~f-"':"'_~\163.V64 ..L 2 V306. V307 SS-6NBS-6 2 V902 1 MASONEllAN, MODEL NO. 17-22, 316 STAINLESS A IN co. LI 
+- VOS600-S-4 4 8 SS-44 xF6 8 STEEL BODY, 25-125 PSIG RANGE. NOTES(CONTD) 

• t-~ 

V15,16,17,1S,19,2 NOTE 4 4 6 ~:------Ir~~;:-ll1'~,t~;--t~:~~---r~~~~t~1r"1--:--t--:-----1---1--1--117 NUMBERS IN BOXES, ITHUSI,ARE NUS MARK 12.FITTINGS IN ATMOpSOPHEIRELESAMWPHLEIRNEG RLEINQESIRAERE BTOENBDE 
t-;-;o;;:------t~~:;;'-:;-:;--t--;;;;;_r----hI'V65 1 V125, V126 2 NUMBERS OF VALVES. AVOI DED WHERE SS B . U D, 

VCS500-Z-4 L~-----t;,~~~EL+-~4-1~"":"'--+-':"'::"''''''::'':''''---+~~~~-1--'':2~+--':--1~-----f----+-+---1 RADII S HAL L BE KEPT AS LARGE AS POSS I BLE BUT NOTE 4 1 r 1" lS. SEPTUM INSTALLED AT OPEN END OF VALVE 2PAS-V901. NOT LESS THAN 20 DIAMETERS. 
h;;:;a:-----tv;f,jj;;:f,d::;tt-7T--:,-1v:31C V311 1" 2 V27 4 1 

(NOTE 3) 

1" 
2 4 

9 V28 

V302, V303, 3" 

1" 
8 1 

1" 
FINALIZED FLUID SYSTEM 

THE INFORMATION ON THIS ORAWING MM NOT BE 

COPIEO OR USED FOR OTHER THAN THE CONSTRUCTION, 

MAINTENANCE OR REPAIR OF THE PLANT FACILITY 
APPROVED _ ...... t2"". ~ .... :.t1,""-r.J. __ ) P ....... (':...t'"V"-,,,J.-,,' ... "' ___ :-=-::: 

"£GISTE~'EO PROFtllKJNAI. ENGINEUI NO, pR.2.''',,·,':' 
COMMONWEAL TH Of Pf.NNSYL~"NIA 

7 8 4 V25 '4 1 DESCRIBED IN THE TITLE BLOCK. 

0. M. FIGURE 45D-14 
W EC 7· DUQUESNE LIGHT COMPANY F 

® .® ® 
MICH 

@ 'Ci) 
ARCH CONe STEEL.. INST HGR. STAESS B 5 ElEe. l TG. MATl. SWEC DWG. 

.. 
~o 



1 

2 

3 

-0 

--=1 

• 
-2 

-'" 
5 

--=5 

-
-7 

6 

-8 

-
-9 

7 

--~ 

--=11 

8 

• 

• z 
o -• 

No. 10080-R -99F 

2-SSR-375 -35-2 

RM-75A 
(C-8) 

2-SSR-375-34-2 

RM-75 A 
C-5) 

2-S SR -500 ..g18-2 

RM-75A 
(C-2 ) 

2-SSR~375-37 -2 

M-75A 
( E-7) 

2-SSR-375-39-2 

2-SSR-375-40-2 

R~E?llA 

FC 

FC 

2-SSR-375-41-4 

2-SSR -375-32 8-4 

2-S SR -375-42-2 

2-SSR-375-43-2 

2-SSR-375-44.2 
113 

2-SS R-375 -40-2, 

• 
3 11 3 1

• 

2jX 8 RED 
(TYP) 

2-SSR-375-917- 2 

c o E G 

INSIDE REACT CONT 

DELAY COIL 
NOTE 7 
(Typ FOR 2) 

r 2-SSR-375-215-2 

2-SSR-750-958-2 

2-SS R-375-36-2 

II II 

-1X~RED. 
(TYP) 

*V335 

2-SSR-375-357-2 

2-SSR-375-358-2 

2-SSR-375-359-2 

PRESSURIZER RELIEF 
TANK GAS 

2-SSR-375-215-2 
PRIMARY COOLANT COLD LEG SAMPLE 

.--2-SSR-375-218-2 
PRIMARY COOLANT HOT LEG SAMPL E 

,.f',;5SR-750.931-2 
.fX2REWYP)--...... 

*V125 
LM D 

( TYP) 

PRIMARY DRAIN TRANSFER TANJ AOV , 
2 DGS - TK21 119A 

2-SSR-375-300-4 

2-SSR-375-919-4 

PRY 
111 

SOY 
141 RM-89A 

( H-5) 
FC 

2-SSR-375-301-4 

2-S SR-375 -307-4 

2-SSR-375-306-4 2-SSR-375-920-4 

*,AOV 

2-SS R-375-304-4 

B 

2-SSR-375-219 -4 

PRY 
110 

FC 

2-SSR-375-305-4 -----I-"""T---1 
2-SSR-375-327 -4 

2-SSR-3 75-921- 4 

PRESSUR IZER L1Q SP SAMPLE 108 

2- SS R-375-220-2 
FC 

-SET PRESS 
2440 PSIG 

2-SSR-750-932- 2 

Q A C'<'< T.I ASME ill 
SC:-2 SC-2 

-~-roo' ,-,,,,RV SET iPRESS 
131 2440 P SIG , 

"" \.... 2-SSR-750--:;35-2 
~ "'-2-5SR-750-'J62-2 

~v11 

* V125 ~Q:-:A::-,C;;.A.::..J::.1 +I-..:A;:.-So::M~E=m=. 
SC-2 SC-2 

NNS· "SC-2 
V127 

OA1' 

~~" 

*~ o 2-SSR-375-221-2(c) 

'* AOV 
PRESSURIZER VAPOR SPACE SAMPLE 110 

2-SSR·750·959-2 ~FC 
2-SSR-375 -222-2 

FC 

2SSR-375 -326-4 

RESIDUAL HEAT REMOVAL 
A INLET 

2-SS R-375-78-2 2-SSR-375-922-4 ---,;>==-ll ""'+""'"+""'-'-" 

2-SS R-750-329-4 r~~Kl>.p...L~~""':<f~62:;:'~~~ 

1 " ~-"2 SCH_ 40S 
,RIESII)UtIL HEAT REMOVAL 

A OUTLET 2-S SR-375-3«c>-;~~ 

2-SS R-750-934-2 (Z-) 

*V128 

*RV SET PRESS 
I-r-{~ 132 2440 PSIG 

I 
2-SSR-750-933'2 

I 

2-SSR-500-960-2 

tAOIA 
12Al 

ZO 

. " :fXiRED 
(TYP) 

>----...L..--t!4r--<t:> ::>-__ ......1.~4R- 3 75-79-2 
L--'-'=...:::!..L.""'/ 

CONT. SUMP SAMPLE PUMP 
2PAS - P21 

2-SSR-500-207-2-J 

*V129 

\ 

H J 

OUTSIDE REACT CONT BY S&'W 

TO ATM 
(TYP) 

SET PRESS 
2485 PSIG 

" ~ FLEX HOSE 
( TYP) ~x fRED(TYP) 

2-SSR-375- 49-4 
I.Q~~ ___ ~ )::.......-L-___ -:::-= __ ,--__ +~,RM-99A 

, 1" 3!' (J-l ) 
2-SSR-750-924-2( Z-) 2X~ RED. 
2-SSR-750-923 -2 (Z-) (T (~D 

2-5SR-500-901-2(Z-) A;~~ill.l. NNS (TYP) 

SET PRESS 
2485 PSIG 2-SSR-375-.941-2 (2-) 

*~ 

2-PAS-375-001- 4 

~~_......,;;,;R M-99 
~ (A-3) 

~. 
S 

"O-.L...[,,"-[""~~~ TC __ --,..-'-_-I)I(]~2_-5_S_R_-_37_5,...--3-22---4-.f_.:,.RM-99A 
, ( I - 1 ) 

2-SSR-75 -942-2 (2-) FC 
I 2-SSR.;375-50-4 

2-SSR-750-940 -2(Z-) 
2-SSR-500-902-2 (Z-) I 

ASMEID . .. 

SET PRESS 
2485PSIG 

SET PRESS 
2485 PSIG 

SC-2 INNS 

ASMEm 

SC-2 NNS 

2-PAS-375-007-4 

Q 
\126) 

2-SSR-375-324-4 

V147 
~----~-L-i~----~L--i~~-,~~~~~Rr-6l9B 

FC FC 
2-SSR-375-18-4 

, r2-SSR-750-925-2(Z-) 
...... '" ,*~AS]v1Ern 

I ~~ SC-.< ~INS 

2-SSR-375-52-4 

. 2·SSR-750-926-2(Z-) 

....:o:::--2-SSR-500-904-2 (Z-) 

NNS 

2-SSR -375-53-4 
~~~~ ____ ~~J----~----------~------~~~RM-99A 

(H-, ) 
2-S SR-750-929-2( Z-) 
2-SSR-750-930-2( Z-) V136 

SET PRESS ~~2(,~-l) 600 PSIG 'f-
-- 2-SSR-50C-905-2(Z-) 

2-5SR·75J·9,9-2( Z-) 
II 

*' 

K L 

VALVE 
MARK NUMBER PIPE 

PUANTITY IDENTIFICATION SIZE 

V68,69 VBS015.-B-4 1" 2 
V54 VBS015 B 4 414 ' 1 
V333,334,335,336. VCS150-X -2 1:' 

7 337.338.339 2 

V130,131 VSS400-S-2 1 " 
2 

(SEE NOTE 10) 2 

V127, 134,137,138 VSS 400-S- 4 1'1 
4 

(SEE NOTE 11) 2 

V144.145.146 125 VOS600-S-2 1 " 1 1 i~~'~{~'V3~ 132, 
-(SEE NOTE g) 2 

V147 VOS500-S-4 Vi' 1 
V151.152 (SEE NOTE 11) 1/4" 2 
V 139,140,141 ~d' 3 
V150 VBS015- B-4 1/2" 1 
V900,902 VOS060-W-4 3~" 2 
V901 VGS060-V 4 1.:1/4" 1 
V85 VCS050-A-4 11/2" 1 
V87 VCS060-G-2 11/2' 1 
V921 VGS015 -A- 4 1 " 1 

"2 

NOTES: 

1. ALL PIPING TO BE CL-TNSS EXCEPT AS NOTED. 

2. THE CONTROL EQUIPMENT MARK NUMBERS SHALL 
INCLUDE A PREFIX WHICH IS IDENTICAL TO THE 
SYSTEM CODE PREFIX FOR THE ASSOC IATED 
EQUIPMENT OR PIP E UN L ESS OT HERWISE NOTED. 
EXAMPLE: 2SSR-PRVll1 

3 FC INDICATES FAIL CLOSED. 
4. STEAM GENERATOR SAMPLE LINES INSIDE REACTOR 

CONTAINMENT SHALL BE SH IELDED FROM MISSILES. 

5. THE SYMBOL,#,DENOTES THE LIMITS OF EQU IPMENT 
FURNISHED BY THE SAMPL E PANEL MANUFACTURER} 
WATERS EQUIPMENT CO. 

1 

2 

3 

6. THIS SYSTEM WILL BE MAINTAINED TO CLEANNESS LE,nl 
·B"IN ACCORDANCE WITH 2BVM-62 

7. DELAY COILS INSIDE CONTArNMENT TO BE CONSTRUCTED 
OF 100 FT OF i' TUBING AND LOCATED INSIDE OF 
SHIELDED AREAS. • 

8. THESE VALVES WERE PURCHASED BY POWER UNDER 
PURCHASE ORDER 2BV-78 AND WILL BE INSTALLED 
BY INSTRUMENTATION . 

9.VALVES SHALL BE PURCHASED ON 2BV-673 
10· VALVES SHALL BE PURCHASED ON 2BV-'679 

11 . VALVES SHALL BE PURC HASED BY THE FI ELD 

12 WHEN CLOSED, SOVl29A2 WILL BE EXPOSED TO 
A BACK PRESSURE OF 2300 PSI (RCS SAMPLE)_ TO 

AVOID OPENING .VALVE SHALL BE INSTALLED SO 
THAT THE FLOW ARROW ON THE VALVE BODY POINTS 

IN THE OPPOSITE DIRECTION OF NORMAL FLOW. 

13. * DENOTES SAFETY RELATED ITEMS· 5 

14. LINE NUMBER(S)(SEE BELOW) CONTAIN(S) (A) SCH 
(SEE BELOW) SPOOL PIECE(S) SEE ISOMETRIC(S) 
FOR DETAIL(S). 

f;; LINE NO 
~SSR-500-360-4 

SCH ADDED I 
40S 

2.S SR-500-943·2 ( 7_ ,~_ 

15. METHOD OF CLOSURE FOR LOCAL VENTS,DRAINS,TEST 
CONNECTIONS & CHEMICAL CLEANING CONNECTIONS 
SHALL.. BE AS SHOWN. REFER TO 2BVM-211 FOR 
ADDITIONAL DETAILS. 

2-SSR-375"156,-c, 

38 

RESIDUAL HEAT REMOVAL 
B INLET 

2 -SSR -375-15,8-2!---..J 

2~Br=>----L-~~-,~ RESIDUAL HEAT REMOVAL 

2-SS R-375 -46-2 
BOUTLET 

'----;2-SSR-375-159-2 
SAFETY INJECTION ACCUMUL ATOR (A) 

2-SSR-375-80-2 
RM-87B 

(E - 9) 

RM-878 
(J -8) 

FC 

2-SSR-375-47-2 
FC 

*AOV 
115C 

2-SSR-750 -111-4 
CL-152) 

D V901 

FC 

V V902 

2SSR-RK21 

SAFETY INJECTION ACCUMULATOR (B) 
2-SSR-375-81-2 

SAFETY INJECTION ACCUMULATOR (C) 
2-SSR-375-82-2 

2-SSR-500-9 52- 4 

(Cl:152) 

V V900 

V54 

2-SSR-500-350- 4 1- ----- -- -I N6~(-i~2) 

~ 1 V150 

~ 

! 
11 1 " 
lX'2 RED 

(TYP) 
RM-99A 
A-l 

[ 

[ 

[ 

'-~~~0~r-~~H~,xr--~~--~~~~~9rA 
I V69 

1" , 
D [ 12'Xl RED. 

L ___ _ __ .J 
BY5&W BY **' 

87 

2 -SSR-375-208-2 
i'i"RED_--:::;g~J:t.rl SET PRESS 

2.SSR-750..g63-2 ......... / 600 PS IG 
:;' ATM (TYP) 
4' SSR-75Q-938-2 

2-SSR·500-94"1-2 

2-SSR-750-961-2 

l~Xi'RED --...., 
2-SSR-750-936-2-, 

2-SSR-750·937-2 ~..a;.JGV\ 
l'~l"RED. ------:tz . 'eJ 

"2 lIE V131 SET PRESS 
G85PSIG 

QACAT.I 
SC-2 

ASMEill 
SC-2 

2-SSR-750- 65-2 (A-) 
NOTE4 (TYP) 

ill 

ix ~'RED.(TYP) 
2-S SR-750-76--2( B-) 

FROM STEAM RM-l00A 
GENE RA TO R S L...-,(,-,C:....-",,5 )!...-/ 

(TYP) 

2-SSR-750-71-2 (C-) 

SET PRESS 
700 PSIG 

2-SSR-375-60-4 

I 
2-SSR-750-g27-2 (Z-) 

~-- 2-SSR-500-907-2(Z-) 

ASMEm I 

I ' 311 
Xa RED. 

2 (TYP) 

I 
I 

16. ELBOWS IN GASEOUS SAMPLING LINES AREID BE AVOIDED 
WHERE POSSIBLE.WHERE REQUIRED,ELBOW BENDRADII 
SHALL BE KEPT 4.S LARGE AS POSSIBLE BU T NOT 
LESS THAN 20 DIAMETERS TUBE BORE. 

6 

REFERENCE DRAWINGS 
REACTOR COOLANT PIPING SH-l &2 
RESIDUAL HEAT REMCNAL PIPING 
SAFETY INJECTION PIPING SH-2 
NUCLEAR EaPT VENT&DRAIN PIPING SH-l 
SAMPLE PIPING SH-l&2 
POST ACCIDENT SAMPLE PIPING SH-5 
STEAM GENERATOR BLOWDOWN PIPI NG SH-l 
DEMINERALIZED WTR&CASK WASHDOWN 
SYSTEM SH-2 

RM-75A&B 
RM-76A 
RM-87B 
RM-89A 
RM-99A&B 
RM-99E 
RM-l00A 

RM-l01B 

• t-H 

2-SSR-500",13-2( B-) 
T 

2-SS R-6 00-214-2 (C-) 
T 

STEAM GENERATOR'--~ 
(B) SAMPLE 

2-SS R-75 0-167-4 

STEAM GENERATOR 
(C) SAMPLE 

2-S S R-75Q-166-4 

V140 

M -99A 

V141 

PORTIONS OF THIS DOClJI1ENT ARE 

NUCLEAR SAFETY RELATED 

THE INFORMATION ON THIS DRAWING MAY NOT BE 
COPIED DR USED FOR OTHER THAN THE CONSTRUCTION, 

MAINTENANCE DR REPAIR DF THE PLANT FACILITY 
DESCRIBED IN THE TITLE BLOCK. 

DUQUESNE LIGHT COMPANY 
ENGINEERING .. CONSTRUCTION PITTSBURGH. PII. 

APPRDVED_..::$.-""' ....... "''''---;~9-''~'''''''LlIC-OO:';;'--__ --:=~ 
REGISTEREO PROFESSIONAL ENGINtER NO. 0321«'-£ 

COMMONWEALTH OF P'(N,.,.SYlV.I,NIA 

'" ~O 
~ 0 
~ . 
, . 

• u -~ 
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® 

I~ 
@ 

--+-r--I 7 

No.10080-RM-IOOA 'I' 'I' I 1 I I 1 ' I 1 I 

A 8 c o E F 

TO'O_ 

I . 1 I .,. I . I I , I I I I I' I I I ItO I 1 I t't I 1 I 1'2 

"f. G MIA~" ,,~, 3~2~~~ ON·~s:g ""'''~'1.ru~0~1:;;:;-:@0~· ~~@;:rf/sSi:Lu~o(j(i:,~~~~R·~. ~:~~:,~::::1AJ_:A-:::~'I ----KK...I----~I:-=-=.:.,.::;::;~~l.;-=-=;:.-=-=~.:'_:;:;:-=..:-=-=~"'"T-, 
2.eDG-016·247'~ •• v·FROM~LLI6-0· ~ "~l~~ ~. (C·?) ~. VALVE MARK PIPE 

.n A---J. ,i V411 ':>t-~ ~ \ ,..; RM· 42A /' IDEN TIFI~"JION NUMBER SIZE QUANTITY I---r--l 
45' - ~j I' SET PRESSUR I::; Dt,I' ~~ VJ . . - ~ -"'" :,:;;:::; TO SB:OND PT HT RS . - '-'"' 

2·BDG-012-2·52-4.1 250 !,..,SIG A ~..;. ~21 '~~;. t~ V952 Wavv015-AL-4 

1\11 2-BDG·012-253·4 IC,lIlU \;: "Y --" / '- 2·BDG·OO8·75-4 ! ".!:o24 (C'G) ~ . ::~.-~·_~J:0!: ~OS150-X- 2 

3' 

3" 
'4 

(TV,:) llT.LJ -c LV475 ~ RM- 42A V436,437.4 

, 2-BDG·006-7 C~·4.? 00,..."44.4) ;;'!r'" '-:V'" , ;V \LZ-BDG-006·95- 4 
_1:30 '" c . ., V11,409,411,456, -*' 

;:; 1- if r-i ~6YSLO ~vl1 ,,-~~~ 900,915,916 VOS060-C-~ 
\ 

Ll:601 ~ [-J ;_()000ACLA 
(TyP)~ I t II _'> r::>nr... A'7" 

~ ~ MINIMIZE ulSiANCE "(",ntlll'" '\ ~,_"n'" 'v'3 II' ~'t.~':t .,..... V456A60,461,433, 

Y'p, 2·BDG-004-34- I '''2-BDG-008-25?-4 ,''';;'' C1 0,('(,)1 ,!.!9 917918920921 - -
" - M". 922,923,924,925 

;t' 
4 8

:;: E~5 ~~'_Qnl ,~~/-/ 'v .. " ",. \; "- "CL~301 . ./. -.Ji'r,-<:, 435908,909,910. 
• I / !~~ 9 ;-.::: 911,912,913,914, VOS150 F 4 

. ZBD9·,50·227·4 i : 10 , If-i.., .. 
2.BDG-15Q-230'4 '-'lr I P~ESS I '-~CL 301 "" .~o -v439 V2931,33 VOSOOO-CZ-2 I" 

'" (TYP) 2-BDG'004'41-47 600PSIG ~ V3,6,5G,57 ""506O-B-4 2" 

1 

( 6) 
"- . 

7 

20 

3 
4 
6 

---------::;:::==-=:::::--------~ 

3"XlfREQ./ 7- ""47,,,, BDG'008-258-4 ,,., ~~ \.521 V30,32,34,72, !VGSOGO-BZ-2 2" 

(TYP) '{,4?1 rHcV\ 10- ? _~~ ~~. ,,: II , ~ (J \@3 7374 
~ ? .. n;::;;,~u :"':-4~ I STEAM GENERATOR """I' V 75,76,?7, 78,79, 

2-BDG-002-18-2 (A-) --.1 

NORMAL WATER 
LEVEL (TYP)----..." 

2RCS*SG2IA 
(A') 

STEAM 
GENERATOR 

IW74 (A-) 

2~ X z"RED. I (1:1502 
(TYP) CL-SOI Ie":.{'\? 

""-

2RCS*SG2IB 
(eo) 

STEAM 
GENERATOR 

STEAM 
GENERATOR 

~. 

~ ~TE\ 
101 A1 101 A2 

(AO)..< API 

v ! NOTE 13 
"X V"l36(A-) 

~ 

i'-, 

:::.' t~ ~ T' 

,~ ,:> 

SC-2 

IS 
1I 

2-"~~ .P~ :.. 0 
.... "'... -~/~ ,i2-BIDG-(>03'i¥I9:~ 

• "",. .,J ... ..... 

2-BOG-750-l02-2(A-l i3X 2~RED.(T'(P) 

.. ---'-' .... w \ V921 \191(-
CABLE VAULT) ~ ___ :~~U ______ _ 

~ , NOTE 10 ~,~ 
/ ~.",,~ ... ~ '~ ... 'f'.! ~~ ~ 

V452J t--.~~.-BOG-OOI-1I7-'! ,~_v.~ ~ ~).!,ro'A' '04,9. : 
HS ~ii -0) Y , 

~ 

'"~ 

,ft"~ "'''' .~~.. i. in G) ~ :r:. 

-/*T£" /*T'0 
(101 C1 101 C2) 

rl.gnl (CO) '.(CPJ/ 

\'----\-'-NOTE 13 

... 
t 

SET PRESS. 
1660 PSIG 

, 
r 

TO 3" 

~ DF:AIN V"4 
SE T ,'0 L ~ -fcfL;30J PRESS. f,.. .. I.., 

1650 PS IG ~ .... ... C[:901 
J TO D ''-V7S 

V913 T G-'\ ORA~7}~ ri tL•C. 

2·BDG-150-231-4..../.l.,l. '-"' ....... /, BLOW DOWN TANK ~ J 80 
I-' ~ nDG-003-222-4 " ./n , 2 BDG -T K 21 ,,; 

VGV.090·B-4 G 

\~ 

'{4?2 !;:",K?0:'" IUW' 2500 GAL 'V ~lT'~'\ 
f.-2-BDG-OD3-223-4 • "( \ L:.. 02) 

~ ~~~ ,~~ ~~. 4X '2 RED. y 

r--~;'7"'" (TYP) ~'N ~~ ,/"442 
V"l f ~ c:::> 

V612 7 ~ • 1 \~ V613.l1 .~ b ,I \'----CL-301 lTYP) 

rf' E' ( F I \ 2- BOG-OO 6-259- 4f7 >r~ ~OOC)-1"'~ ... -\100q __ ~ 
~ WI"I n LINE ot-" 

-2-BDG-003-?24-4 ,-v <+03 .:.. 

1- / V6- " .. :301 
L,-: 

" " 6X 2;' ---

tCL-301 
I" • 

2ZX 2" 
\ 

~ ,'>'" l.fl-'VlI f -,"2 ...--~.... -" ."... ~ 
, ... 

, ~- / 
L-'2-EIDG'-OO'2-4',n9-4~ 

~ ~'Ef~' ~~ 4 
~C~ ,~Q~~-7i 

'" I g,' :"9 v 'f /; 
.. iI N 7 

;2 FWS-H24B 

• . -./F.<: f; "':. 
1.~~~~~ 6X3 4TH PT HTR 

(TY p' RED, 2 -BOG -010-112 - 4 I ~UI (l:1532-BDG-003-245-4 

~~; H 

~~ S. ~ ~ r:" BDG-003'256-4 
Cl .., ;.; E NOTE:3 

~ Cfl , \ lJ, ".~, f\ 2 FWS-H2<1A 
II ~ : " "''-r--,I v ... '" ,. 

V927 .\ I.. IN? 

,j, 

I F.C: ~''l("" ILRE'i5' !4TH PT HTR 

i ("-'f)1 . l-I 'i~ 2- BDG·010-1I1-4 

~~. 
2-BDG-( - ... 

V929 

• • 
6 X 4 RED. (1:301 Ci-I"'3 

1Z'X8fl RF'D_"", ;3' Il TO DRAIN 
j 4 /I "/ ;f;) , fRV ....... '\-·" "~ .. ".,.~' PRESSURE 

, 'V (I t::.. -".. ~ 04) ,~~ PSIG 

35B ;D SiT . ""~ .----
-v" -. 4 T>- V,---.-V' S LO 

NOTE 12. 
(TV P) 

I--C" L-301 

1--2-BDG-008-113- 4 

,,~V ':!. LTO L~o".. 
CONDENSER DRAIN eX4 RED. 

2CNM-CND2IA CL-3021cL--301 

-
(J-4) 

CL-302 ... 
CL'60 I ... 

FROM COMPONENT 
COOLING WATER '-I~R-,S-,II-----L.--</ RM-77G <: 

v 1" LOCAL ( W\ SET PRESSURE 
DISCH--< ... ~ 250 PSIG 

2eDG-E21 
BLOWDOWN TANK 
DRAI N COOLER 

2-8DG-008-114-4 

15. LINE NUMBER(S) (SEE BELOW) ODNTAIN(S) 
(AJ SCH (SEE BELOW) SPOOL PIECE(S). 
SEE PIPING DWGS FOR DETAILS. 

LINE NOS SCH ADDED 
2-BDG-00 3-223·4 XXS 

6 

1V2G 27. 28· VGW150-CL-2 217?'l" 3 
V927, 928 VGW03O-A-4-C 4" 2 
421.422 VGWOI5-X-4 6" 2 
423.424 425 VGW030-A-4 6' 3 

V426 VGWOI5~L'4 S' 
V42? VGWo:D-X1:4 8" 1 
V446.475 VGW030-AI=-4 8" 2 

J-:-f,/4..:.,:52:::.:...A...,:5..:,3.:...A..:,5_4 --t-:~...::I(-=-S ,..:.5.:.0-...,:C.:....4~--,-,· I'~' +-_'':'''~ _--I :3 1---1--1 
f,/455 VCSI50-C-4 11/2 I 

V946 VCW030-A-4 ,4 1 

V468,469,470 VCWI50-C-3 3" :3 
I-'V"':'40~3)-4-0-'-4-,4':"'0-5+VG---SO---60--B-·44--, .. --I--8~---II.- ® 
406,439A40) 
457,458 

V4,5.12,410, VGS060·B·4 ,3," 
1441,442,447,926 if 8 

V471,472.473 VGW060-A-~ 3" 3 

NOTES: 
I •. THE CONTROL EQUIPMENT NUMBER SHALL 

INCLUDE A PREFIX WHtCH IS IDENTICAL TO 
THE SYSTEM CODE PREFIX FOR THE 
ASSOCIATED EQUIPMENT OR PIPELINE UNLESS 
OTHERWISE NOTED EXAMPLE 2BDG-FISIOO. 

2.THIS SYSTEM WILLBE MAINTAINED TO A 
CLEANNESS LEVEL"C'IN ACCORDANCf 
WITH 2BVM'62 5 

3.10"XS" REDUCERS ARE TO BE INSTALLED AT 
LEAST 6',0" UP STREAM OF THE HEATER 
NOZZLE INLET. 

4.CL-1502 LINES ARE FOR EROSION CONTROL 
ONLY. 

5.INSTRUME:NT ROOT CONNECTION~!. VENTS 
. AN,] DRAINS ARE .3."UNLESS OTI'1ERWISE 
NOTED. If 

6. METHOD OF CLOSURE FOR LOCAL VENTS, 
DRAINS, TE5T CONNECTIONS AND CHEM'C,AL i 
CLEANING CONNECTIONS SHAll., BE AS SHOWN. I 
REFER TO 2BVM-211 FOR AODITIOI~Al 
DETAILS. (; 

7. V436,437,438 TO SERVE AS HIG!~ POINT ~-I 
VENTS FOR LI NES 2-80G·02'5·9-2.10-2 5.11':'. I@ -8. ANTI-CAVITATION PLATE 2BDG-ACP 1018 TO 
BE BUT'; WELOF.O TO THE 2" E ND Or THE 
ix ,. REDUCER AT LCV-IOI B ~N LINE NUMBER 

-~-I 
2·SGC-002-Z-4. 

9. LINE 2·BDG-150-107-4 MUST 'BE ROUTED 
THROUGH THE TOP FLOOR OF THE SERVICE 
BLDG. 

10. 

12. FOR Vt>J...VE STElvI LEAK OFF CONNECTIONS (VSLO) 
SEE DRAWING RM-73A 

13. _TE 101 A1,A2,B1,B2,C1 &C2 ARE AREA MONITORS 
TO DETECT HIGH ENERGY LlNE BREAKS IN THE' -, 
IVS::V AREA,DOWNSTRENvi OF..eoV101 A'2.B2 & C 2 I 

14 . .,. DENOTES SAFETY RELATED ITEMS 

REFERENCE DRAWINGS 
STEAM GENERATOR BLOW DOWN 
SAlv1PLE PI PING 
GASEOUS NITROGEN 
EXTRACTION STEAM 
FEEDWATER PIPING 
COMPONENT COOLING PIPING 
FEEDWATER HEATER VENT PIPING 
VALVE SHM LEAKOFF 

RM-100B 
RM-99A 
RM-71 B 
RM-42A 
RM 0 4SA 
RM-77G 
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3.3  WIND AND TORNADO LOADINGS 
 
3.3.1  Wind Loadings 
 
3.3.1.1  Design Wind Velocity 
 
An 80-mph fastest mile wind speed, at an assumed elevation of 30 feet, 
is used as the design wind velocity to determine wind loadings on 
Seismic Category I structures, in accordance with Section 2.3. 
 
This basic wind speed has a 100-year mean recurrence interval. 
 
3.3.1.1.1  Basis for Wind Velocity Selection 
 
The basic wind speed of 80 mph corresponds to the expected fastest 
mile of sustained wind for a 100-year mean recurrence interval in the 
general area of the Beaver Valley Power Station (BVPS), (Section 2.3).  
As noted in Section 2.3, the wind velocity design values are 
conservative due to the sheltered location of the site.  Additional 
meteorological data are presented in Section 2.3. 
 
3.3.1.1.2  Vertical Velocity Distribution and Gust Factor 
 
The vertical velocity distribution and effect of gust factors are in 
accordance with ASCE Paper No. 3269.  The gust factors are included in 
the determination of gust velocity pressures. 
 
3.3.1.2  Determination of Applied Forces 
 
The resultant design wind pressures (W) applied to Seismic Category I 
structures are determined in the following manner: 
 
 V30 = Fastest mile wind at 30 feet above ground (mph) 
 
 Vz = Fastest mile wind at Z feet above ground (mph) (from 
   ASCE Paper No. 3269, Table 1 for inland areas) 
 
 f = Gust factor dependent upon building width 
   (Table 3.3-1) 
 
 Vg = Gust velocity (mph) (used for design), Vg = fVz 
 
 qz = Dynamic pressure at Z feet above ground (psf), 

   qz = 0.00256 Vz
2
 

 
 K = Gust coefficient dependent upon building width, 
   K = f

2
 (Table 3.3-1) 

 
 qg = Gust dynamic pressure, (psf) 

   qg= 0.00256 (fVz)
2
 =Kqz 
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 Cd = Structure shape factor, Cd = 1.3 for 
   rectangular buildings 
 
 Po = Normal wind loading on rectangular buildings, 

   (psf),Po = Cdqz 
 
 Pw = Design normal wind loading on rectangular 
   buildings (psf), 
   Pw = Cdqg = CdKqz = KPo 
 
Based on the preceding, the design normal wind loading (Pw) for 
rectangular buildings is as presented in Table 3.3-2. 
 
Where wind pressures on other than typical building walls are 
considered, the design normal wind loading is adjusted for the 
appropriate shape or drag factor (ASCE Paper No. 3269). 
 
Design wind pressures are combined with dead and live loads and other 
loadings related to the structure, as presented in Section 3.8.4.  
Wind and earthquake loadings are not considered to apply at the same 
time.  Structures designed for tornadoes are not checked for maximum 
normal wind pressures, as the tornado design causes maximum stress 
conditions. 
 
3.3.2  Tornado Loadings 
 
3.3.2.1  Applicable Design Parameters 
 
The probability of tornado occurrence and the associated recurrence 
interval at the site is determined in Section 2.3.1.2.  Tornado 
loading is not considered to be coincident with earthquake or design 
basis accident loadings.  The following are the maximum tornado design 
parameters: 
 

1. Maximum wind speed    360 mph 
 
2. Rotational wind speed    290 mph 
 
3. Translational speed    70 mph 
 
4. Damage path diameter    1,000 feet 
 
5. Pressure drop     3 psi 
 
6. Average rate of pressure drop  3 psi in 
         3 seconds 

 
The maximum wind speed is the sum of the rotational speed component 
(290 mph at 30 feet above grade) and the tornado translation (70 mph).  
The pressure drop of 3 psi takes place over a 3 second interval.  The 
rate of pressure drop is not constant.  The maximum rate of pressure 
drop is 2 psi per second.  The damage path diameter 
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of 1,000 feet corresponds to a radius of maximum rotational speed of 
150 feet.  With these parameters, the site tornado model is consistent 
with the Region I model specified in Regulatory Guide 1.76, Design 
Basis Tornado for Nuclear Power Plants (USNRC 1974). 
 
3.3.2.2  Determination of Loadings on Structures 
 
Total tornado loads (Wt) generated by the design tornado specified for 

the site include loads due to tornado wind pressure (Ww), 

tornado-created differential pressure (Wp), and tornado-generated 

missiles (Wm). 
 
Pressures and loads are determined in the manner described in the 
following subsections. 
 
3.3.2.2.1  Wind Loads 
 
The tornado wind pressure for the tornado model is determined by the 
formula: 
 
 P = 0.00256 V

2
 

 
where: 
 
 P = Tornado wind pressure (in psf) 
 
 V = maximum tornado velocity (in mph) 
 
The tornado wind pressure is assumed constant with height.  This 
pressure is multiplied by applicable shape factors and drag 
coefficients (ASCE Date; Singell 1958) to provide the tornado design 
pressure (Pw) which is applied to the exposed surfaces of the 
structure. 
 
The tornado wind pressure load (Ww) is the area integral of the tornado 

design pressure (Pw) acting over the exposed surface of the structure 
or component. 
 
3.3.2.2.2  Differential Pressure Loads 
 
A tornado-generated differential pressure drop of 3 psi is used in the 
design of tornado-resistant structures. 
 
The differential pressure load (Wp) is the area integral of the 
tornado-generated pressure load acting on the structure or component. 
 
3.3.2.2.3  Tornado-Generated Missile Loads 
 
The structural response to tornado-generated missile loads (Wm) is 
determined as described in Section 3.5. 
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3.3.2.2.4  Total Tornado Design Loads 
 
Seismic Category I structures are designed to withstand tornado load 
combinations as follows: 
 

1. Wt = Ww 
 
2. Wt = Wp 
 
3. Wt = Wm 
 
4. Wt = Ww + 0.5 Wp 
 
5. Wt = Ww + Wm 
 
6. Wt = Ww + 0.5Wp + Wm 

 
where: 
 
 Wt = Total tornado load 
 
 Ww = Tornado wind load 
 
 Wp = Tornado differential pressure load 
 
 Wm = Tornado missile load 
 
For each particular structure, or portion thereof, the most adverse of 
the above combinations are used, as appropriate. 
 
3.3.2.3 Effect of Failure of Structures of Components Not Designed for 

Tornado Loads 
 
Seismic Category I structures are listed in Section 3.2 and are 
designed to withstand tornado-induced loads, where required, to ensure 
the integrity of safety-related systems.  The design of all other 
structures allows a partial or complete structural failure under 
tornado conditions when safety-related structures, systems, or 
components are not endangered. 
 
3.3.3  References for Section 3.3 
 
American Society of Civil Engineers (ASCE).  Wind Forces on 
Structures.  Transactions, Paper No. 3269. 
 
Singell, T.W. Forces on Enclosed Structures.  ASCE Journal of the 
Structural Division, July 1958. 
 
U.S. Nuclear Regulatory Commission (USNRC), Design Basis Tornado for 
Nuclear Power Plants.  Regulatory Guide 1.76, Washington, D.C., 1974. 
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TABLE 3.3-1 
 

GUST FACTORS AND COEFFICIENTS
(*)
 

 
 

Width of 
Structure (ft) 

Gust Factor 
    (f)     

Gust Coefficient 
       (K)       

   
0-50 1.3 1.7 

 
51-100 1.2 1.4 

 
101-150 1.1 1.2 

 
Greater than 150 1.0 1.0 

 
 
 

NOTE: 
 
*Based on: American Society of Civil Engineers.  Wind Forces on 
 Structures.  Transactions, Paper No. 3269. 
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TABLE 3.3-2 
 

DESIGN NORMAL WIND LOADINGS FOR RECTANGULAR BUILDINGS
(*)

 (PW) 
 

DESIGN WIND VELOCITY PRESSURE (PSF) 
 
 

Elevation 
Above Grade 

  
Width of Structure(ft) 

   (ft)      0-50 51-100 101-150 >150
   
  0-50  36.2 29.8  25.6 21.3

 51-150  51.1 42.0  36.0 30.0

151-400  68.5 56.4  48.3 40.3

 
 
 
NOTE: 
 
*Based on procedure outlined in: American Society of Civil Engineers.  
 Wind Forces on Structures.  Transactions, Paper No. 3269. 
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3.4  WATER LEVEL (FLOOD) DESIGN 
 
The plant finished grade (el 730 feet 4 inches to 735 feet mean sea 
level (msl)) is equal to or above the maximum external flood level 
calculated for the site.  Refer to Section 2.4.2.2 for discussion of 
Flood Design Considerations.  The determination of the probable 
maximum flood (PMF) originating external to plant structures (Section 
2.4.3) is in compliance with Regulatory Guide 1.59, Revision 2, issued 
August 1977.  Groundwater levels are described in Section 2.4.13.  
Buoyancy and static water force design for Seismic Category I 
structures is based on the PMF level of 730 feet msl.  Flood 
protection for the site is in compliance with Regulatory Guide 1.102, 
Revision 1, issued September 1976. 
 
The site and plant drainage system is designed to mitigate the effects 
of local intense precipitation (Section 2.4.2.3). 
 
Internal flooding due to postulated piping system failures has been 
considered in the internal design and arrangement of structures 
containing safety-related components.  Section 3.6B.1 describes the 
postulated piping failures and Section 3.6B.1.3.4 describes the 
environmental effects, including flooding, of these failures. 
 
3.4.1  Flood Protection 
 
Safety-related systems and components are protected from external 
floods by locating them in Seismic Category I buildings described in 
Sections 3.8.1.1 and 3.8.4.1. 
 
Access to these structures is located above grade.  In general, 
construction joints in the exterior walls and mats below el 730 feet, 
are provided with water stops.  In addition, the containment structure 
has a continuous waterproof membrane below grade.  Penetrations 
entering these buildings below grade are adequately sealed to prevent 
in-leakage.  For example, piping penetrations in exterior walls of 
valve pits include flexible, water-tight boots to maintain the 
integrity of the building.  As an added precaution, potential in-
leakage to the containment structure is collected in sumps at the 
lower building elevation and pumped out. 
 
The intake structure is the only safety-related structure which could 
be subjected to the effects of coincident waves and associated runup 
from external flooding.  The intake structure, which is flood-
protected to el 737 feet msl by extending the ventilation air intakes 
to this elevation, allows for a 6.7 feet runup above the standing 
water level of 730 feet associated with a 5 feet maximum wave (Section 
2.4.3.6).  The cubicles containing the service water pump motors can  
be completely sealed so that the entire intake structure could be  
under water without affecting pump operability, the cubicles are 
vented to the atmosphere by vent ducts that extend above maximum wave  
height. 
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A plant flood alert will be issued for an Ohio River water level of 
690 feet msl or above.  Actions to protect safety-related equipment 
are initiated when the river water level reaches 695 feet msl and 
water is rising upstream.  Further discussion of implementation times 
and procedures to bring the plant to a cold shutdown is included in 
Section 2.4.14. 
 
As the lowest floor levels of all Category I structures are located 
above ground water level, a permanent dewatering system is not 
required. 
 
3.4.2  Analytical and Test Procedures 
 
The following analyses have determined the extent of flooding external 
and internal to plant structures, so that adequate protection features 
could be designed and implemented. 
 
Since the plant finished grade is higher than the maximum flood level, 
no dynamic water force is applied to Seismic Category I structures, 
with the exception of the intake structure. 
 
For the intake structure design, hydrostatic forces associated with 
the maximum flood level are included in the fluid pressure loads to be 
imposed on the structure as identified in Sections 3.8.1 and 3.8.4. 
Forces acting on this structure are calculated on the basis of full 
external hydrostatic pressure and coincident wave forces, 
corresponding to this flood level.  As discussed in Section 2.4.10, 
all Seismic Category I structures are designed for forces resulting 
from the load combinations which include the design flood. 
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3.5  MISSILE PROTECTION 
 
3.5.1  Missile Selection and Description 
 
3.5.1.1  Internally-Generated Missiles (Outside Containment) 
 
Components outside containment but internal to plant structures have 
been evaluated for potential missile sources. 
 
Valves in high pressure fluid system (P>275 psig) have been evaluated 
as potential missile sources.  The parts which could become possible 
missiles are valve stems and bonnets. 
 
Valve stems are not considered potential missiles because there is 
more than one feature capable of preventing stem ejection, such as 
face-hardened backseats and air and motor operators. 
 
 
Bolted bonnets of ASME Code, Section III, valves are not considered 
potential missiles because they are designed against bonnet-to-body 
connection failure and subsequent bonnet ejection by means of the 
following: 
 

1. Compliance with the ASME Code, Section III, and 
 
2. Control of load during tightening of bonnet-to-body joints. 

 
The proper stud torquing procedures limit the stress of the studs to 
the allowable limits established in the ASME Code.  This stress level 
is far below the material yield.  Pressure-retaining parts of the 
valves are constructed and hydrotested in accordance with the ASME 
Code, Section III.  The bodies and bonnets are volumetrically and 
surface tested to verify soundness.  Critical valves are in-service 
inspected in accordance with the ASME Code Section XI. 
 
The failure of all other valves in high pressure systems has been 
evaluated and found not to affect the items required for safe 
shutdown. 
 
Pumps and fans located outside containment in areas containing safety-
related components have been evaluated for missiles associated with 
overspeed failures.  The maximum no-load speed of these pumps and fans 
is equivalent to the maximum operating speed of their motors.  
Consequently, no pipe break or single failure affecting the suction 
line would increase pump or fan speed above that of the no-load 
condition.  Furthermore, there are no pipe breaks plus single failure 
combinations which could result in a significant increase in pump 
suction or discharge head.  Therefore, no overspeed is expected. 
 
For axial fans, the typical failure mode is the loss of a vane.  For 
centrifugal fans, the failure mode is the failure of the impeller 
rotor or an attached blade.  The fan to motor coupling is also a 
potential missile source.  In the case of four axial fans
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(Table 3.5-12), missile shields have been installed to retain fan 
blades which could otherwise be ejected through the inlet air flex 
connection.  For all other cases, it has been demonstrated that either 
the fan housing is adequate to retain the fragments or a stress 
analysis has determined that the safety factors against the failure of 
these components is acceptable. 
 
Pump missiles may be generated by failure of either the impeller or a 
shaft coupling.  It has been demonstrated that either the pump casing 
is adequate to retain the fragments or a stress analysis has 
determined that safety factors against the failure of these components 
is acceptable.  This includes the turbine-driven auxiliary feedwater 
pump where an analysis has been completed which documents that the 
generated missile does not escape the pump or turbine casing. 
 
Shaft couplings have been evaluated and it was found that no single 
failure mode existed that could result in a generated missile. 
 
The rod control motor-generator sets were evaluated for potential 
missile generation.   The fabrication specifications of the motor-
generator set flywheels control the material to meet ASTM-A533-70, 
Grade B, Class 12, or equivalent, with inspections per MIL-I-45208A, 
and flame cutting and machining operations governed to prevent flaws 
in the material.  Nondestructive testing (NDT) for nil ductility 
(ASTM-E-208), Charpy V-notch (ASTM-A593), ultrasonic (ASTM-A577 and 
A578), and magnetic particle (ASTM Section III, NB2545), is performed 
on each flywheel material lot.  In addition to these requirements, 
stress calculations are performed consistent with guidelines of the 
ASME Code, Section III, Appendix A, to show that the combined primary 
stresses due to centrifugal forces and the shaft interference fit 
shall not exceed 1/3 of yield strength at normal operating speeds 
(1,800 rpm), and shall not exceed 2/3 of the yield strength at 25 
percent overspeed.  However, no overspeed is expected because the 
flywheel weighs approximately 1,300 pounds, and is 35.26 inches in 
diameter by 4.76 inches wide.  The flywheel mounted on the generator 
shaft, which is directly coupled to the motor shaft, is driven by a 
200 hp 1,800 rpm induction motor.  The torque developed by the motor 
is insufficient for overspeed.  Therefore, there are no credible 
missiles from the motor-generator sets. 
 
Table 3.6B-2 shows the safety-related structures, systems, and 
components outside containment required for safe shutdown of the 
reactor. 
 
There are no known missiles generated due to gravitational effects.  
All safety components, and those nonsafety-related components which 
could affect safety-related components, are seismically supported in 
accordance with Sections 3.2 and 3.7. 
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Those tanks that are in areas that contain safe shutdown systems are 
designed to the requirements of the ASME Code, and are therefore not 
considered credible sources of missiles. 
 
Missiles produced from non-ASME Code pressurized tanks and compressed 
air/gas cylinders have been evaluated and will not affect the items 
required for safe shutdown. 
 
Refrigeration compressors and condensing units have been evaluated and 
will not affect the items required for safe shutdown. 
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An additional credible source of jet-propelled missiles outside of the 
containment are temperature and pressure sensor assemblies.  These 
have been investigated and shown not to be credible missile sources. 
 
3.5.1.2  Internally-Generated Missiles (Inside Containment) 
 
3.5.1.2.1  Bases for Missile Selection 
 
Catastrophic failure of the reactor vessel, steam generators, 
pressurizer, and reactor coolant pump (RCP) casings leading to the 
generation of missiles is not considered credible.  Massive and rapid 
failure of these components is not credible because of the material 
characteristics, inspections, quality control during fabrication, 
erection, conservative design, and prudent operation as applied to the 
particular component. The RCP flywheel is not considered a source of 
missiles for the reasons discussed in Section 5.4.1.  Nuts and bolts 
are of negligible concern because of the small amount of stored 
elastic energy. 
 
The following nuclear steam supply system components do have a 
potential for missile generation inside the reactor containment: 
 

1. Control rod drive mechanism (CRDM) housing plug, drive shaft, 
and the drive shaft and drive mechanism latched together, 

 
2. Valves (Table 3.5-l), 
 
3. Temperature and pressure sensor assemblies, and 
 
4. Pressurizer heaters. 

 
Gross failure of a CRDM housing, sufficient to allow a control rod to 
be rapidly ejected from the core, is not considered credible for the 
following reasons: 
 

1. Control rod drive mechanisms are shop hydrotested at 4,100 
±75 psi, 

 
2. Control rod drive mechanism housings are individually hydro-

tested to 3,107 psi after they are installed on the reactor 
vessel to the head adapters, and checked again during the 
hydrotest of the completed reactor coolant system (RCS), and 

 
3. Control rod drive mechanism housings are made of Type 304 

stainless steel, which exhibits excellent notch toughness at 
all temperatures that will be encountered. 

 
However, it is postulated that the top plug on the CRDM will become 
loose and will be forced upward by the water jet.  The following 
sequence of events is assumed:  1) the drive shaft and control rod 
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cluster are forced out of the core by the differential pressure of 
2,500 psi across the drive shaft (the drive shaft and control rod 
cluster, latched together, are assumed fully inserted when the 
accident starts); 2) after traveling approximately 12 feet, the rod 
cluster control spider hits the underside of the upper support plate; 
3) upon impact, the flexure arms in the coupling joining the drive 
shaft and the control cluster fracture, completely freeing the drive 
shaft from the control rod cluster; and 4) the control cluster is 
completely stopped by the upper support plate; however, the drive 
shaft continues to accelerate upward, hitting the missile shield 
provided. 
 
Valves within the reactor coolant pressure boundary (RCPB) have been 
examined to identify potential missiles.  This review identified no 
credible failures that could result in missile formation.  Therefore, 
valves within RCPB are not considered credible sources of missiles.  
Motor-operated valves and air-operated valves contain design features 
which will effectively preclude the ejection of valve stems. 
 
Valves in high-pressure systems inside containment have been reviewed.  
All valves are designed against bonnet-to-body connection failure and 
subsequent bonnet ejection by means of the following: 
 

1. Compliance with the ASME Code, Section III, and 
 
2. Control of load during tightening of bonnet-to-body joints. 

 
The proper stud torquing procedures limit the stress of the studs to 
the allowable limits established in the ASME Code.  This stress level 
is far below the material yield.  Pressure-retaining parts of the 
valves are constructed and hydrotested in accordance with the ASME 
Code, Section III.  The bodies and bonnets are volumetrically and 
surface tested to verify soundness.  Critical valves are in-service 
inspected in accordance with ASME Section XI. 
 
Valve missiles are postulated in the region where the pressurizer 
extends above the operating floor.  Valves in this region are the 
pressurizer safety valves, the motor-operated isolation valves in the 
relief line, and the air-operated relief valves.  Although failure of 
these valves is not considered credible, failure of the valve bonnet 
body bolts is postulated.  The integrity of the containment liner and 
safety-related equipment from the resultant bonnet missile is assured 
by the pressurizer cubicle walls and roof, which act as a missile 
barrier. 
 
The only credible source of jet-propelled missiles from the reactor 
coolant piping and piping systems connected to the RCS is represented 
by the temperature and pressure sensor assemblies.  The resistance 
temperature sensor assemblies can be of two types: those located in a 
well, and those without a well.  Two rupture locations have been 
postulated: 
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1. Around the welding between the boss and the pipe wall, and 
 
2. At the welding (or thread) between the temperature element 

assembly and the boss without the well element, and the 
welding (or thread) between the well and the boss with the 
well element. 

 
A temperature sensor is installed on the RCP close to the radial 
bearing assembly.  A hole is drilled in the gasket and sealed on the 
internal end of a steel plate.  In evaluating missile potential, it is 
assumed that this plate breaks, and the pipe plug on the external end 
of the hole can become a missile. 
 
In addition, a failure of the weld between the instrumentation well 
and the pressurizer wall is assumed, causing the well and sensor 
assembly to become a potential missile. 
 
Analyses have been done to ensure that conservative factors of safety 
exist against the weld failure, thus concluding that missiles from 
temperature and pressure assemblies are not credible. 
 
Pumps and fans located inside containment in areas containing safety-
related components have been evaluated for potential missiles.  In the 
case of one axial fan (Table 3.5-12), a missile shield was installed 
to retain fan blades which could otherwise be ejected through the 
inlet air flex connection.  Three other axial fans (Table 3.5-12) 
missile shields were installed to retain fan blades which could 
otherwise be ejected through the fan housing.  In all other cases, it 
has been demonstrated that either the fan housing or pump casing is 
adequate to retain the fragments, or a stress analysis has determined  
that the safety factors against the failure of these components is 
acceptable. 
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Finally, it is postulated that the pressurizer heaters could loosen 
and become jet-propelled missiles.  These missiles have been analyzed 
and shown not to have any adverse effects on essential equipment. 
 
3.5.1.2.2  Missile Description 
 
The missile characteristics of the valves in the region where the 
pressurizer extends above the operating deck are given in Table 3.5-1. 
 
 
The CRDM missiles are summarized in Table 3.5-2.  The missile 
velocities have been calculated by balancing the forces due to the 
water jet.  No spreading of the water jet has been assumed. 
 
The missile characteristics of the instrumentation well of the 
pressurizer and the pressurizer heaters are given in Table 3.5-4. 
 
3.5.1.2.3  Missile Protection Provided 
 
The following comprise the principal design bases: 
 

1. Missiles generated inside the reactor containment shall 
neither cause loss of function of any redundant engineered 
safety features nor damage the containment boundary.  In 
addition, a missile not generated by a loss-of-coolant-
accident (LOCA) shall not initiate a LOCA.  

 
2. Missiles generated outside of containment but internal to 

BVPS-2 structures shall not cause loss of function of any 
design feature provided for either continued safe operation 
or shutdown during operating conditions, operational 
transients, and postulated accident conditions associated 
with the effects of missile formation. 

 
The most positive method employed to prevent damage from internally-
generated missiles is to assure design adequacy against generation of 
missiles, rather than allow missile formation and try to mitigate the 
effects.  Where potential missiles are identified, safety-related 
structures, systems, and components whose safety function might be 
impaired are protected by either locating the systems or components in 
individual missile-proof structures, physically separating redundant 
systems or components of the system, or providing special localized 
protective shields or barriers. 
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The following protection is provided for the missiles described in 
Section 3.5.1.2.2.  Since CRDM missiles travel directly upward, a 
concrete shield is supported above the CRDMs to limit their travel.  
Valve missiles in the pressurizer cubicle above the operating floor 
travel directly upward where they are contained by the roof of the 
pressurizer cubicle.  Pressurizer instrument sensor missiles are 
contained by the pressurizer cubicle roof and walls.  Since the 
pressurizer heater missiles have no adverse effects on essential 
equipment, no protection is provided. 
 
The ability of structures or barriers to withstand the effects of 
potential internally-generated missiles and to minimize the production 
of secondary missiles is discussed in Section 3.5.3. 
 
Table 3.6B-2 identifies essential systems, structures, and components 
required for safe shutdown. 
 
There are no known missiles generated due to gravitational effects.  
All safety components and those nonsafety components which could 
affect safety components are seismically supported in accordance with 
Sections 3.2 and 3.7. 
 
Missiles produced from non-ASME Code pressurized tanks and compressed 
air/gas cylinders have been evaluated and will not affect items 
required for safe shutdown. 
 
3.5.1.3  Turbine Missiles 
 
Postulated turbine missiles have been evaluated by considering the 
probabilities of missile generation and of impact to safety-related 
items. 
 
The probability (P4) of damage to plant structures, systems, and 
components important to safety is: 
 
 P4 = P1 x P2 x P3 
 
where: 
 
 P1 = the probability of generation and ejection of a high energy 

missile, 
 

 P2 = the probability that a missile strikes a critical plant 
region, given its generation and ejection, and 

 
 P3 = the probability that the missile strike damages 

its target in a manner leading to unacceptable consequences.  
Unacceptable consequences are defined here as the loss of the 
capacity to maintain the integrity of the RCPB, to shut down 
the plant, maintain it in a safe shutdown condition, and/or 
limit offsite radiation exposures. 
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3.5.1.3.1  Probability of Generation and Ejection (P1) 
 
A turbine missile can be caused by brittle fracture of a rotating 
turbine part at or near turbine operating speed, or by ductile 
fracture upon runaway after extensive, highly improbable, control 
system failures. 
 
The probabilities of such failures is, however, significantly reduced 
by the effects of inservice testing and inspection frequencies.  
Reduced probability of missile generation and ejection is the approach 
used by BVPS-2 for ensuring that the probability of unacceptable 
damage to essential structures, systems, and components is 
sufficiently low. 
 
Therefore, the turbine manufacturer, Siemens, has performed an 
analysis of turbine reliability which considers known and likely 
failure mechanisms and expresses such failure probability in terms of 
the intervals between inservice inspection and test.  Consequently, 
the design-speed missile generation probability is related to disk 
design parameters, material properties, and the inservice volumetric 
(ultrasonic) disk inspection interval.  Further, the overspeed missile 
generation probability is related to the turbine governor and 
overspeed protection system's sensing and tripping characteristics, 
the design and arrangement of main steam control and stop valves and 
the reheat steam intercept and stop valves, and the inservice testing 
and inspection intervals for system components and valves.  Inspection 
and test schedules which meet the necessary safety objectives are 
provided in Section 10.2. 
 
3.5.1.3.2  Probability of Missile Strike (P2) 
 
In the event of missile ejection, the probability of a strike on a 
plant region (P2) is a function of the energy and direction of an 
ejected missile and of the orientation of the turbine with respect to 
the plant region.  Figure 3.5-1 shows the turbine placement and 
orientation for BVPS-1 and BVPS-2, as well as the  25 degree missile 
ejection zones for the low pressure turbine wheels.  (Both BVPS-1 and 
BVPS-2 turbines are considered as possible missile sources). 
 
The BVPS-2 target areas are identified by shaded areas in 
Figure 3.5-1.  The target areas include all the Category I buildings 
that contain essential systems, as well as those essential systems 
outside of Category I buildings. 
 
As shown on Figure 3.5-1, due to the plant arrangement, all cross-unit 
damage associated with low trajectory turbine missiles is precluded 
and the potential for cross-unit damage from high trajectory turbine 
missiles is minimized.  The ability of BVPS-1 to satisfy its own plant 
safety objective in regard to turbine missiles provides adequate 
assurance that the damage probability to BVPS-2 due to the BVPS-1 
turbine is also acceptably low. 
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3.5.1.3.3  Probability of Damage (P3) 
 
The probability of damage (P3) is a function of the energy of the 
missile, its angle of impact upon the affected structure, and the 
ability of that structure to prevent unacceptable damage to the 
essential systems it protects. 
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3.5.1.3.4  Probability Evaluation 
 
The probability of unacceptable damage to safety-related structures, 
systems and components by turbine disk fragments is less than the 
plant safety objective of 10

-7
 per year.  This is accomplished by a 

sufficiently frequent turbine testing and inspection schedule which 
provides that the probability of turbine missile generation (P1) is 
maintained at 10

-5
 per year or less. 

 
The combined probability of strike and damage (P2 P3) is considered to 
be 10

-2
 per year or less.  This conservatively considers the 

unfavorable orientation of the turbine generator. 
 
Figure 3.5-2 shows the P1 missile generation probability vs. hours of 
operation since the last disk inspection, with a comparison to the NRC 
requirements. 
 
The P1 values are for the entire unit considering all rotors and both 
design and overspeed conditions.  The turbine testing and inspection 
program is provided in Section 10.2. 
 
A calculation was performed to determine the turbine missile ejection 
probability resulting from an extension of reheat stop and intercept 
valve test intervals.  A reheat stop and intercept valve inspection 
interval of 60 months was assumed in the calculation.  Based on the 
calculation, it was determined that the total turbine missile 
generation probability meets applicable acceptance criteria with an 
18 month reheat stop and intercept valve test interval. 
 
3.5.1.3.5  Turbine Overspeed Protection 
 
The turbine speed control system has adequate redundancy to ensure 
that the turbine does not attain destructive overspeed.  The standard 
Westinghouse analog electro-hydraulic control (EHC) system and 
electromechanical trip system includes three separate speed sensors 
mounted on the turbine stub shaft located in the turbine front 
pedestal.  These sensors are: 
 
 1. Mechanical overspeed trip weight (spring-loaded bolt), 
 
 2. Electromagnetic pickup for main speed governing channel, 

and 
 
 3. Electromagnetic pickup for the overspeed protection control 

channel.  This pickup uses the same toothed wheel as 
item 2. 

 
An overspeed protection controller is provided and is activated in the 
event turbine speed exceeds 103 percent of rated speed (1,800 rpm), or 
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during a full load drop.  In either event, both the governor and the 
interceptor valves close.  The governor valves remain closed until the 
speed is decreased to rated speed (1,800 rpm).  The interceptor valves 
are modulated and reopen when speed decreases to below 103 percent of 
rated speed to remove entrapped steam in the reheat system.  If speed 
again increases above 103 percent, they reclose and continue to 
modulate until speed remains below 103 percent of 1,800 rpm. 
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The overspeed protection controller is the first line of overspeed 
protection and is designed to prevent the turbine from reaching the 
overspeed trip point. 
 
Should the turbine exceed approximately 110 percent of rated speed, 
the throttle (stop), governor, reheat stop, and intercept valves will 
all be tripped closed by both the mechanical overspeed bolt and the 
backup electrical trip.  Thus, the turbine is tripped by redundant 
trip systems from independent speed sensors to assure utmost safety. 
 
The electromechanical trip system also trips the turbine generator on 
excessive thrust bearing wear, low bearing oil pressure, and low 
condenser vacuum. 
 
The turbine is tripped by the dumping of control system hydraulic 
fluid from all valve pistons, causing the heavy springs to close the 
throttle (stop), governor, reheat stop, and intercept valves in 0.15 
second.  Two valves in series in each steam entrance to the turbine 
are closed simultaneously upon a unit trip to provide redundant steam 
isolation to the turbine.  The turbine operation, trip, and overspeed 
protection are discussed in more detail in Sections 10.2.2.1.1, 
10.2.2.1.2, and 10.2.2.1.3. 
 
The redundancy, component reliability, and test procedures of the 
turbine control system are detailed in Section 10.2.2.1. 
 
3.5.1.3.6  Turbine Valve Testing 
 
Throttle, governor, interceptor, and reheat stop valves of the turbine 
generator are tested periodically in the single valve mode while the 
EHC system is in operator automatic and load first stage pressure 
feedback is in service. 
 
Throttle and governor valves are tested individually.  Upon completion 
of each test, the valve is returned to its original position before 
the next valve is tested.  Interceptor and reheat stop valves are 
interlocked so that a pair of these valves in one crossover pipe is 
tested together.  Each pair of valves is returned to the open position 
before the next pair is tested. 
 
Reducing load when testing valves is not necessary since valves may be 
tested at any load.  The maximum load reduction during any valve test 
occurs when the unit is at full load.  Under these circumstances, a 
test of a governor valve results in a short-time load reduction of 
about 4 percent of full load.  The test of a throttle valve or an 
interceptor-reheat stop valve pair at full load results in a load 
decrease of 1 to 3 percent of full load.  When valve tests are made 
below full load, the control system acts to maintain load. 
 
When governor valves are tested at full load, the pressure drops are 
those normally experienced at the 75 percent admission operating
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point (that is, 3 out of 4 governor valves open).  When governor 
valves are tested at less than full load, the pressure drops are no 
different than those experienced in normal operation at reduced load.  
 
3.5.1.4  Missiles Generated by Natural Phenomena 
 
The only missiles considered credible which are generated by natural 
phenomena are those generated by either tornado or flood. 
 
Tornado-generated missiles are selected and used as a design basis for 
all Seismic Category I structures.  These missiles have the 
aerodynamic characteristics necessary for flight in a tornado.  Table 
3.5-5 describes the characteristics of the missiles selected by the 
National Bureau of Standards (NBS) as being representative of 
construction site debris (NBS 1976). 
 
All Seismic Category I systems and components are located in Seismic 
Category I structures.  Those Category I structures designed to 
withstand the effects of tornado missiles and the systems and 
components thus protected are identified in Tables 3.2-1 and 3.2-2. 
 
In general, a minimum of 2 feet thickness of reinforced concrete 
having a minimum strength of 3,000 psi (28 day compressive strength) 
was used for walls, roofs and floors designated as missile protection.  
A lesser concrete thickness was used in several areas where it was 
shown by analysis to be adequate for the postulated missiles.  The 
minimum reinforcing steel each way in each face of any square foot of 
wall or slab providing missile protection is 1.85 square inches. 
 
Ventilation or penetration openings in the various buildings housing 
essential shutdown equipment are protected from tornado missiles by 
reinforced concrete walls or labyrinths or steel missile barriers. 
 
As discussed in Section 2.4, flood levels do not approach the site 
grade and, therefore, waterborne missiles are not considered, except 
in the case of the primary intake structure. 
 
The alternate intake structure is designed to provide a redundant 
system for the primary intake structure.  This was provided expressly 
for the purpose of providing a backup system in the event the primary 
intake structure is damaged due to a gasoline barge explosion. 
 
3.5.1.5  Missiles Generated by Events Near the Site 
 
The acceptance criteria of NUREG-0800 (USNRC 1981) state that the 
aggregate probability of exceeding BVPS-2 design criteria associated 
with all identified external man-made hazards be less than 1.0.  In 
particular, the total probability per year of penetrating site 
proximity missile strikes on safety-related structures should be 
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shown to be less than 10
-7
 per year, or the design bases modified to 

accommodate them. 
 
This report provides an analysis of nearby transportation modes of 
hazardous materials judged capable of generating significant missiles. 
 
The relative importance of potential sources of missiles derives from 
two primary factors, the nature of the shipment lading itself, and the 
shipment frequency past the site.  Several studies (U.S. Department of 
Transportation (USDOT) 1981a, 1981b; Association of American Railroads 
and Railway Progress Institute (AAR-RPI) 1972a and 1972b; National 
Transportation and Safety Board (NTSB) 1971, 1972, 1974, 1979, 1980) 
have borne out the historical record, which shows that shipments of 
flammable compressed gas are the most likely to  
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produce tank fragments with a range and kinetic energy of any 
significance to site safety-related structures.  These shipments are 
almost exclusively limited to rail tank cars on the section of ConRail 
track in the Midland node to the west of the site. 
 
A search of U.S. Army Corps of Engineers data for mile point 35 of 
Ohio River barge traffic showed that there are no significant 
shipments of liquified petroleum gas past the site.  The only 
flammable liquid carried in bulk tank barges with a significant 
explosion potential is gasoline.  An alternate intake structure has 
been provided to address this concern (Section 9.2.1.2). 
 
Telephone and letter surveys of nearby industrial firms have shown 
that there are no known shipments of flammable compressed gas which 
use the Highway 168 bridge at Shippingport.  There are occasional bulk 
shipments of chemicals such as solvents, and regular use of the bridge 
by gasoline tank trucks, but these use low pressure tank trailers of 
all welded ductile construction that are unlikely to produce missiles 
of any consequence to the site. 
 
At intervals of about once every 18 months, for a period of one or two 
weeks, tank truck shipments of nonflammable compressed gas (LOX, LN2, 
Argon) are received at the Crucible Plant in Midland.  These are 
estimated at a maximum two loads per day during this period.  From the 
historical experience with these products, the missile generating 
potential of the shipments is deemed negligible (USDOT 1981a, 1981b). 
 
Hence, the following analysis concentrates primarily upon rail 
shipments of flammable compressed gas.  The shipments of flammable 
compressed gas are listed in Table 3.5-6. 
 
 Rail Shipment Analysis 
 
The following algorithm is used to estimate the aggregate probability 
of a violent rupture or explosion from a rail shipment of hazardous 
materials capable of producing large missiles able to reach safety-
related structures at the site: 
 

 Pe = E
R

1i=
Σ  i

iT
i LS

 

 (3.5-7) 
 
where: 
 
 Pe = aggregate probability of missile generating ruptures or 

explosions from rail accidents of significance to safety-
related structures (events/year). 
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 R = number of hazardous materials likely to produce violent 
ruptures or explosions with significant missile 
generating capability (dimensionless). 

 
 E = frequency of events which result in explosions or violent 

ruptures capable of producing significant missiles 
(events/shipment). 

 
 Si = shipment frequent of i-th hazardous material past site 

(shipment/year). 
 
 Li = track exposure length for the i-th material (miles). 
 
 Ti = average shipment trip length for i-th material (miles). 
 
 Number of Hazardous Materials, R: 
 
The hazardous materials deemed likely to produce significant missiles 
in terms of size and potential range were selected from the list of 
STCC code 4902, 4905, and 4906 hazardous materials in the ConRail 
(1980) Midland node report.  These materials were also found to be 
prevalent in accident/incident data contained in special USDOT (1980, 
1981) computer printouts of March 26 and April 15, 1981, and rupture 
data from The Railroad Tank Car Safety Research and Test Project 
Report RA-01-2-7 (AAR-RPI 1972a) as well as several pertinent railroad 
accident reports by the NTSB.  
 
The materials selected (Table 3.5-6) were generally flammable 
compressed gases, and they produce a characteristic rupture event 
ranging from a simple overpressure and subsequent fire, to a boiling 
liquid expanding vapor explosion (BLEVE).  Two flammable liquids, 
ethylene and propylene oxide, and a compressed gas that is slightly 
flammable, anhydrous ammonia, were added to the list because of their 
particular material properties and their incident rate. 
 
 Frequency of Events Resulting in Explosions or Ruptures, E: 
 
The event incidence for significant missile-producing ruptures is 
infrequent enough that material specific data were not judged to be a 
reliable indication.  In addition, ConRail-specific data for the 
period March 30, 1976 through December 31, 1979, contained no 
incidents involving explosions.  Instead, a comparison was made 
between the risk assessment made for propane transport by Battelle 
Memorial Institute in PNL-3308 (Geffen 1980) and the USDOT data in 
accident/incident bulletins for the years 1975-1979.  In terms of the 
incidence of tank car violent rupture or explosions per tank car mile, 
the predicted values were as follows: 
 
 PNL-3308        3.1 x 1O

-9
 events/tank car-mile 

 
 USDOT ('75-'79) 1.5 x 10

-9
 events/tank car-mile 
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The Battelle report considers nonaccident related tank failures, as 
well as transportation accidents, and about 20 percent of ruptures 
occur in nonaccident situations, the Battelle event frequency was used 
in this analysis even though it is recognized to be demonstrably 
conservative.  This also accounts for the contribution to the average 
rate from the slightly higher incidence for propane and liquid 
petroleum gas (LPG) shipments.  The latter are not controlling for the 
site because approximately 3/4 of the hazardous material tank car 
shipments in question contain vinyl chloride monomer (Table 3.5-6). 
 
 Shipment Frequency, Si: 
 
Shipment frequencies are derived from applicable data in the ConRail 
(1980) Midland node report for the period January 1978 through June 
1979.  Tank cars per year and per train for the commodities in 
question appear in Table 3.5-6. 
 
 Track Exposure Length, Li: 
 
Although it is obvious from the accident data examined that the total 
lading from each car is not involved in producing ruptures and rupture 
effects, the rail line exposure distance for the i-th material was 
estimated using the equivalent alpha-trinitrotoluene (TNT) method to 
calculate radii, as suggested by Regulatory Guide 1.91.  The method of 
Eichler and Napadensky (1977) in final report J6405 was used to 
estimate TNT equivalents (W) using the net or gaseous product heats of 
combustion for each material.  The radii R = 45W 

1
/
3
 were calculated, 

and the corresponding exposure distances estimated from arcs 
intercepting the rail line from safety-related structures other than 
the intake structure.  The closest point of approach to the site 
safety-related structures is then taken to be about 2,030 feet.  From 
this analysis, summarized in Table 3.5-7, the shipments of dimethyl 
ether are seen to be incapable of producing a significant missile. 
 
 Average Shipment Trip Length, Ti: 
 
The average shipment lengths for each hazardous material were derived 
from the One Percent Waybill Sample of U.S. Tank Car Shipments or 
Appendix E to the Final Phase 02 Report RA-02-2-18 (AAR-RPI 1972b). 
 
 Aggregate Probability of Missile Generating Ruptures or 

Explosions, P e: 
 
Results from the previous effort are summarized in Table 3.5-8.  The 
aggregate probability of tank car violent ruptures or explosions which 
can produce significant missiles is conservatively calculated to be 
4.9 x 10

-6 
per year.  This is slightly above the NUREG-0800 (USNRC 

1981) Section 3.5.1.5 suggested limit for conservatively estimated 
explosion probability so an assessment of potential missile ranges was 
made, using a simplified explosion model, and a comparison 
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made with accident experience contained in AAR-RPI RA-01-2-7 (1972a).  
These distances are contained in Table 3.5-9. 
 
 Discussion of Results 
 
According to Mr. William F. Black, Chief of the Office of Safety, 
Federal Railroad Administrations (FRA), USDOT, the types "J", "S", and 
"T" pressure tank car retrofits, which establish such things as 
thermal insulation protection, head puncture shields, shelf couplers, 
and upgraded safety relief valve capacities, have all been installed 
on existing tank cars as of December 31, 1980.  All new compressed gas 
tank cars must also meet these provisions, which were proposed under 
Docket No. HM 144 and modified in subsequent notices under Title 49, 
Parts 173 and 179.  Consequently, a substantial reduction is expected 
in the severity and incidence of violent ruptures and explosions.  
Recent experience at the July 26, 1980, derailment in Muldraugh, 
Kentucky, which involved the shell rupture of two out of six tank cars 
of vinyl chloride monomer, showed that the J type modification 
"greatly enhanced the crashworthiness of the chemically laden tank 
cars during and after the derailment ... catastrophic releases of 
hazardous materials did not occur."  "Top and bottom shelf couplers, 
tank head shields, and tank shell insulation were performed within 
design limits as intended, and prevented head punctures in all of the 
derailed tank cars" (NTSB 1980).  The FRA believes that compressed 
flammable gas tank car head punctures and fire-induced violent 
ruptures will be greatly reduced or eliminated in nine out of ten 
accident cases as a result of the improvements.  In fact, accident 
experience has already started to reflect this improvement but 
sufficient data are not yet available to quantify the results.  It 
should be noted that these changes are not being uniformly applied to 
flammable liquid tank cars such as those used for ethylene oxide.  
This experience is expected to improve because the lading loss savings 
and cost of damage make retrofits of thermal insulation and shelf 
couplers attractive to shippers.  However, where this analysis 
reflects data from past experience, the benefits from the USDOT 
required retrofits are not taken credit for.  It also reflects, by 
virtue of the referenced propane risk assessment, the contribution of 
nonaccident ruptures (Geffen 1980).  The risk to BVPS-2 is 
nevertheless subject to further reducing factors, according to the 
model used on NUREG-0800 (USNRC 1981) in Section 3.5.1.5. 
 
 PT = Pm x Pmr x Psc x Pp x N 
 
 (3.5-8) 
 
where: 
 
 PT = Total probability per year of a damaging missile strike. 
 
 Pm = Probability of an explosion (capable of missile 

generation). 
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 Pm = Probability of an explosion (capable of missile 
generation). 

 
 Pmr = Probability of a missile reaching the plant (distance to 

safety-related structures). 
 
 Psc = Probability of a missile striking a critical area (safety-

related structure). 
 
 Pp = Probability of a missile energy exceeding the energy 

required to penetrate (the safety-related structures). 
 
 N = Number of missiles per explosion. 
 
Some perspective is in order at this point.  Not all major ruptures 
produce missiles.  In fact, the Final Phase 01 Report (AAR-RPI 1972a) 
shows that in about one third of major ruptures, no significant 
missiles are created.  Therefore, a conditional probability of an 
explosion capable of missile generation, Pm = 0.67, should be added to 
the equation.  Also, a dependency exists between the probability of a 
missile reaching BVPS-2 and its energy exceeding that of the design 
basis tornado missile, generally assumed to be the “flying telephone 
pole."  A study of 84 tank car fragmentations by Siewert (1972) showed 
that for distances exceeding 2,000 feet (610 meters), there is only a 
probability of 0.05 that the missile will reach the BVPS-2 structures 
at all.  In the specific case discussed here, the minimum approach 
distance is 2,030 feet.  Hence Pmr could be taken as 0.05.  In 
addition, the energy remaining in missiles exceeding this distance is 
believed minimal because of likely size (small) and air resistance 
efforts (cumulative) for a tumbling object.  The punching shear 
characteristic of the 200 mph telephone pole is much different than 
the damage typically inflicted by tank car fragments, such as an 
elliptical head.  These heads have been known to demolish brick walls, 
but to bounce over fieldstone walls with little damage (Black 1981).  
Therefore, the probability, Pp, of a tank car missile exceeding the 
tornado missile design basis for reinforced concrete structures is 
judged to be proportional to their (mass)

l/2, (velocity)1 and (mass to 
aspect ratio)

-l/2, or: 
 

 0.42
10.5
1.0

200
180

1500
3500

P 1/211/2
p )()()( == −  

 
 (3.5-9) 
 
The number of missiles generated per explosion is usually two parts of 
one tank car which head in opposing directions.  From Table 3.5-6, and 
the number of cars of any one commodity per train, we see this as a 
reasonable assumption.  Therefore, only one missile per explosion 
would be postulated to be directed at the site, hence, N = 1. 
 
Table 3.5-6 of the U.S. Atomic Energy Commission (USAEC) Topical 
Meeting Report (Iotti et al 1973) gives an estimate of the hit
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probability of missiles from explosion striking a critical area, which 
places Psc in the range of .01 or less for a distance of over 2,000 
feet and a multi-unit site.  Hence, the calculated total probability 
per year of a rail accident missile causing significant damage to a 
safety-related structure is: 
 
 
 PT(rail) = 4.93 x 10

-6
 x 0.67 x 0.05 x 0.01 x 0.42 x 1.0 

 
  = 7.0 x 10

-10
 

 
 (3.5-10) 
 
An upper bound estimate assuming Pm = 1.0, Pmr = 0.10, 
 
 Psc = 0.10, Pp = 0.6, and N = 2.0 is: 
 
 PT(rail) = 4.93 x 10

-6
 x 1.0 x 0.10 x 0.10 x 0.6 x 2.0 

 
 = 5.9 x 10

-8 
 (3.5-11) 
 
From the previously mentioned analysis, we conclude that a realistic 
assessment of the risk of significant missile generation events from 
railroad traffic near the site is that they do not constitute a design 
basis, and pose no unacceptable hazard to the BVPS-2 safety-related 
structures. 
 
 Estimation of Fragment Ranges from Rail Tank Car Explosion 
 
In an accident involving easily liquified compressed gases, for 
example LPG and anhydrous ammonia, large fragments (greater than one-
fourth of the container size) may travel by "thrusting.”  These 
fragments travel by a process which results from changing all or part 
of the liquid into gas by flash vaporization.  The flash vaporization 
occurs because the internal pressure in the container is abruptly 
released during fracturing of the vessel.  The mechanisms of this 
thrusting process is fully explained in the National Aeronautics and 
Space Administration (NASA 1978) Contractor Report 3023 and is 
considered applicable for the accidents involving hazardous materials 
of interest in this report.  According to the NASA Report, the 
thrusting fragments have a low launch angle (5-10 degrees). 
 
The NASA Report 3023 computer program entitled "THRUST" was utilized 
in calculating the acceleration, velocity, and displacement distances 
of fragments propelled by a vaporizing liquid.  The NASA analysis 
assumes that a large portion of the vessel containing a liquid/gas 
mixture in equilibrium at greater than atmospheric pressure will 
separate from the rest of the storage vessel.  As the liquid under 
pressure converts to gas when released to atmospheric pressure, a  
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thrust is produced causing the fragment to move away from the scene of 
the accident. 
 
The types of tank car fragments are illustrated in Table 3.5-10.  In 
Type A, the tank is shown to rupture in two equal halves.  In Type B, 
the tank car is assumed to split in 2:1 ratio and the smaller fragment 
is assumed to move away from the accident scene.  Types C and D 
ruptures are not considered in this analysis because in Type C, the 
manway has no significant amount of liquid to provide it with thrust, 
and in Type D, the leak is relatively too slow to create a violent 
change in vapor/liquid equilibrium within the tank.  In Table 3.5-7 
the ranges of thrusting fragments generated by LPG and anhydrous 
ammonia are shown.  We note that for the identical rupture of the tank 
car, the fragment ranges for ammonia are approximately twice those for 
LPG.  The ranges are however, still well below the nearest distance 
(2,030 feet) to the safety-related structure from the railroad track. 
 
 Estimate of Maximum Missile Range from Gasoline Truck Explosions 
 
Using the model presented by Rhoads (1978), an estimate was made of 
the maximum equivalent weight of TNT (Brasie & Simpsons method) of an 
explosive mixture entirely filling a gasoline tank truck trailer tank 
of 8,400 gallon capacity.  The minimum distance from the nearest 
highway to the nearest safety-related structure is 760 feet, and this 
is outside the maximum calculated range of gasoline truck missiles 
(380 feet). 
 
3.5.1.6  Aircraft Hazards 
 
A study of the probability of aircraft which use nearby airports and 
airways colliding with the safety-related structures of BVPS-2 is 
presented in Appendix 3B.  Due to the conservatism of the analysis, 
the values derived by the analytical model are believed to be 
substantially higher than the true probability.  The study concludes 
that the aircraft accident probability would be less than 1.0 x 10

-7
 

per year through the year 2024. 
 
3.5.2 Structures, Systems, and Components to be Protected from 

Externally Generated Missiles 
 
Missile protection is provided for all components required to achieve 
and maintain a safe shutdown condition and prevent the missile 
accident from propagating into a more serious accident.  Table 3.2-1 
lists all QA Category I components by systems and identifies the 
missile protection for those safety-related components considered.  
Also listed in the table are the safety class, location, design code, 
and flood protection provided for each component.  Table 3.2-2 lists 
all QA Category I structures and identifies the structures for which 
tornado and flood protection are required.  Table 3.6B-2 describes 
which Category I components are required for safe shutdown.  Details 
of the component and system designs, including redundancy and extent  
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of safety-related requirements, are included in the sections 
describing each component. 
 
As discussed in Section 3.5.1.2.3, safety components are physically 
separated by barriers and located in individual cubicles so that a 
postulated missile does not affect the minimum number of components 
required for safe shutdown.  The general arrangement drawings in 
Section 3.8 show the physical separation and barriers provided. 
 
3.5.3  Barrier Design Procedures 
 
Missile barriers are designed to withstand the effects of missiles 
described in Section 3.5.1 without compromising plant safety. 
 
Missile barrier design requirements include: 
 

1. To prevent perforation of the missile into safety-related  
areas with one or more barriers, 

 
2. Secondary missiles are not generated or are limited to energy 

levels which permit safe shutdown of the plant, and 
 
3. Structural response to missile impact to permit the barrier 

and its supports to safely carry other design loads during 
and after impact.  In addition, the deflection of the barrier 
does not impair the safety or safety function of a Seismic 
Category I system. 

 
The procedure used to evaluate the local response of concrete barriers 
to missile impact is based on Appendix B of SWECO 7703 (SWEC 1977).  
The thickness of concrete barriers conforms to the minimum acceptable 
barrier thickness requirements specified in Table 1 of SRP 3.5.3, 
NUREG-0800 (USNRC 1981). 
 
Local response of steel barriers is evaluated by using the Stanford 
Research Formula (Gwaltney 1968) and the Ballistics Research 
Laboratory Formula (Gwaltney 1968). 
 
The overall structural response of the concrete barriers to missile 
impact is evaluated using methods presented in Appendix C of SWECO 
7703 (SWEC 1977).  Using these methods, the structural design of the 
barrier is controlled by the ductility factor as described herein. 
 
If the barrier is required to carry loads during and after missile 
impact, the maximum allowable ductility is limited to a factor of 10. 
In particular: 
 

1. For beam-column members where the compressive load is equal 
to or less than one-third of that which would produce 
balanced conditions (Pb or 0.1fcAg, whichever is smaller), 
the allowable ductility is 10. 
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 Where: 
 
 Pb = axial load capacity at simultaneous assumed ultimate 

strain of concrete and yielding of tension steel 
 
 f'c = specified compressive strength of concrete (psi) 
 
 Ag = gross area of section (in

2
). 

 
2. For beam-column members where the design is controlled by 

compression, the allowable ductility is 1.3. 
 
 
3. For members which are between the cases of items 1 and 2, the 

ductility ratio should be taken as decreasing linearly from 
10 to 1.3. 

 
The overall structural response of the steel barriers to missile 
impact is evaluated in accordance with the following: 
 

1. When flexural compression or shear governs, the allowable 
ductility is ≤ 10. 

 
2. For columns with slenderness ratio (l/r): 

 
a. equal to or less than 20, the allowable ductility is ≤ 

1.3. 
 
b. greater than 20, the allowable ductility is ≤ 1.0. 

 
 
 where: 
 
 1 = effective length of the member. 
 
 r = least radius of gyration. 
 

3. When the members are subjected to tension, the ductility 
ratio (u) is given by: 

 
 

 u = 0.5  
εμ
εy

 

 (3.5-12) 
 where: 
 
 εμ = ultimate strain 
 εy = yield strain 
 
If a concrete barrier is not required to carry other loads during and 
after impact, the maximum allowable ductility ratio is limited to 
correspond to a rebar elongation of 5 percent.  Similarly, for steel 
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barriers not required to carry other loads, the maximum allowable 
ductility ratio is also limited to correspond to an elongation of 
5 percent (Sihweil 1976). 
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TABLE 3.5-1 
 

VALVE MISSILE CHARACTERISTICS* 
 
 
 

 
 
 

Missile Description 

 
 

Missile 
Weight 

(lb) 

 
Flow 

Discharge 
Area 
(in2) 

 
 

Thrust 
Area 
(in2) 

 
 

Impact 
Area 
(in2) 

Missile 
Weight to 

Impact Area 
Ratio 
(psi) 

 
 
 

Velocity 
(fps) 

       
Safety valve bonnet 350 2.86 80 24 14.6 110 

 
A 3-inch motor-operated isolation valve 
bonnet (plus motor and stem) 
 

400 5.5 113 28 14.1 135 

A 3-inch air-operated valve bonnet (plus 
stem) 
 

125 2.08 17.8 123 1.0 165 

 
NOTE: 
 
*For valves in the region where the pressurizer extends above the operating floor. 
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TABLE 3.5-2 
 

SUMMARY OF CONTROL ROD DRIVE MECHANISM MISSILE ANALYSIS 
 

 
 
Postulated Missile 

Missile 
Weight 
  (lb)    

 
Thrust Area 
      (in2)      

 
Impact Area 
      (in2)       

Distance 
to Target 
     (ft)      

 
Impact Velocity 
        (fps)         

 
Kinetic Energy 
       (ft-lb)       

       
Mechanism 
housing plug 
 

11 4.91 7.07 5 90 1,380 

Drive shaft 
 

133 2.40 2.41 5 150 46,757 

Drive shaft latched 
to mechanism 
 

1,295 12.57 11.04 5 12.1 1,490 
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TABLE 3.5-4 
 

CHARACTERISTICS OF OTHER MISSILES 
POSTULATED WITHIN REACTOR CONTAINMENT 

 
 
 
 
 

Missile Description 

 
 
 

Weight 
   (lb)    

 
 

Discharge 
Area 

    (in2)     

 
 

Thrust 
Area 

  (in2)   

 
 

Impact 
Area 

  (in2)    

Missile 
Weight to 

Impact Area 
Ratio 

     (psi)       

 
 
 

Velocity 
  (fps)    

       
Instrument well of 
pressurizer 
 

5.5 0.442 1.35 1.35 4.1 100 

Pressurizer heaters 
 

15 0.61 2.4 2.4 6.25 55 

 



 BVPS-2 UFSAR Rev. 0 

1 of 1 

TABLE 3.5-5 
 

TORNADO-GENERATED EXTERNAL MISSILES* 
 
 
 
 
Type of Missile 

  
   Weight 
     (lb)   

Horizontal 
Velocity 

    (fps)     
    
1. Wood plank 4 in x 12 in x 12 ft 114.6 272 

 
2. Steel rod 1 in dia x 3 ft long 8.8 167 

 
3. Steel pipe 6 in dia, Schedule 40, 15 ft long 286.6 171 

 
4. Steel pipe 12 in dia, Schedule 40, 15 ft long 749.6 154 

 
5. Utility pole 13.5 in dia, 35 ft long 1124.4 180 

 
6. Automobile Frontal area - 28 ft2 3990.4 194 

 
 
 

NOTE: 
 
* These missiles are considered to be capable of striking in all directions with vertical velocities 

equal to 70 percent of the acceptable horizontal velocities except for Missile 2, which is 
assumed to have the same speed in all directions.  Missiles 5 and 6 need not be considered 
more than 30 feet above all grade levels within 1/2 mile of the facility structures. 
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TABLE 3.5-6 
 

LIST OF HAZARDOUS MATERIALS WITH THE POTENTIAL 
FOR PRODUCING SIGNIFICANT MISSILES 

 
 
 
Material 

Avg No. 
cars/train* 

Approx No. 
  cars/yr   

   
1. Ethylene oxide 
 

0.097 254 

2. Propylene oxide 
 

0.040 105 

3. Vinyl chloride monomer 
 

1.150 3,035 

4. Dimethyl ether 
 

0.059 156 

5. Butadiene 1, 3 
 

0.019 48 

6. Isobutane 
 

0.004 11 

7. Isobutylene 
 

0.028 73 

8. Liquified petroleum gas 
(LPG) 

 

0.105 277 

9. Ethylene 
 

0.016 41 

10. Anhydrous ammonia 
 

0.023    61 

 1.541 4,061 
 
 

NOTE: 
 
*Conrail Node Report: 18,075 Hazmat cars/1.5 year average. 
 AAR Yearbook of RR Facts: 66 cars/train average. 
 USDOT 1977-1979 Accident/Incident: 4.58 Hazmat cars/train average. 
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TABLE 3.5-7 
 

SUMMARY OF EXPOSURE DISTANCE CALCULATIONS 
 
 
 

Hazardous Material 
W Equiv 

   lb    
TNT  

R=45W1/3 ft 
S Exposure 
Dist;miles 

     
1. Ethylene oxide 206,000  2,657 0.621 

 
2. Propylene oxide 214,700  2,693 0.629 

 
3. Vinyl chloride monomer 
 

173,400  2,508 0.508 
 

4. Dimethyl ether 90,450  2,019 0 
 

5. Butadiene 1, 3 369,600  3,229 0.850 
 

6. Isobutane 143,360  2,354 0.470 
 

7. Isobutylene 305,800  3,030 0.831 
 

8. LPG 328,320  3,103 0.831 
 

9. Ethylene 303,920  3,025 0.831 
 

10. Anhydrous ammonia 101,900  2,101 0.260 
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TABLE 3.5-8 
 

AGGREGATE PROBABILITY OF EXPLOSION OR 
VIOLENT RUPTURE CAPABLE OF MISSILE GENERATION 

 
 

Hazardous Material Pe  10-6 Ruptures/Yr 
  

1. Ethylene oxide 
 

0.4236 

2. Propylene oxide 
 

0.1794 

3. Vinyl chloride monomer 
 

3.1130 

4. Butadiene 1,3 
 

0.1056 

5. Isobutane 
 

0.0155 

6. Isobutylene 
 

0.1788 

7. LPG 
 

0.7166 

8. Ethylene 
 

0.1022 

9. Anhydrous ammonia 
 

0.0988 

 Total  4.933 x 10-6 
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TABLE 3.5-9 
 

TANK CAR FRAGMENT RANGE (FEET) FOR 10° LAUNCH ANGLE 
 
 

 Postulated Missile Type 
 Chemical Type A Type B Type C Type D 

     
1. LPG 142 370 - - 
2. Anhydrous ammonia 264 803 - - 

 



 BVPS-2 UFSAR Rev. 0 

1 of 1 

TABLE 3.5-10 
 

TYPES OF TANK CAR MISSILES 
 

 
 

Type 
 
A 
 
 
 
 
B 
 
 
 
 
C 
 
 
 
 
D 
 
 
 
 
 

 

Description 
 

Tank splits at mid-seam 
 
 
 
 
Tank splits in 2:1 ratio with the 
smaller section “thrusting” 
 
 
 
Manway separates 
 
 
 
Tank punctured at head 
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TABLE 3.5-12 
 

MISSILE SHIELDS ON AXIAL FANS 
 
 
Axial Fan No. Location Elevation Notes 

    
2HVP*FN264A Auxiliary Building 766’ - 6” 1 
2HVP*FN264B Auxiliary Building 766’ - 6” 1 
2HVZ*FN261A Cable Vault Building 786’ - 5 1/2” 1 
2HVZ*FN261B Cable Vault Building 777’ - 6” 1 
2HVR-FN203B Containment Structure 707’ - 8” 1 
2HVR-FN201A Containment Structure 692’ - 11” 1, 2 
2HVR-FN201B Containment Structure 692’ - 11” 1, 2 
2HVR-FN201C Containment Structure 692’ - 11” 1, 2 
2HVT-FN245 Turbine Building 774’ - 6” 1 
2HVT-FN246 Turbine Building 774’ - 6” 1 

 
 

Notes: 
 
1. Missile Shields added to listed fans to provide missile protection 

for postulated missiles ejected through their inlet air flex 
connections. 

 
2. Missile Shields added to listed fans to provide missile protection 

for missiles ejected through the fan housing. 
 



~\ 
, 
", "I // 
,'~ 

I 

(1 

llilPGOlC'f 
_L G[NEIIATOII 

1100II 

-- --­,~ 

'" 

__ ~~-! ! /1 
\ -----I---.- I 

LOW TRAJECTORY MISSILE 

~ ,i ,-:-" -f'. -. ~OilLING' TOWEll \ 
'. ~"T l\IO.l l 

~ ! ; , ~ 
--;...--+---+---t-+---------'=-~ -----+-¥----t---+---r-~ 

\ 
\ 

IKING ZONE 

\ I J , 
7 • I 

----- . 

8 ... • 
"" 

--...... · ... 000 

_ lllUlJDEIO. 
I , 
I 
I 

i 

/-'c .' 
/ 

/ 

FIGURE 3.5-1 

o , 

d'<" 

./ .. 

I 

SCALE-FKT 

~::~~==================================~r===~~==~========~-~----~----~_=~~~-------------------N3~O 
PI,.OT PLAN OF TURBINE LOCATIONS. 
ORIENTATIONS. AND IMPACT AREAS 
FOR TURBINE MISSILES 

SWS SUPP\.Y TO TURBINE PLANT 

B§AVER VALLEY POWER STATION-UNIT 2 
FI~AL SAFETY ANALYSIS REPORT 



I REV. 20 

BB281-13.9m2 DESIGN 

COMPARISO'N OF EXTERNAL MISSILE PROBABILITIES INCLUDING OVERSPEED 
WITH NRC LIMIT 

PR06ABILITY OF AN EXTERNAL MISSILE{P1} VSINSPECTION INTERVAL 
Seaver Valley 2 BB281-13.9m2 

·1.OOE-03 :j:"~---~'-'-~"'-~'-~"-'~""'~'-"'~"'-E"'-~''''~''''''~'''-'~'-"-~""~"'-~"-'l""-~-"'~"-'-~'-~---~'-'~""'~"""~"-'E"" .. ~ .... ~ ... -.~ .... -~.-.. ~ ...... ~ ...... ~ ..... ~ ... '~-'-~'-"~-"'~-"'~""'-~""~"''''~''''''g'''-~''''~'''-~''''''~''''''~ ..... ~ ...... ~ ..... ~ 
t ; 

! 

1.00E-07 -I-----I-----+----I------I-----+-----i 

$$$OATE$$$TIME$$$ 

o 20000 40000 60000 80000 100000 '120000 

INSPECTION INTERVAL, OPERATING HOURS 

I-tr- P1 ---NRC LltvIT I 

FIGURE 3.5-2 

PROBABILITY OF AN EXTERNAL MISSLE (Pl) 
VS INSPECTION INTERVAL 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFElY ANALYSIS REPORT 

A 

$ $OE 51 GN$ $F I L E $ $ 5PE C I FICA T I ON$$ 
PREPARED ON<::::::~~~/ CAEDDI 

THE CNSU L..~~~...::J SYSTEM 
v ........................... 



 BVPS-2 UFSAR Rev. 0 

3.6-1 

3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED 
RUPTURE OF PIPING 

 
Sections whose identification number includes the letter B contain 
material within balance-of-plant (BOP) scope, while sections whose 
identification number includes the letter N contain material within 
the nuclear steam supply system (NSSS) scope. 
 
3.6B PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED 

RUPTURE OF PIPING 
 
The effects of piping failures inside and outside containment are 
evaluated to ensure: 
 

1. That the minimum requirements of essential safety-related 
systems and structures are not compromised, 

 
2. That the plant can be shut down safely, and 
 
3. That offsite doses in excess of applicable guidelines do not 

occur. 
 
3.6B.1 Postulated Piping Failures in Fluid Systems Outside of 

Containment 
 
Piping failures in systems outside containment, postulated in 
accordance with the criteria of Section 3.6B.2, are evaluated to 
determine the effects of these failures on essential safety-related 
components.  The containment boundary equipment and all systems 
essential for a safe shutdown are protected against the effects of a 
postulated piping failure.  The criteria for protection against pipe 
failure outside the containment conform with the guidelines contained 
in U.S. Nuclear Regulatory Commission Branch Technical Position 
ASB 3-1.  In addition, the environmental effects of a piping failure 
are determined and are used as input to the Environmental 
Qualification Program described in Section 3.11. 
 
3.6B.1.1  Design Bases of Postulated Piping Failures 
 
3.6B.1.1.1  Applicable Systems 
 
Piping breaks are postulated to occur in high internal fluid energy 
level piping systems (or portions of systems) in accordance with the 
criteria stated in Section 3.6B.2.1.  High energy piping systems are 
defined as fluid systems that are either in operation or maintained 
pressurized under conditions where either or both of the following are 
met; a maximum operating temperature exceeding 200°F or pressure 
exceeding 275 psig.  Maximum operating temperature and pressure are 
the maximum temperature and pressure in the piping systems during 
normal plant conditions which are expected frequently or regularly in 
the course of reactor start-up, operation at power, hot standby, or 
reactor cooldown to a cold shutdown condition excluding refueling. 
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High and moderate energy systems inside and outside containment are 
listed in Tables 3.6B-1 and 3.6B-la, respectively. 
 
Through-wall leakage cracks are postulated in accordance with the 
criteria stated in Section 3.6B.2 for piping systems outside the 
containment that are either in operation or maintained pressurized 
under conditions where both the maximum operating temperature and 
pressure are equal to or below 200°F and 275 psig.  These piping 
systems are defined as moderate energy systems and generally include 
all systems which are not high energy. 
 
3.6B.1.1.2  Break Exclusion 
 
The main steam and feedwater lines in the main steam valve house and 
all high energy branch lines within the main steam valve house are 
considered break exclusion zones. 
 
3.6B.1.2  Description of Essential Components 
 
Table 3.6B-2 lists essential systems and components required to 
mitigate the consequences of accidents, defined by American National 
Standards Institute (ANSI) Standard N18.2, to achieve safe shutdown 
and maintain offsite doses within acceptable limits.  Protection for 
all systems, structures, etc required for control room habitability is 
also ensured.  All essential components are safety-related Class lE, 
and designed to ASME Section III, QA Category I, Seismic Category I 
requirements.  Each postulated piping failure is evaluated to 
determine its effect on those essential structures, systems, and 
components required to perform a safety function following the 
postulated failure.  Only those components required to function 
following a specific break are protected from the effects of that 
break.  A detailed analysis of all postulated failures considers these 
effects in conjunction with single failure criteria, loss of offsite 
power (LOOP), seismic events, and all other design considerations 
chosen to maximize the deleterious effects on safety equipment.  The 
minimum required number of safety equipment must remain operable under 
all postulated conditions. 
 
3.6B.1.2.1  Design Approach 
 
The following design features are provided to minimize the effects of 
piping failures. 
 
3.6B.1.2.1.1  Separation 
 
A primary objective in the piping layout and plant arrangement is to 
separate high energy fluid system from essential structures, systems, 
and components so that the effects of postulated piping breaks at any 
location are isolated or physically remote from these components.  If 
complete separation is not possible, then redundant safety equipment 
is located in separate areas so a single pipe failure cannot affect 
both safety components simultaneously.  Inside each redundant 
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cubicle, high-energy piping is minimized or located remotely from the 
safety component, to the extent practicable, so that the effects of 
pipe whip or jet impingement are negligible. 
 
Safety-related electrical and control system equipment is located, 
whenever possible, in areas which do not have piping (the emergency 
switchgear area).  Cable tray runs and instrumentation process lines, 
which cannot be separated from piping runs, are located as far as 
possible from postulated piping failure locations.  Every attempt is 
made to separate redundant cable runs and instrumentation lines 
physically.  For all safety components where physical separation is 
impossible, one or more of the design features described succeedingly 
are provided to ensure that the minimum required number of safety 
components remain operable. 
 
3.6B.1.2.1.2  Enclosures 
 
Where physical separation by distance is not practical, protective 
structures are used.  These structures are concrete walls, cubicles, 
etc, which are part of the building design and as such are described 
in Section 3.8.  For example, each charging pump is located in a 
separate cubicle with concrete walls between redundant pumps.  
Redundant electrical and control systems in the area of piping runs 
are provided with barriers to minimize the effects of piping failures.  
The arrangement drawings in Section 3.8 show the concrete walls, 
barriers, and cubicles around the safety-related components listed in 
Table 3.6B-2. 
 
3.6B.1.2.1.3  Restraints 
 
Where neither of the preceding design approaches is possible, 
protection is provided by pipe restraints to limit pipe movement 
following a rupture and restrict the area affected by the postulated 
failure.  Placement of restraints is based on postulated pipe break 
locations.  The design of the restraints for these locations limits 
pipe whip and jet impingement to acceptable levels, thereby preventing 
damage to essential equipment.  The design of pipe rupture restraints 
is described in Section 3.6B.2. 
 
3.6B.1.3  Safety Evaluation 
 
3.6B.1.3.1  Operability of Systems 
 
The operability of a component following a postulated piping failure 
may be dependent on one or more of the following assumptions in 
addition to consideration of the effects of the failure. 
 

1. Single failure application 
 

In addition to the postulated piping failure and its 
effects, the most limiting single active failure (Section 
3.1.1) must be assumed in essential structures, electrical 
and controls components, or fluid systems when 
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(a) A plant shutdown is required as a result of the 
postulated piping failure and its effects, or 

 
(b) The essential structures, electrical and controls 

components, or fluid systems are necessary to mitigate 
the consequences of the postulated piping failure and 
its effects. 

 
If neither (a) nor (b) are applicable, then a single active 
failure need not be postulated.  However, the effects of the 
postulated piping failure must then be limited to prevent a 
complete loss of safe shutdown function, that is, loss of 
redundancy is permitted. 
 
For all piping failures postulated to occur in one redundant 
train of a high or moderate energy essential fluid system, 
i.e., "dual purpose" nuclear safety-related system (Table 
3.6B-2), a single active failure in the redundant train is 
not assumed provided the system is designed,  constructed, 
operated, and inspected to Seismic Category I, Safety Class 
1, 2, or 3, and QA Category I requirements. 

 
2. Loss of offsite power (Loop) 

 
A LOOP is  considered to occur if the direct consequence of 
the postulated piping failure, or its effects, results in a 
trip of the turbine generator system or reactor protection 
system.  A LOOP, when assumed, is considered to occur 
coincident with the postulated piping failure and is not 
part of the single failure criterion.  Also, only essential 
components which do not depend on offsite power sources 
alone can be considered available, provided the failure and 
associated effects including single failure do not affect 
its operability. 

 
3. Seismic event 

 
Credit for mitigating the consequences of a postulated event 
may be taken only for those systems and components designed 
to Seismic Category I requirements. 
 
To mitigate the effects of potential flooding of the cable 
vault air conditioning unit enclosure at elevation 718 ft-6 
in, the installed building floor drain system is employed.  
Although not designed to Seismic Category I requirements, 
the drainage line is embedded in the concrete mat of the 
Seismic Category I cable vault structure and terminates in 
an open sump containing safety-related, redundant, Class lE 
level instrumentation.  Periodic surveillance will be 
employed to ensure that an available flow path exists 
through this portion of the drainage system. 

 
All available systems, including those actuated by operator actions, 
are employed to mitigate the consequences of a postulated event.  In 
judging the availability of systems, the postulated failure and its 
direct consequences, unit trip, LOOP, and the assumed single active 
component failure and its direct consequences are taken into account.  
With regard to 
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determining the components to be protected, only those components 
required to function for the three design criteria listed under 
Section 3.6B following a specific break are evaluated for potential 
effects and protection/operability ensured.  The feasibility of the 
operator taking action is judged on the basis of availability of ample 
time and adequate access to equipment for performing the proposed 
actions.  Regulatory Guide 1.62 and ANSI N660 were used in evaluation 
of the feasibility of operator action. 
 
3.6B.1.3.2  Failure Modes and Effects 
 
When analyzing breaks in high-energy piping systems, cracks in 
moderate-energy piping systems, and the consequent failure modes and 
effects (for example, pipe whip, jet impingement, and environmental), 
their sources and targets must be considered.  The source consists of 
the pipe which is postulated to fail and the resulting dynamic effects 
of the failure.  The target consists of structures, systems, and 
components considered essential for shutting down the plant safely, 
maintaining the safe shutdown, maintaining acceptable offsite doses, 
and mitigating the effects of the postulated pipe failure. 
 
Interactions between sources and targets are analyzed individually to 
determine how each affects essential equipment in the area of the 
source.  Interactions include pipe whip, jet impingement, and 
environmental effects. 
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3.6B.1.3.2.1  Pipe Whip 
 
Break locations in piping systems are determined as described in 
Section 3.6B.2.1.  Pipe whip analysis to define forcing functions and 
pipe responses is described in Section 3.6B.2.2.  The effects of a 
particular piping failure are evaluated for each target which is 
essential to mitigate the effects of the specified failure.  This 
evaluation is based on the location of the break and the forces 
generated by the whipping pipe.  The targets impacted by the pipe are 
either designed to withstand these forces or are protected by rupture 
restraints as described in Sections 3.6B.2.3.1 and 3.6N.2.3.4.  (See 
special cases addressed in Section 3.6B.1.3.2.3.) 
 
3.6B.1.3.2.2  Jet Impingement 
 
The blowdown forces are calculated (Section 3.6B.2.2), and the 
location and direction of the resulting jet of fluid determined for 
each piping failure which could affect an essential target.  Essential 
targets impacted by the fluid must either be designed for these jet 
forces or shielded as discussed in Section 3.6B.2.3.  (See special 
cases addressed in Section 3.6B.1.3.2.3.) 
 
3.6B.1.3.2.3  Interaction With Pipe Targets 
 
An unrestrained whipping pipe is considered capable of causing 
circumferential and longitudinal breaks, individually, in impacted 
pipes of smaller nominal pipe size and developing through-wall cracks 
in equal or larger nominal pipe sizes with thinner wall thickness.  
The impact into pipes of equal or larger nominal pipe sizes and wall 
thicknesses is considered inconsequential and is not evaluated. 
 
In all cases, the effects of jet impingement are less severe than the 
corresponding pipe whip impact.  (In the limiting case of no clearance 
between the broken pipe and target pipe, the impact force equals the 
total thrust force and is localized whereas the jet force is less, 
being moderated by a shape factor, and is distributed.  As the gap 
increases the whip impact is enhanced, but the jet forces diminishes 
and becomes more diffuse.)  Therefore, jet impingement on pipes of 
equal or larger nominal pipe size and wall thickness is considered 
inconsequential and is not evaluated.  In all other cases the jet 
interaction is either avoided or the target pipe and its supports are 
evaluated for the jet load using faulted allowables. 
 
3.6B.1.3.2.4  Environmental Effects 
 
The environmental effects of postulated pipe breaks and cracks are 
established as design basis environmental conditions for safety-
related components in these areas and are included as environmental 
qualification criteria for these structures and equipment.  Section 
3.11 describes the environmental qualification of safety components.  
The determination of pipe break environments are not dependent on 
postulated break locations determined by the criteria in Section 
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3.6B.2.  Environmental conditions are determined by postulating a high 
energy pipe break or moderate energy pipe crack at any location which 
results in the worst environment affecting safety-related components.  
The following environmental effects are considered. 
 
 Fluid Spray 
 
Essential equipment and components located proximate to high- and 
moderate- energy fluid systems are designed to withstand the most 
severe environmental conditions resulting from fluid spray without 
loss of safety function.  The most severe environmental conditions 
resulting from fluid spray are: 
 

1. Humidity of 100 percent, 
 
2. Maximum expected temperature due to the ruptured fluid 

system, and 
 
3. Water of specified worst-case chemistry spraying equipment or 

components. 
 
 Internal Flooding 
 
Compartments and areas containing essential equipment and components 
are examined for flooding potential.  Flooding height is based on the 
particular arrangement of a cubicle with regard to hydraulic boundary, 
available volume to be flooded, the leak rate from the piping failure, 
and the time required to detect and isolate the leak.  No operator 
action is considered until 30 minutes has elapsed from the initiation 
of the pipe failure with the exception of the main feedline piping 
failure in the service building.  Service building flood heights are 
based on a 10 minute operator response time to trip the main feed 
pumps for event termination.  Compartment wall structural integrity is 
maintained when subjected to the hydrostatic head resulting from the 
calculated flood level. 
 
 Pressure/Temperature Rise in Compartments 
 
The pressure and temperature rise in compartments outside containment 
is calculated based on the maximum operating fluid conditions in the 
pipe which fails, the available vent area in the cubicle, and the size 
and arrangement within the cubicle.  Pipe failure locations are 
assumed at those points which result in the most adverse environment 
for safety components inside the cubicle.  The results of the pressure 
calculations indicate the differential pressure design and whether 
sufficient vent area is provided for building compartments.  Maximum 
calculated temperatures and pressures are used to determine  essential 
equipment qualification requirements (Section 3.11). 
 
3.6B.1.3.2.5  Specific Protection Criteria - Pipe Targets 
 
In evaluating interactions between secondary system sources and 
targets, propagation of damage is permitted to occur under certain 
conditions.  The following criteria  shall be adhered to in addition 
to any criteria specified in Section 3.6N.2.3.2. 
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1. Steam and Feedwater System Breaks: 
 

a. A steam or feedwater line break shall not propagate to a 
loss of coolant break. 

 
b. Damage to any high head safety injection lines (LOCA or 

non-LOCA) must be prevented. 
 
c. Damage to any portion of the auxiliary feedwater lines 

supplying the intact steam generators must be prevented. 
 

d. Damage to auxiliary feedwater piping of the affected 
steam generator is allowed downstream of the cavitating 
venturi (2FWE*FE101A, B, C) on the associated FWE line 
but is not allowed for the venturi and all upstream FWE 
piping, since FWE flow to the intact steam generators 
depends on the restriction effect of the venturi on the 
flow to the affected steam generator. 

 
e. A steam or feedwater line break is not allowed to 

propagate to any line connected  to the intact steam 
generators which has a larger cross-sectional area than 
2.5 sq. in. 

 
f. A steam or feedwater line break is allowed to propagate 

to any line connected to the affected steam generator 
except as limited in paragraph (d) above. 

 
2. Steam Generator Blowdown (BDG) Breaks 

 
BDG line breaks must follow the same criteria as specified 
for steam and feedwater system breaks with the following 
additional requirements. 

 
a. A steam generator blowdown break occurring in a line 

outside containment is allowed to propagate to the 
blowdown lines connected to the intact steam generators.  
This is allowed provided the break or its consequences 
does not prevent the closing of the below listed valves: 

 
2BDG*AOV101A1, AOV101A2 
2BDG*AOV101B1, AOV101B2 
2BDG*AOV101C1, AOV101C2 
 
2BDG*AOV103A and B are used to assure isolation of high 
energy sources in the turbine building from reaching the 
pipe tunnel and cable vault areas. 
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b. A BDG break inside containment either upstream or 
downstream of the valves listed above cannot be allowed 
to propagate to the BDG lines of the intact steam 
generators unless the 2.5 sq. in. criterion in 1.e. 
above applies. 

 
c. A BDG break inside containment cannot be allowed to 

propagate to the BDG containment penetration, isolation 
valves and interconnecting piping (i.e. piping inside 
and outside containment) for the intact steam 
generators.  This is required in order to ensure 
adequate auxiliary feedwater supply to the intact steam 
generators unless the 2.5 sq. in. criterion in l.e above 
applies. 

 
3.6B.1.3.3  Results of Analysis 
 
3.6B.1.3.3.1  Pipe Whip/Jet Impingement Results 
 
For all high energy-lines outside containment, each postulated break 
type and orientation is investigated to determine if the unrestrained 
whipping of severed pipe could impact and damage any safety 
components.  Jet impingement from the severed pipe was also 
considered. 
 
 Main Steam Valve House 
 
Piping in the main steam valve house (MSVH) includes the main steam 
and feedwater headers, the  various branch lines from these headers 
such as the steam vent/relief lines, and other small diameter lines, 
such as steam drains and primary plant gas supply lines, not connected 
to the main headers. 
 
The main steam and feedwater headers from the containment wall up to 
the main steam isolation valves and feedwater isolation valves and all 
branch lines, from these headers up to the first isolation valve on 
each branch are designed according to the "break exclusion" criteria 
described in Section 3.6B.2.1.2.1.  Therefore, no pipe whip/jet 
impingement need be considered from these lines.  The other small 
diameter lines, not connected to the main steam or feedwater lines, 
were elevated for pipe whip/jet impingement effects on safety-related 
equipment based on postulated break locations.  These lines are 
separated from any essential safety components; therefore, breaks in 
these lines do not affect the safe shutdown capability of the plant. 
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 Cable Vault and Rod Control Area (pipe tunnel at el 718-feet 6 
inches) 

 
Breaks in the auxiliary steam line and the steam generator blowdown 
(BDG) lines result in jet impingement or pipe whip effects on the 
containment wall, a service water supply valve for the containment air 
recirculation coolers, and the outside containment isolation valves on 
the BDG lines of all three steam generators. 
 
The loads on the containment wall are accommodated within those 
allowable (Section 3.8.1) for the containment. 
 
The service water supply valve experiences jet impingement which could 
affect containment cooling.  No pipe whip effects are experienced by 
this service water supply valve.  However, the calculated loads on the 
valve from the jet impingement of a ruptured auxiliary spray line are 
negligible.  The outside containment isolation valves on the BDG lines 
may be damaged due to both pipe whip and jet impingement; however, two 
valves are provided on each line inside containment to provide 
isolation of the steam generator pressure boundary.  These valves are 
automatically closed as described in Section 3.6B.1.3.4.3. 
 
 Service Building 
 
The steam drain piping and main steam and feedwater headers are 
physically separated from any safety-related targets and no adverse 
pipe whip/jet impingement effects occur in this building. 
 
 Safeguards Building 
 
There are no normally pressurized high energy pipes in this building. 
 
 Auxiliary Building 
 
High-energy pipe breaks are postulated in the chemical and volume 
control system (CHS), auxiliary steam system (ASS), boron recovery 
system (BRS), and gaseous waste system (GWS). 
 
All safety-related components are physically separated from the breaks 
postulated in the ASS, BRS, and GWS.  Breaks in the CHS outside 
containment occur in either charging pump discharge lines or letdown 
piping upstream of the letdown heat exchanger.  Neither of these types 
of breaks possess enough energy following the break to produce 
significant pipe whip or jet impingement effects.  Charging pump 
runout and the pressure drop effects of the letdown orifices 
immediately reduce the blowdown driving force after the break.  
Therefore, no adverse effects on safety components occur following CHS 
breaks. 
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3.6B.1.3.4  Environmental Effects 
 
3.6B.1.3.4.1  Fluid Spray 
 
Fluid spray is assumed to wet the entire cubicle from a postulated 
piping failure near safety-related equipment.  With humidity of 100 
percent assumed inside the cubicle, the maximum temperature following 
the failure is calculated as described in Pressure/Temperature Rise as 
follows.  Section 3.11 tabulates the environmental conditions in each 
area following a postulated piping failure. 
 
3.6B.1.3.4.2  Internal Flooding 
 
Each area which contains safety-related components has been evaluated 
for potential flooding due to piping failures, ruptures of large 
tanks, post- accident passive failures in a fluid system pressure 
boundary or inadvertent actuation of fire water spray/sprinkler 
system.  The following design features protect safety components: 
 

1. Redundant components are located in hydraulically separate 
areas.  For example, the safeguard building is separated into 
two areas, each housing the low head safety injection (LHSI), 
auxiliary feedwater, and quench spray pumps of one safety-
related flow path. 

2. Wherever possible, safety components are located above the 
maximum internal flood level.  For those components which 
could be affected by internal floods, sufficient system 
redundancy is provided to ensure availability of the required 
safety function, or the components are qualified for 
submergence. 

3. Safety-related monitoring instrumentation in building sumps 
and fluid systems is provided to alert the operator of 
failures resulting in flooding conditions (for example, tank 
level, pump flow and pressure, sump levels). 

4. Isolation valves are provided on all piping connected to 
large tanks which, although located outside safety-related 
structures, could flood the buildings due to failures in 
piping.  Tanks located within safety structures are assumed 
to fail and flood the affected areas. 

 
The flooding analysis for those areas where fluid system piping is 
located close to safety components is discussed subsequently, 
including the specific cause for the highest flood level in these 
areas.  The resulting flood levels are provided in the Equipment 
Qualification Report under the accident conditions for the applicable 
area.  All other areas containing safety components do not have fluid 
system piping in the same area and, therefore, are not discussed 
further.  The flooding analysis for the auxiliary building and cable 
vault areas considers a double ended rupture of the main feedwater 
line on elevation 780'-6" of the service building as the governing 
flooding condition.  However, when applying the criteria of Section 
3.6.2, it is only necessary to consider a crack in this piping. The 
Environmental Qualification Report contains the flood heights for a 
double ended rupture event as this yields conservative results. 
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Below el 735 feet-6 inches, the auxiliary building arrangement 
provides two separate areas which could be flooded independently of 
one another.  A wall separates the portion of the building below el 
735 feet-6 inches into a north and a south cubicle.  Since most floods 
above this elevation will drain through floor grating, stairways, pipe 
chases, etc, to the lower cubicles, pipe/tank failures in the upper 
elevations were included in the flood analysis of the north and south 
cubicle below el 735 feet-6 inches.  The source of the highest flood 
level in the north cubicle is a moderate energy pipe crack in a 36-
inch diameter service water line.  In the south cubicle, the source of 
the highest level is a double-ended rupture of a main feedline 
occurring on el 780'-6" of the service building which drains to the 
lower elevation of the auxiliary building. 
 
Elevations 735 feet-6 inches and above are comprised of general areas 
and equipment cubicles which were analyzed separately.  Water from any 
system failure in the general area or component cooling water pump 
area on el 735 feet-6 inches will drain to lower elevations.  The 
charging pump cubicle is subject to flooding to the curb height from a 
high energy pipe break in a 3-inch diameter chemical and volume 
control system line.  Excess water would overflow the curb and drain 
to lower elevations. 
 
On el 755 feet-6 inches, a double-ended rupture of a main feedline 
occurring on el 780'-6" of the service building produces the limiting 
flood level in both the general area and the HVAC cubicle.  Boric acid 
tank ruptures account for the highest flood level in each of the boric 
acid tank cubicles.  The volume control tank cubicle is subjected to 
flooding from a moderate energy pipe crack in a 4 in diameter charging 
system line.  The highest flood levels in the boric acid transfer pump 
cubicles are caused by passive failures, postulated to occur post-
accident and consisting of a 50 gpm leak for 30 minutes (Section 3.1.1 
discusses passive failures). 
 
In the general area of el 773 feet-6 inches, a double-ended rupture of 
a main feedline occurring on el 780' -6" of the service building 
produces the limiting flood height.  Rupture of the component cooling 
water surge tank produces the highest flood height in the surge tank 
cubicle. 
 
Suction lines running from the refueling water storage tank, located 
in the yard, to components inside the auxiliary building have 
isolation valves to prevent the entire tank contents  from flooding 
the building.  Failures (moderate energy cracks) of these suction 
lines were considered assuming 30 minutes for break termination.  
These failures were not the most limiting case in either area. 
 
Safety-related, Class lE, redundant level instrumentation is provided 
in the sump in the south area of the building to detect a high water 
level and alert the operator.  High level alarms are provided in the 
control room.  Since the north area could flood to above the dividing 
wall without affecting safety components, and once above the wall 
would spill into the south area and be detected, no instrumentation 
need be provided in the north area. 
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 Safeguards Building 
 
The safeguard building at el 718 feet-6 inches is separated into two 
separate areas, north and south, each containing the LHSI quench 
spray, and auxiliary feedwater pumps of one redundant flow path. These 
north and south areas include a sump which has a safety-related, Class 
lE, level instrument providing a high level alarm in the control room. 
 
There are relatively few pipes in the safeguards building which are 
normally pressurized.  The source of the highest flood level in the 
north and south pump cubicles is a moderate energy pipe crack in the 
safety injection pump suction line from the RWST.  The LHSI, quench 
spray, and auxiliary feedwater pumps in each area are located above 
the highest flood level. 
 
The portion of the safeguards building closest to the containment 
houses the four recirculation spray pumps.  Each pump is in a separate 
area from el 690 feet-11 inches down.  From el 690 feet-11 inches up 
to el 697 feet-6 inches, the four pumps are in one open area.  This 
area also contains the pump suction valves (2RSS*MOV155A,B,C,D).  
Above el 697 feet-6 inches, the four pumps are in separate areas. 
 
Flooding in the recirculation spray pump areas was considered in two 
parts, above el 718 feet-6 inches where the pump motor is located, and 
below el 697 feet-6 inches where the pump suction valves are located.  
These two areas are hydraulically separate (that is, a flood in the 
upper area cannot reach the lower area).  The source of the highest 
flood level in the upper area is a passive failure.  Only one 
recirculation spray pump cubicle is affected by this failure.  This 
failure mode and flood height is typical for the four upper cubicles.  
The pump motors are located well above the highest flood level. 
 
The lower area of the pump cubicle is common to all four pumps.  All 
piping in this area is not normally pressurized.  Since all these 
lines are designed as Safety Class 2, Seismic Category I, and QA 
Category I, and are pressurized only during accident conditions, only 
a passive failure is considered.  This failure floods the area around 
the pump column up to el 689 feet-4 inches.  There is no adverse 
effect on pump operability from immersing the pump column in water.  
The motors of the pump suction valves (2RSS*MOV155A,B,C,D) are located 
well above el 689 feet-4 inches. 
 
Redundant safety-related Class lE level instruments are provided at el 
690 feet-11 inches by locating one instrument powered from one Class 
lE bus in each of the two sumps at this elevation. 
 
The turbine-driven (TD) auxiliary feedwater pump cubicle is subject to 
flooding from a moderate energy pipe crack in the safety injection 
pump suction line from the RWST.  The TD auxiliary feedwater pump is 
located above the flood level. 
 
The safeguards building above el 738 feet-6 inches houses the hydrogen 
analyzers and safety-related air conditioning units in separate 
cubicles.  Safety-related motor control centers (MCCs) are also 
located in these areas.  There is no fluid system piping in the 
hydrogen recombiner or analyzer cubicles which is normally 
pressurized.  The source of flooding in the air conditioning and MCC  
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cubicles is a moderate energy crack in the service water piping to the 
air-conditioning units.  The air-conditioning units and MCC are 
located above the highest flood level. 
 
 Cable Vault and Rod Control Area 
 
The cable vault and rod control area houses safety-related valves and 
piping which penetrate the containment and run between other safety-
related areas.  The source of the highest flood level at el 718 feet-
6 inches is a moderate energy crack in an 18-inch primary plant 
component cooling water line.  All safety-related valves and 
electrical/control equipment are located above the highest flood 
level.  Safety-related, redundant, Class lE level instruments are 
located in the sump at el 718 feet-6 inches to alarm in the control 
room at high level.  The shielded cubicle at el 718 ft-6 in is 
subjected to flooding from a letdown line high energy pipe break.  The 
cooling water lines in the ACU enclosure at this elevation have been 
crack excluded by demonstration that stress levels in the piping are 
below the limits established in BTP MEB 3-1, to preclude the flooding 
potential in this cubicle.  Leakage from mechanical joints is handled 
by the installed building floor drains. 
 
The highest flood level at el 735 feet-6 inches is due to a moderate 
energy pipe crack in a 4-inch diameter fire water line.  At el 
755 feet-6 inches, water from a main feedwater high energy line break 
in the service building drains via a stairwell to lower elevations.  
The fire protection-water lines in the alternate shutdown panel room 
at el 755 feet-6 inches have been crack excluded so no flooding 
potential exists in this area.  The highest flood level at el 773 
feet-6 inches is from a main feedwater high energy line break in the 
service building. 
 
 Intake Structure 
 
The intake structure is shared between Beaver Valley Power Station - 
Unit 1 (BVPS-1) and Beaver Valley Power Station - Unit 2 (BVPS-2).  It 
has four separate cubicles, three of which contain one of the BVPS-2 
service water pumps.  The pump motors and all piping are located above 
the operating deck in each cubicle, which is capable of being sealed 
to protect against external floods. 
 
The postulated piping failure, which causes the highest flood level 
above the operating deck, is a moderate energy crack in a 30-inch 
service water line.  The service water pump motor in the affected 
cubicle would then be inoperable.  However, three service water pumps 
are provided (Section 9.2).  One service water pump is sufficient for 
emergency shutdown and loss of one pump during normal operation does 
not require immediate plant shutdown.  The Technical Specifications 
(Chapter 16) govern the length of time BVPS-2 can operate with one of 
the redundant service water flow paths out of service.  The length of 
time allowed is sufficient for the operator to align the third (spare) 
service water pump electrically and hydraulically to the flow path of 
the inoperable pump.  As discussed in Section 3.6B.1.3.1, Single 
Failure Application, single failure of the operating service water 
pump during this scenario need not be assumed because the service 
water system (SWS) (moderate energy) is designed to QA Category I and 
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Seismic Category I standards and the pumps are powered from the Class 
lE buses.  Therefore, loss of one pump due to flooding has no adverse 
safety considerations. 
 
Since the intake structure pump cubicles are shared between BVPS-1 and 
BVPS-2, internal flooding concerns have been evaluated.  The external 
flood protection doors leading into each intake structure pump cubicle 
are normally open with their associated security/fire doors normally 
closed.  The interconnecting flood protection doors that are located 
between the pump cubicles are normally closed with their seals 
depressurized, along with their associated security/fire doors 
normally closed.  These door seals will be pressurized in the event of 
an external flood or for seal testing purposes.  This arrangement is 
designed to protect the interconnecting cubicles from the consequences 
of a major pipe rubber expansion joint failure.  For piping failures 
in systems other than service water, a single failure of the Service 
Water System is then considered.  The Standby Service Water System is 
designed for automatic operation in the short term following the 
break. 
 
 Main Steam Valve House 
 
The MSVH contains safety-related components required for steam and 
feedwater isolation, which are located in one area at el 773 feet-
6 inches.  The source of the highest flood level in this area is a 
moderate energy pipe crack in a 4-inch service water line.  As 
discussed in Section 3.6B.1.3.4.3, a nonmechanistic break is 
postulated with regard to determining environmental conditions, which 
will result in a steam release to the cubicle following a piping 
failure.  Other small diameter lines in the area are also high energy 
for which breaks are postulated resulting in steam release.  No 
significant flood levels are experienced from any of these breaks 
since the steam release to the cubicle results in a pressure increase 
and a major portion of the released mass is vented through openings in 
the cubicle to reduce pressure. 
 
 Service Building 
 
The service building houses safety-related electrical/control 
components associated with many different safety functions.  These 
components are located between el 730 feet-6 inches and el 780 feet-
6 inches.  No piping is run in these areas except for a vertical pipe 
chase in the southeast corner of the building and domestic water lines 
to the safety showers on el 730 feet-6 inches and el 760 feet-
6 inches.  A pipe failure of any pipe in the chase will flood only the 
vertical chase and the horizontal pipe tunnel which runs below the 
building.  A crack in a high energy main feedwater line on the top 
floor of the service building drains down to lower elevations and 
produces the limiting flood height in each area.  No safety-related 
electrical switchgear equipment located on el 730 feet-6 inches is 
potentially affected by the resultant flood height.  Flood heights are 
based on 10 minute operator action time to trip the main feedwater 
pumps following a reactor trip due to low-low steam generator level. 
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 Diesel Generator Building 
 
The diesel generator building is separated into two areas, each 
housing one emergency diesel generator and its associated auxiliary 
system and electrical/control equipment.  The cubicles are 
hydraulically separate and a flood from a moderate energy pipe crack 
in an 8-inch diameter chilled water line in one area affects only one 
emergency diesel generator.  Plant shutdown would not be immediately 
required as a result of the failure and Technical Specifications 
govern the length of time during which the plant could continue 
operation.  One diesel generator is sufficient to shutdown the plant 
when required by Technical Specifications. 
 
 Control Building 
 
The only safety-related components in the control building which are 
located near fluid system piping subject to moderate or high energy 
failures are the air-conditioning and ventilation components.  These 
components are located in a common area separate from the remainder of 
the control building.  Service water piping is the only fluid system 
in the area and is used for cooling these safety-related components.  
The service water system piping has been crack excluded by 
demonstrating that the stress levels are below the limits established 
in BTP MEB 3-1, in this area to preclude flooding of the HVAC 
equipment used to assure control room habitability.  Leakage from 
mechanical joints can be accommodated by the control building's 
seismic floor drain system. 
 
 Valve Pits 
 
Safety-related valves on SWS piping running outside of the major 
buildings are located in valve pits which are concrete enclosures 
sealed to exterior flooding.  Redundant valves of the SWS are located 
in separate pits which are sealed from one another such that a flood 
in one pit cannot affect the valves of a redundant pit.  As discussed 
in Section 3.6B.1.3.1 Single Failure Application, single failure of 
the redundant valves need not be assumed since the SWS (moderate 
 



 BVPS-2 UFSAR Rev. 0 

3.6-13 

energy) is Safety Class 3, Seismic Category I and powered from the 
Class lE bus. 
 
 Fuel Building 
 
The fuel pool cooling pump cubicles (el 729 feet-6 inches) are subject 
to flooding.  The limiting flood source is a moderate energy pipe 
crack in a 6-inch diameter primary component cooling water line.  In 
the event that the fuel pool cooling pumps are rendered inoperable, a 
Seismic Category I source of fuel pool makeup water is provided from 
the service water system. (Refer to Section 9.1.3). 
 
3.6B.1.3.4.3  Pressure/Temperature Rise 
 
A detailed thermal hydraulic analysis determines the maximum pressures 
resulting from high energy line breaks.  These pressures and 
temperatures are used for safety-related equipment environmental 
qualification discussed in the Equipment Qualification Documentation 
Report.  The analysis was done as follows: 
 

1. The location of all safety-related equipment requiring 
environmental qualification and the routing of all high 
energy lines are identified. 

 
2. These locations are evaluated to determine which high energy 

line breaks could affect the ambient environment at the 
equipment location.  All possible venting paths of steam from 
an area containing a high energy line to an area containing 
safety-related equipment are identified. 

 
3. Ambient pressure/temperature transients are calculated for 

all safety-related equipment locations based on the various 
break sizes and break locations which could affect a specific 
area. 

 
4. The calculated transients initially assume that the break 

release lasts for between 10 and 30 minutes unless the 
available water inventory is exhausted prior to 30 minutes, 
or unless it is determined that the operator can identify and 
isolate the ruptured line in less than 30 minutes.  Some main 
steam line breaks are assumed to be isolated as soon as 10 
minutes.  These initial transients are reviewed against 
equipment qualification requirements and structural 
differential pressure design. If unacceptable, automatic 
isolation of the breaks was implemented into the plant design 
to result in acceptable environments.  All equipment to 
achieve isolation is considered Class lE, safety-related and 
is designed in accordance with ASME Class III, QA Category I, 
and Seismic Category I. 

 
5. Assumptions used in the analysis are: 

a. Initial building temperature is the maximum expected 
during normal plant operation (Tables I and II, Appendix 
A, Equipment Qualification Documentation Report). 
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b. The effect of building heat sinks, primarily concrete, 
is included. 

 
c. The pipe breaks are assumed to occur anywhere along the 

piping run.  The worst location with regard to effects 
on safety-related equipment was chosen. 

 
6. Safety-related building ventilation exhaust is incorporated 

in the model.  It has a positive effect in reducing 
environmental transients in the auxiliary building (el 710 
feet-6 inches through  el 755 feet-6 inches) and cable vault 
(el 718 feet-6 inches). 

 
7. The calculated pressure transients are compared to the design 

capacities for Seismic Category I structures, determined in 
accordance with Sections 3.8.3 and 3.8.4 to ensure that 
building integrity is not compromised. 

 
All buildings containing Class lE, safety-related equipment were 
evaluated; however, there are no high energy lines in the following 
buildings or portions of buildings. 
 

1. Control building 
2. Safeguards building 
3. Service building (All elevations except el 780 feet-6 

inches) 
4. Cable Vault/rod control (All elevations except el 718 

feet-6 inches) 
5. Intake structure 
6. Diesel generator building 
7. Fuel and decontamination building 
8. Valve pits 

 
The remaining buildings or portions of buildings are discussed 
subsequently.  The specific temperature-pressure transients are given 
in the Equipment Qualification Documentation Report. 
 
 Main Steam Valve House 
 
Although the main steam and feedwater piping in the MSVH is designed 
to "break exclusion" criteria of Section 3.6B.2.1.2.1, the 
environmental conditions resulting from up to a maximum of a one 
square foot area break in a main steam line are calculated.  This 
break size conservatively envelopes all branch lines in the MSVH.  The 
MSVH is considered a homogeneous area such that the pressure-
temperature rise is relatively constant over the entire area.  
Blowdown from the break assumes that the affected steam generator is 
emptied out by the break and that blowdown continues after that time 
from the addition of auxiliary feedwater to the affected steam 
generator.  Isolation of auxiliary feedwater occurs about 10 minutes 
after the steam generator reaches the MSIV isolation setpoint 
pressure.  Vent panels are in the walls of a structure located near 
the MSVH roof.  The vent panels, when in the closed position, will 
automatically open upon pressure increase inside to reduce pressure 
following the most limiting break to a value which is less than the 
design 
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capacity of the structure, determined in accordance with Sections 
3.8.3 and 3.8.4.  The calculated pressure temperature transient is 
shown on Figures IIA and B, Appendix A of the BVPS-2 Equipment 
Qualification Documentation Report. 
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 Cable Vault and Rod Control Area (pipe tunnel at el 718 feet-6 
inches) 

 
The building arrangement at this elevation includes walls and doorways 
such that this elevation is separated into three areas (Figure IX, 
Appendix A, of the BVPS-2 Equipment Qualification Documentation 
Report) each with different environmental transients.  However, the 
Air Conditioning Units cubicle contains no high energy lines, is 
sealed from the general area, and, therefore, is not included in this 
analysis.  Vent paths between the other two areas are included in the 
calculation. 
 
The high energy lines located in these areas are part of the BDG, CHS, 
and safety injection system.  The analyses result in the most limiting 
environment as an envelope of short- and long-term environments.  In 
the short-term, the limiting environment is due to a break of any one 
of three BDG lines directly connected to the steam generators.  In the 
long-term, the source of the limiting environment is a letdown (CHS) 
line break.  Due to the high energy of the blowdown fluid in the BDG 
lines, automatic isolation is required.  Redundant, Class lE, QA 
Category I temperature sensors and switches will automatically close 
redundant isolation valves located inside containment on each BDG line 
from the steam generators.  The design of the sensors, switches, 
control circuits and isolation valves ensure that isolation occurs 20 
seconds after the area temperature reaches 120°F.  Also, AOVs are used 
to isolate the feedwater supply in the turbine building from the cable 
vault and pipe tunnel areas within 10 seconds.  A letdown line break 
is detected by the operator and manually isolated within 15 minutes of 
the break as discussed in UFSAR Section 15.6.2.  A vent panel is also 
provided in the wall of the pipe tunnel which automatically opens as 
pressure rises to reduce pressure following the most limiting break to 
a value which is conservatively less than the design capacity of the 
structure, determined in accordance with Sections 3.8.3 and 3.8.4.  To 
reduce maximum pressure seen in this area, a "jail-house type" door is 
installed between the cable vault and auxiliary building.  The 
calculated temperature-pressure transient is shown on Figure X, 
Appendix A of the Equipment Qualification Documentation Report. 
 
 Auxiliary Building 
 
The auxiliary building is separated into 30 specific areas based on 
the arrangement of walls, doorways and safety equipment.  Vent paths 
between these areas are also considered.  Figures III through VII, 
Appendix A of the Equipment Qualification Documentation Report show 
the areas. 
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The high energy lines in this building are part of the ASS, BRS, GWS, 
and CHS.  Breaks in all systems, except GWS, contribute to the 
limiting pressure/temperature transients.  A break in the main ASS 
header is required to be automatically isolated, because of the high 
environmental temperature that would result from the continued release 
of effluent from this system.  The location of redundant isolation 
valves is outside the auxiliary building and isolation occurs 25 
seconds after the temperature in any one area reaches 120°F.  (NOTE:  
20 seconds for valve stroke time plus 5 seconds for sensor response 
time.)  A break in a BRS line connected to either of the degasifiers 
causes the entire contents to be released.  A break of a 2 inch 
letdown line is manually isolated within 15 minutes of the break as 
discussed in Section 15.6.2.  The resulting differential pressures 
given in Appendix A of the Equipment Qualification Documentation 
Report are less than the design capacity of the structure, determined 
in accordance with Sections 3.8.3 and 3.8.4. 
 
 Service Building 
 
A multi-node thermal hydraulic model of the service building is 
developed for the analysis.  The main steam system (MSS) lines run 
through elevation 780 feet-6 inches and the most limiting environment 
occurs  from  a postulated break in one of the MSS headers.  A MSS 
double-ended rupture and a longitudinal break are postulated to 
develop the most limiting environment for elevations 780 feet-6 
inches, 760 feet-6 inches, and 745 feet-6 inches of the service 
building.  The pressure-temperature transient is shown on Figures XIA 
B, C, and D, Appendix A of the Equipment Qualification Documentation 
Report.  The resulting differential pressures are less than the design 
capacity of the Seismic Category I structure, determined in accordance 
with Sections 3.8.3 and 3.8.4.  Analysis indicates that if non-seismic 
Category I portions of the structure fail, no adverse effects on 
adjacent Seismic Category I structures or components will occur.  The 
resulting pressure transient for the longitudinal break is less severe 
than the double-ended rupture.  A blowout panel to the atmosphere is 
installed to relieve the pressure so the harsh environment does not 
spread into adjacent areas containing safety-related equipment 
required for this event. 
 
3.6B.1.3.5  Quality Assurance and Inspection 
 
The quality assurance program described in Chapter 17, and the 
inservice inspection measures, described in Section 6.6.1, minimize 
the potential for a pipe break. 
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3.6B.2 Determination of Break Locations and Dynamic Effects 
Associated with the Postulated Rupture of Piping 

 
3.6B.2.1 Criteria Used to Define Break and Crack Locations and 

Configurations 
 
A combination of conventional methodology (Standard Review plan 
Section 3.6.2) along with an alternative leak-before-break 
(NUREG-1061, Volume 3) approach is used for the provision of 
protection from the mechanistic effects of postulated pipe rupture.  
The alternative approach, also known as leak-before-break (LBB), 
demonstrates that the fluid leakage from a postulated defect at the 
highest stress location concurrent with minimum material properties 
(in terms of normal plus Safe Shutdown Earthquake loads) in a high 
energy piping line can be detected well before the rupture of the 
pipe.  Since LBB uses elastic-plastic fracture mechanics to assess the 
potential for pipe rupture, this approach is consistent with the 
procedural recommendations and analytical criteria found in 
NUREG-1061, Volume 3. 
 
Portions of the reactor coolant system (RCS), residual heat removal 
system (RHR), and safety injection system (SIS) have been exempted 
from consideration of pipe whip and jet impingement effects by the 
application of the Leak-Before-Break Program.  The original BVPS-2 LBB 
analyses consisted of the WHIPJET Program and a separate LBB analysis 
of the main reactor coolant loop piping.  The pressurizer surge line 
was subsequently removed from the WHIPJET scope and qualified for LBB 
as part of surge line reanalysis for IEB 88-11.  Specific lines 
covered by the alternative approach of SRP 3.6.3 (LBB) are listed by 
line number in Table 3.6B-4. 
 
The following subsections describe the criteria used to define break 
and crack locations and configurations.  To ensure that the pipe 
rupture criteria have been, properly implemented, documentation is 
provided which includes the following: 

Figures showing the locations of the postulated pipe ruptures, 
including identification of longitudinal and circumferential breaks, 
structural barriers, restraint locations, and the constrained 
directions for each restraint. 

The requirement for a minimum of two intermediate breaks regardless of 
stress, in Branch Technical Position MEB 3-1 Revision 1, July 1981 
Paragraphs B.1.c(l)(d) and B.1.c(2)(b)(ii), for ASME III Code Class 1 
and Code Classes 2 and 3 piping has been waived per NRC letter dated 
May 21, 1985 for Docket 50-412 for the following exempt high energy 
systems: 

1. Reactor coolant system (not including the primary loop) (RCS) 

2. Hydrogenated drain system (DGS) 

3. Residual heat removal system (RHS) 

4. Safety injection system (SIS) 

5. Main steam system (MSS) 

6. Main feedwater system (FWS) 

7. Auxiliary feedwater system (FWE) 

8. Steam generator blowdown system (BDG) 
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9. Chemical and volume control system (CHS) 

10. Gaseous nitrogen system (GNS) 

11. Auxiliary steam system (ASS) 
 
Note: The requirement for a minimum of two intermediate breaks was 

removed from Branch Technical Position MEB 3-1 when that 
document was revised (Revision 2, June 1987).  The revised BTP 
is endorsed in the Standard Review Plan.  Postulation of 
intermediate breaks, that do not exceed the applicable 
acceptance criteria, is no longer required. 

 
3.6B.2.1.1  Criteria for Inside the Containment 
 
All breaks postulated are systematically analyzed to determine what 
potential damage may occur, due to pipe whip, jet impingement, cubicle 
pressurization, and environmental conditions, to systems and 
structures required for safe shutdown.  Offsite release not exceeding 
the limits specified in 10 CFR 50.67 is also verified.  If the 
potential damage or effects are unacceptable, protection is provided 
by either separation or enclosure, or by the installation of pipe whip 
restraints and jet impingement shields.  Essential instrumentation and 
controls, electrical cabling, and valve operators are either qualified 
to operate or protected, as required, from the environmental effects 
of pipe rupture.  The protection criteria are provided in Sections 
3.6B.1 and 3.6N.2.2.3.  The environmental qualification procedures are 
provided in Sections 3.10 and 3.11. 
 
Design basis break locations and types are postulated as described in 
Sections 3.6B.2.1.1.1, 3.6B.2.1.1.2, and 3.6B.2.1.3. 
 
3.6B.2.1.1.1  Break Locations - ASME Section III Class 1 Piping 
 
The reactor coolant loop piping and large branch line piping have been 
excluded from consideration of dynamic effects associated with 
postulated pipe rupture.   
 
The exemption of the reactor coolant loop piping is in accordance with 
NRC Letter Docket No. 50-412 dated October 11, 1985.  Subsequent 
reanalysis of the reactor coolant loop piping was accepted by NRC 
Letter dated April 8, 1991.  In 2011, the reactor coolant loop LBB 
analysis was revised to incorporate the latest piping loads and 
current operating conditions.   
 
Branch line piping has been excluded by application of various 
analyses as discussed in Section 3.6B.2.1.  This exception to 
NUREG-0800, SRP 3.6.2 is documented for the original analysis in 
Table 1.9-2.  Subsequent reanalysis for the surge line was accepted by 
NRC Letter dated January 18, 1990.  In 2011, the surge line LBB 
analysis was revised to address structural weld overlay of the surge 
to Pressurizer nozzle and the concerns raised by Regulatory Issue 
Summary (RIS) 2010-07, “Regulatory Requirements for Application of 
Weld Overlays and Other Mitigation Techniques in Piping Systems 
Approved for Leak-Before-Break.” 
 
Breaks in all other high-energy ASME Section III, Code Class 1 piping 
are postulated to occur at the following locations in each piping run 
or branch run: 
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1. At terminal ends of the pressurized portions of the runs. 

Terminal ends are extremities of piping runs that connect to 
structures, components (for example, vessels, pumps), or 
pipe anchors.  A branch connection to a main piping run is a 
terminal end of the branch run.  However, if the branch is 
included in the structural model with the main run and if 
the branch has a significant influence on the behavior of 
the main run (that is, similar piping sizes), the branch is 
considered part of the main run. 

2. At intermediate locations between terminal ends selected by 
any of the following criteria: 

a. At any intermediate location between terminal ends where 
the maximum stress intensity range (S), for normal and 
upset plant conditions and for an operating basis 
earthquake (OBE) event transient, exceeds the allowable 
as identified below, when calculated by equation 10 and 
by either equation 12 or equation 13 in paragraph 
NB-3653 of the ASME Code, Section III. 

The allowable is 3.0Sm when the piping analysis is based 
on the BVPS Unit 2 original Code of Record, ASME 
Section III, 1971 Edition through the Winter of 1972 
Addenda, or the ASME codes and addenda prior to Summer 
of 1979 Addenda to the 1977 Edition. 

The allowable is 2.4Sm when the piping analysis is based 
on ASME Section III Code Editions beginning with the 
Summer of 1979 Addenda to the 1977 Edition and including 
all later editions or addenda. 

(Sm is the design stress intensity as specified in 
Section III of the ASME Boiler and Pressure Vessel 
Code.) 

b. At any intermediate locations between terminal ends 
where the cumulative usage factor (U), derived from the 
piping fatigue analysis under the loadings associated 
with OBE and operational plant conditions, exceeds 0.1. 

(U is the cumulative usage factor as specified in 
Section III of the ASME Boiler and Pressure Vessel 
Code.) 

c. If there are no intermediate locations where S exceeds 
the allowable as described above or locations where U 
exceeds 0.1, intermediate breaks are not required. 

3.6B.2.1.1.2  Break Locations - ASME Section III Class 2 and 3 Piping 

Breaks in high-energy ASME Section III, Code Class 2 and 3 piping are 
postulated to occur at the following locations in each piping run or 
branch run: 

1. At terminal ends of the pressurized portions of the runs. 

2. At intermediate locations selected by either of the following 
criteria: 

a. At each pipe fitting (for example, elbow, tee, cross, 
flange, and nonstandard fitting), welded attachment, and 
valve; or 
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b. At each location where the maximum stress range (S), 
associated with normal and upset conditions and an OBE 
event and as calculated from the sum of Equations 9 and 
10 of the ASME Code, Section III, Subsection NC, exceed 
the allowable as identified below: 

 
The allowable is 0.8(1.2Sh + SA) when the original code 
of record for BVPS Unit 2, the ASME Code, Section III, 
1971 Edition up to and including the Winter 1972 Addenda 
is used for piping analysis. 
 
The allowable of 0.8(1.8Sh + SA) may be used if the 
piping analysis is performed using the ASME Code, 
Section III, Winter of 1981 Addenda to 1980 Edition, or 
later editions and addenda. 
 
(Sh is the stress calculated by the rules of Section III 
to the ASME Code, subsection NC-3600 and ND-3600 for 
Class 2 and 3 components, respectively.  SA is the 
allowable stress range for expansion stress calculated 
by the rules of ASME Section III, subsection NC-3600 or 
the USA Standard Code for Pressure Piping, ANSI B31.1) 
 

c. If there are no intermediate locations where S exceeds 
the allowable mentioned above, intermediate breaks are 
not postulated. 

 
3.6B.2.1.1.3  This section intentionally deleted from the UFSAR. 
 
3.6B.2.1.1.4  Separating Structure for High Energy Fluid Systems 
 
If a structure separates a high energy line from an essential 
component, that separating structure is designed to withstand the 
consequences of the pipe break in the high energy line which produces 
the greatest effect at the structure irrespective of the fact that the 
criteria in Section 3.6B.2.1 might not require such a break location 
to be postulated. 
 
3.6B.2.1.2  Criteria for Outside of the Containment 
 
3.6B.2.1.2.1  High-Energy Fluid Systems 
 
The following criteria are used to define break and crack locations in 
high-energy fluid systems outside of the containment. 
 

1. Fluid systems separated from essential structures, systems, 
and components 

 
By plant arrangement, certain high energy lines are isolated 
by barriers or are remote from essential structures, systems, 
and components.  Isolation is demonstrated by the existence 
of barriers capable of containing the effects of a rupture 
and a line is determined to be remote by consideration of the 
distances to targets versus rupture effects.  All of the 
preceding is done on a case by case basis.  Restraint systems 
are not designed for lines determined to be isolated or 
remote. 
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2. Fluid system piping in containment penetration areas 
 

Breaks are not postulated in the following portions of high 
energy piping, designated as break exclusion zones: 

 
a. MSS and FWS main run lines within the Main Steam Valve 

House (MSVH) from the containment penetration to the 
MSVH/Service Building (SB) wall (Refer to Figures 
3.6B-13 and 3.6B-14). 

 
b. All MSS high-energy branch lines within the MSVH.  This 

includes portions of the SDS, SVS, and GNS systems 
(Refer to Figures 3.6B-17a, 3.6B-17b and 3.6B-17c for 
limits of piping in break exclusion zone). 

 
The piping within the break exclusion zones is designed to 
meet the following design requirements: 

 
i. The following design stress limits are not exceeded for 

Class 2 piping: 
 

(a) The maximum stress ranges, as calculated by the sum 
of equations 9 and 10 of the ASME Code, 
Section III, Subsection NC, considering normal and 
upset BVPS-2 conditions including an OBE event do 
not exceed the following limits: 
 
The allowable is 0.8(1.2Sh + SA) when the original 
code of record for BVPS Unit 2, the ASME Code, 
Section III, 1971 Edition up to and including the 
Winter 1972 Addenda is used for piping analysis. 
 
The allowable of 0.8(1.8Sh + SA) may be used if the 
piping analysis is performed using the ASME Code, 
Section III, Winter of 1981 Addenda to 1980 
Edition, or later editions and addenda. 
 

(b) The maximum stresses as calculated by Equation 9 of 
the ASME Code, Section III, Subsection NC under the 
loadings resulting from a postulated piping failure 
of fluid system piping beyond these portions of the 
piping do not exceed the following limits: 
 
The allowable is 1.8 Sh when the original code of 
record for BVPS Unit 2, the ASME Code, Section III, 
1971 Edition up to and including the Winter 1972 
Addenda are utilized for piping analysis. 
 
The allowable based on the lesser of 2.25 Sh and 
1.8 SY may be used if the piping analysis is 
performed using the ASME Code, Section III, Winter 
of 1981 Addenda to 1980 Edition, or later editions 
and addenda. 

 
ii. Welded attachments, for pipe supports or other purposes, 

to these portions of piping are avoided, except where 
detailed stress analysis demonstrates compliance with 
the limits discussed in Section 3.6B.2.1.2.1, item 2.i. 
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iii. The number of circumferential and longitudinal piping 
welds and branch connections are minimized. 

 
iv. The length of these portions of piping is reduced to the 

minimum length practical. 
 
v. The design of pipe anchors or restraints (for example, 

connections to containment penetrations and pipe whip 
restraints), does not require welding directly to the 
outer surface of the piping (for example, fluid 
integrally forged pipe fittings are used), except where 
such welds are capable of 100-percent volumetric in-
service inspection (ISI).  This criterion is also 
applicable to the portion of piping between the 
containment and the inside containment isolation valves. 

 
vi. Details of containment penetration, identification of 

pipe welds, access for (ISI), and points of fixity and 
discontinuity are provided in Section 3.8.1. 
 
The Safety Class 2 portion of break excluded piping from 
the containment penetration up to and including the 
isolation valve is designed in accordance with ASME III 
Subarticle NE-1120.  The piping between the isolation 
valve and MSVH/SB wall is classified as non-nuclear 
safety, and is designed in accordance with ANSI B31.1. 

 
3. Break Locations - ASME Section III Class 2 and 3 Piping and 

Seismic Non-Nuclear Piping 
 

a. Breaks in ASME Code, Section III, Class 2 and 3 piping 
and in non-nuclear class piping designed for seismic 
loading are postulated at the following locations in 
each piping and branch run (except those portions of 
fluid system piping identified in Section 3.6B.2.1.2.1, 
items 1 and 2): 

 
(1) At terminal ends of the pressurized portions of 

the runs. 
 

(2) At intermediate locations selected by either of 
the following criteria: 

 
(a) At each pipe fitting (for example, elbow, 

tee, cross, and nonstandard fitting) welded 
attachment and valve. 
 

(b) At each location where the stresses 
associated with normal and upset plant 
conditions including an OBE event as 
calculated from the sum of Equations 9 and 
10 of the ASME Code, Section III, 
Subsection NC, exceed the allowable as 
identified below: 
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The allowable is 0.8(1.2Sh + SA) when the 
original code of record for BVPS Unit 2, the 
ASME Code, Section III, 1971 Edition up to 
and including the Winter 1972 Addenda is 
used for piping analysis. 
 
The allowable of 0.8(1.8Sh + SA) may be used 
if the piping analysis is performed using 
the ASME Code, Section III, Winter of 1981 
Addenda to 1980 Edition, or later editions 
and addenda. 

 
(c) If there are no intermediate locations 

where S exceeds the above mentioned limits, 
intermediate breaks are not postulated. 

 
b. Piping or support modifications, however minor, may 

result in a shift of the calculated highest stress 
points in the piping.  To eliminate the unnecessary 
relocation of postulated intermediate breaks during the 
late stages of design, some practical conditions for 
relocation have been established.  Once a high energy 
piping system has been analyzed and break locations 
selected, the postulated intermediate break locations do 
not vary with subsequent stress reanalysis, provided no 
major change has occurred in the pipe parameters such as 
the routing of the piping being analyzed.  Less 
significant design modifications, such as support 
changes to minimize the use of snubbers, are not cause 
for new break postulation.  However, if the reanalysis, 
regardless of the reason, results in stresses that 
exceed the threshold level defined previously, then new 
breaks are postulated at those points where the criteria 
are exceeded.  Evaluation and mitigation criteria for 
these new breaks will be identical to that imposed on 
the original design. 

 
4. Break Locations - Nonseismic, Non-Nuclear Piping 

 
Breaks in non-nuclear safety class piping not designed for 
seismic loading are postulated at the following locations in 
each piping or branch run: 

 
a. At terminal ends of the pressurized portions of the 

runs. 
 
b. At each pipe fitting, welded attachment, and valve. 

 
3.6B.2.1.2.2  Moderate-Energy Fluid Systems 
 
The following criteria are used to define crack locations in moderate 
energy fluid systems outside of the containment. 
 

1. For the purpose of satisfying the separation provisions of 
BVPS-2 arrangement, a review of the piping layout and BVPS-2 
arrangement drawings is conducted.  The effects of through- 
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wall leakage cracks are isolated or made physically remote 
from safe shutdown systems, to the extent that it is 
practical. 

 
2. Leakage cracks are not postulated in those portions of piping 

between the isolation valve and the containment, provided 
they meet the requirements of the ASME Code, Section III, 
Subarticle NE-1120, and are designed such that the maximum 
stress range associated with normal and upset plant 
conditions and an OBE event does not exceed the allowable as 
identified below: 
 
The allowable is 0.4(1.2Sh + SA) when the original code of 
record for BVPS Unit 2, the ASME Code, Section III, 1971 
Edition up to and including the Winter 1972 Addenda are used 
for piping analysis. 
 
The allowable of 0.4(1.8Sh + SA) may be used if the piping 
analysis is performed using the ASME Code, Section III, 
Winter of 1981 Addenda to 1980 Edition, or later editions and 
addenda. 

 
3. Through-wall leakage cracks are postulated in fluid system 

piping, except where exempted by section 3.6B.2.1.2.2, items 
2 and 4 or where the maximum stress range, associated with 
normal and upset plant conditions and an OBE event, in these 
portions of ASME Class 2 or 3 piping and non-nuclear piping 
is less than the allowable identified below: 
 
The allowable is 0.4(1.2Sh + SA) when the original code of 
record for BVPS Unit 2, the ASME Code, Section III, 1971 
Edition up to and including the Winter 1972 Addenda are 
utilized for piping analysis. 
 
The allowable of 0.4(1.8Sh + SA) may be used if the piping 
analysis is performed using the ASME Code, Section III, 
Winter of 1981 Addenda to 1980 Edition, or later editions and 
addenda. 
 
The cracks are postulated to occur individually at locations 
that result in the maximum effects from fluid spray and 
flooding.  Only environmental effects that develop from these 
cracks are considered. 
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4. Cracks are not postulated in moderate-energy fluid system 

piping located in an area in which a break in high-energy 
piping occurs and is more limiting.  Where a postulated 
leakage crack in the moderate energy fluid system piping 
results in more limiting environmental conditions than the 
break in proximate high-energy fluid system piping, the 
provisions identified in Section 3.6B.2.1.2.2, item 3, are 
applied. 

 
5. Through-wall leakage cracks, instead of breaks, are 

postulated in the piping of those fluid systems that qualify 
as high-energy fluid systems for only short operational 
periods, but qualify as moderate energy fluid systems for the 
major operational period.  An operational period is 
considered short if the fraction of time that the system 
operates within the pressure-temperature conditions specified 
for high-energy fluid systems is less than 2 percent of the 
time that the system operates as a moderate-energy fluid 
system (for example, systems such as the reactor residual 
heat removal systems qualify as moderate-energy fluid 
systems). 

 
3.6B.2.1.2.3  Separating Structures for High Energy Fluid System 
 
If a structure separates a high energy line from an essential 
component, that separating structure is designed to withstand the 
consequences of the pipe break in the high energy line which produces 
the greatest effect at the structure irrespective of the fact that the 
criteria specified in Section 3.6B.2.1.2.1 might not require such a 
break location to be postulated. 
 
3.6B.2.1.3  Design Basis Break/Crack Types and Orientation 
 
3.6B.2.1.3.1  Circumferential Pipe Breaks 
 
The following circumferential breaks are postulated in high-energy 
fluid system piping at the locations specified in Sections 3.6B.2.1.1 
and 3.6B.2.1.2: 
 

1. Circumferential breaks are postulated in fluid system piping 
runs and branches exceeding a nominal pipe size of 1 inch.  
However, when the maximum stress range or usage factor 
exceeds the limits specified for break postulation, and if it 
is determined by detailed stress analysis that the maximum 
stress range in the circumferential direction is at least 1.5 
times that in the axial direction, then only longitudinal 
breaks will be postulated. 
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2. Where break locations  are selected at pipe fittings without 

the benefit of stress calculations, breaks are postulated at 
the piping weld to each fitting, valve, or welded attachment.  
If detailed stress analyses or tests are performed, the 
maximum stressed location in the fitting may be selected 
instead of the pipe-to-fitting weld. 

 
3. Circumferential breaks are assumed to result in pipe 

severance and separation amounting to a one-diameter lateral 
displacement of the ruptured piping sections unless 
physically limited by piping restraints, structural members, 
or piping stiffness as may be demonstrated by analysis. 

 
4. The dynamic force of the jet discharge at the break location 

is based on the effective cross-sectional flow area of the 
pipe and on a calculated fluid pressure as modified by an 
analytically- or experimentally-determined thrust 
coefficient.  Limited pipe displacement at the break 
location, line restrictions, flow limiters, positive pump-
controlled flow, and the absence of energy reservoirs are 
taken into account, as applicable, in the reduction of jet 
discharge. 

 
5. Pipe whipping is assumed to occur in the plane defined by the 

piping geometry and is assumed to cause pipe movement in the 
direction of the jet reaction. 

 
3.6B.2.1.3.2  Longitudinal Pipe Breaks 
 
The following longitudinal breaks are postulated in high-energy fluid 
system piping at  the locations of  each break specified in Sections 
3.6B.2.1.1, and 3.6B.2.1.2 except as noted:  
 

1. Longitudinal breaks in fluid system piping and branch runs 
are postulated in nominal pipe sizes 4 inches and larger. 
However, when the maximum stress range or usage factor 
exceeds the limits specified for break postulation, and it is 
determined by detailed stress analysis that the maximum 
stress range in the axial direction is at least 1.5 times 
that in the circumferential direction, then only a 
circumferential break will be postulated. 

 
2. Longitudinal breaks are not postulated at: 

 
a. Terminal ends. 
 

3. Longitudinal breaks are assumed to result in an axial split 
without pipe severance.  Splits are located (but not 
concurrently) at two diametrically-opposed points on the 
piping circumference such that a jet reaction causing out-of-
plane bending of the piping configuration results. 
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Alternately, a single split may be assumed at the section of 
highest stress as determined by detailed stress analysis. 

 
4. The dynamic force of the fluid jet discharge is based on a 

circular break area equal to the effective cross-sectional 
flow  area of the pipe at the break location, and on a 
calculated fluid pressure modified by an analytically- or 
experimentally-determined thrust coefficient as determined 
for a circumferential break at the same location.  Line 
restrictions, flow limiters, positive pump-controlled flow, 
and the absence of energy reservoirs are taken into account, 
as applicable, in the reduction of jet discharge. 

 
5. Pipe movement is assumed to occur in the directions defined 

by the stiffness of the piping configuration and jet reaction 
forces, unless limited by structural members or piping 
restraints. 

 
3.6B.2.1.3.3 Through-Wall Leakage Cracks (Outside of the Containment 

Only) 
 
The following through-wall leakage cracks are postulated in moderate-
energy fluid system piping at the locations specified in Section 
3.6B.2.1.2.2: 
 

1. Cracks are postulated in moderate-energy fluid system piping 
and branch runs exceeding a nominal pipe size of 1 inch. 

 
2. Fluid flow from a crack is based on a circular opening of 

area equal to that of a rectangle one-half the nominal pipe 
diameter in length and one-half pipe wall thickness in width. 

 
3. The flow from the crack is assumed to result in an 

environment that wets all unprotected components within the 
compartment, with consequent flooding in the compartment and 
communicating compartments.  Flooding effects are determined 
on the basis of a conservatively estimated time period 
required to effect corrective actions. 

 
3.6B.2.1.4  Conformance with Regulatory Guide 1.46 
 
Section 1.8 discusses conformance with Regulatory Guide 1.46. 
 
3.6B.2.2 Analytical Methods to Define Forcing Functions and Response 

Models 
 
3.6B.2.2.1  Introduction 
 
Pipe rupture analyses consist of calculations to determine the fluid 
forces generated by the blowdown of pressurized lines, complemented by 
dynamic or energy-balance analyses to determine pipe motion, 
 



 BVPS-2 UFSAR Rev. 0 

3.6-26 

impact effects (Figure 3.6B-1), and jet impingement effects (Paragraph 
3.6B.2.3).  Restraints for lines 6 inches and less in diameter are 
usually qualified on a generic basis using an energy balance analysis.  
However, restraints for larger lines are engineered individually for 
each system, usually using standard design concepts and worst case 
dynamic analysis to qualify several similar restraints in different 
locations.  The response of unrestrained lines is analyzed by either 
inelastic dynamic analysis or energy balance analysis. 
 
Criteria for the response analyses are as follows: 
 

1. An analysis of the pipe run or branch is performed for each 
postulated longitudinal and circumferential rupture or, 
alternatively, for a worst case.  Worst cases are selected on 
the basis of gap, fluid force, and piping system stiffness. 

 
2. The loading condition of a pipe run or branch, prior to a 

postulated rupture, in terms of internal pressure, 
temperature, and stress state, for piping pressurized during 
operation at power is assumed to be either hot standby or 102 
percent power, depending on which condition has the greater 
contained energy. 

 
3. For a circumferential rupture, pipe whip dynamic analyses are 

only performed for that end (or ends) of the pipe or branch 
connected to a pressure source (that is, fluid reservoir or 
pumped flow) sufficient to cause pipe whip.  For the pipe run 
or branch where there is no physical potential for pipe 
whipping because of the level of energy in the piping, such 
as a dead end pipe, the jet impingement effect due to 
blowdown flow coming from the other end shall be taken into 
consideration. 

 
4. Dynamic analytical methods, used for calculating the piping 

or piping/restraint system response to the jet thrust 
developed after a postulated rupture, adequately account for 
the effects of the following: 

 
a. Mass inertia and stiffness properties of the system. 
 
b. Impact and rebound (if any) as permitted by gaps between 

piping and restraint. 
 
c. Elastic and inelastic deformation of piping and/or 

restraint. 
 
d. Support boundary conditions. 

 
5. An allowable design strain limit of 0.5 ultimate uniform 

strain of the restraints is used for tensile energy-absorbing 
components.  For compressive energy-absorbing 
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components, a design limit of 80 percent of energy absorbing capacity 
is used. 
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6. A 10-percent increase of minimum specified yield strength 
(Sy) may be used to account for strain rate effects in 
inelastic nonlinear analyses.  Alternatively, experimental 
data may be used to determine the strain rate parameters for 
use in nonlinear codes which monitor strain rate. 

 
3.6B.2.2.2  Time Dependent Blowdown Force 
 
The blowdown force calculations, which are similar to those of Moody 
(1973), are based on the transient pressures, velocities, and other 
thermodynamic properties of the fluid.  To provide the time history of 
pressure, velocity, etc., the method of characteristics is used to 
solve the continuity and momentum equations simultaneously.  A general 
description of the method can be found in most gas dynamics textbooks 
(De Haller 1945; Rudinger 1969; and Owzarek 1968).  For these one-
dimensional fluid mechanics analyses, the pipe is regarded as 
straight, despite numerous bends.  The calculated momentum and 
pressure forces are applied at changes in direction or cross-section 
of the piping to provide time-dependent loads for pipe dynamic 
analysis. 
 
The transient forces result from wave propagation and fluid momentum.  
It is assumed that pipe bends and elbows neither attenuate the 
traveling pressure waves nor cause reflections.  Immediately following 
the rupture of a pipe, a decompression wave travels from the break at 
the speed of sound relative to the fluid.  The fluids ahead of and 
behind the wave are at different states.  This initial blowdown 
condition will last until a return signal from a pressure reservoir 
reaches the break.  Repeated wave reflections between the reservoir 
and break prevail until a steady-state flow condition is established.  
Boundary conditions that govern the flow at the break end and at the 
inlet from the vessel to the pipe are applied.  
 
The blowdown force is a function of the pressure, mass flow rate, and 
other thermodynamic properties of the fluid which vary with time.  The 
force the fluid exerts on the pipe at any point in time is calculated 
using the following equation: 
 
 

 A
144g
RUPPF

2

a ][ +−=       (3.6B-1) 
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where: 
 
 F = Blowdown force (lb) 
 
 P = Local static pressure, (psia) 
 
 Pa = Ambient pressure (psia) 
 
 U = Velocity of fluid (fps) 
 
 R = Density of fluid (lb /ft

3
) 

 
 A = Pipe break area (in

2
) 

 
 g = Gravitational constant (lbm -ft/lbf-sec

2
) 

 
The effects of line friction are included in the evaluation of steady 
state blowdown.  For the calculation of the transient fluid response, 
however, friction may or may not be considered. 
 
3.6B.2.2.2.1  Subcooled Nonflashing Waterline Blowdown 
 
Immediately following the postulated rupture, a flow disturbance 
propagates from the break at a speed of sound relative to the fluid, 
leaving the fluid behind the wave at a thermodynamic state of Uo and P 

= Pa.  The governing equation across the wave is: 
 
 

 P
RC
g

U= ± Δ         (3.6B-2) 

 
where: 
 
 P = Differential pressure across wave 
 
 ΔU = Differential velocity wave 
 
 C = Speed of sound in fluid. 
 
When the disturbance reaches a pressure reservoir, it is reflected and 
travels toward the break end.  The boundary conditions that govern the 
flow at the break location and at the inlet to the pipe (from the 
reservoir) are: 
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 Pe = Pa 
 
 

 P
i

P
o

R Ui
g

= −

2

2
        (3.6B-3) 

 
 
where: 
 
 Pi = Pressure at pipe inlet 
 
 Ui = Velocity of fluid at pipe inlet 
 
 Pe, Pa = Pressure at the break location 
 
 Po = Reservoir pressure. 
 
The initial blowdown flow remains constant until the disturbance, 
which is reflected from the vessel, reaches the break end.  Then it is 
reflected again, and that brings a change of blowdown flow.  These 
repeated wave transmissions and reflections continue until the steady-
state flow is established.  The total initial force exerted by the 
fluid on the pipe is 1.0 PoA and is comprised of forces due to the wave 
and the discharge of fluid at the break point. 
 
 Steady State With Friction 
 
For steady state flow with friction, the blowdown forcing function 
calculations become: 
 
 

 A
o
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D
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1

P
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+

−
=       (3.6B-4) 

 
 
which is derived by applying Bernoulli's equation across the pipe and 
by using the expression for the forcing function calculation, where: 
 
 Le = Total equivalent length of pipe friction 
 
 f = Friction factor (Reynolds number and pipe surface roughness 

dependent) 
 
 D = Pipe inside diameter. 
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 Transient Flow With Friction 
 
With friction losses taken into consideration, the transient pressures 
and velocities of the subcooled nonflashing water line blowdown can be 
obtained by simultaneously solving the continuity and momentum 
equations.  The finite difference approximation using the method of 
characteristics is used as a principle for numerical solution of these 
two governing equations (Streeter 1967). 
 
The computations proceed in the following manner.  A grid is chosen in 
such a way that Δx = C t, where Δx is a space increment, Δt a time 
increment, and C the propagation speed of the disturbance.  Starting 
from the initial conditions along the pipe, the pressure and velocity 
at tn+i = tn + Δt, and at any interior points of the pipe, can be 
calculated by using two characteristic equations.  Whenever a boundary 
point is reached, the corresponding characteristic equation and 
boundary condition are used.  Then the process proceeds until the 
steady state is reached. 
 
The friction losses are expressed in terms of pressure drop of the 
system.  To accurately model the system with friction losses, a 
smaller Δx must be used.  This method can be applied for flow with or 
without friction losses. 
 
The transient pressures, velocities, etc, are then used to calculate 
the blowdown forces using the equation described previously. 
 
3.6B.2.2.2.2  Steamline Blowdown 
 
 Transient Flow Without Friction 
 
Steam is treated as an ideal, single-phase gas with a constant 
specific heat ratio, k, of 1.3.  Except for the case of steady-state 
blowdown flow, the flow is assumed to be isentropic with negligible 
pipe friction.  The characteristic method (Jonssen et al 1973 and 
Hartree 1952) which is a finite difference approximation using the 
principle of characteristics, is used as a basis for the numerical 
solution of the continuity and momentum equations.  The transient 
pressure, mass flow rate, and other thermodynamic properties are then 
used to calculate the transient-state forcing function. 
 
Immediately following the break, a decompression wave travels into the 
pipe toward the pressure reservoir.  The fluid in front of the wave is 
at a state 
 
 
 U1 = 0 
 
 C1 = C0 
 
 



 BVPS-2 UFSAR Rev. 0 

3.6-31 

where: 
 
 U1 = Velocity of fluid 
 
 C0 = Speed of sound in fluid. 
 
The fluid state at the exit is at the sonic condition, because the 
initial pressure was sufficiently high (Shapiro 1953): 
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The blowdown force can be calculated as: 
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where:  Co

2
 = k g Po/Ro 

The pressure ratio across the wave is: 
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where: 
 
 
 T = Temperature 
 
and the density ratio is: 
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Therefore, the blowdown force can be reformulated as 
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The total initial force exerted by the fluid on the pipe is 1.0 PoA and 
is comprised of forces due to the wave and the preceding force due to 
the discharge of fluid at the break point. 
 
The blowdown force is constant until a return signal from the pressure 
source reaches the break. 
 
When the wave reaches the reservoir, it is reflected as a compression 
wave.  The boundary condition at the pressure source lies on the 
steady-state ellipse, 
 
 (3.6B-10) 
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which is the energy equation applied across the vessel-pipe inlet.  
The boundary condition for this case is: 
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 (3.6B-11) 
 
 

 T
o

T
i

Ui
C

= +

2

2
ρ
 

 
 
where: 
 
 Cρ = the constant pressure specific heat of a fluid 
 
 i  = the state at the inlet to the pipe. 
 
If the steady state is reached, the flow in the pipe is uniform and, 
if the pressure in the pressure vessel remains high, then the boundary 
condition at the break always lies on the sonic line; that is, 
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Then from the critical flow condition, 
 
 (3.6B-12) 
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where * = the critical flow condition. 
 
Then, the steady-state blowdown force is: 
 
 (3.6B-13) 
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 Steady State With Friction 
 
For steady state flow with friction losses, the analysis is based on 
the theory of compressible flow with friction (Shapiro 1953).  The 
pipe friction is the chief factor bringing about the change of fluid 
properties in the flow.  A curve which describes the variation of 
steady state steam blowdown force versus friction parameter fLe/D is 
shown on Figure 3.6B-2 (Moody 1973). 
 
 Transient Flow With Friction 
 
Using a method similar to the transient flow analysis for a 
nonflashing waterline, a hybrid method of characteristics has been 
adopted from Jonssen et al (1973) to solve simultaneous one-
dimensional governing equations of mass, momentum, and energy for pipe 
having a constant cross-sectional area with friction effects taken 
into consideration.  The governing equations are first transformed 
into a system of characteristic equations, and, then, the finite 
difference approximation is used to integrate the fluid variables 
which represent the pressure, velocity, and entropy along the 
characteristic lines and the path line.  These transient pressures, 
velocities, etc., are used to calculate the blowdown forcing functions 
using the equation described previously. 
 
3.6B.2.2.2.3  Flashing Water Blowdown 
 
For saturated water blowdown through a long pipe (L/D>12), a two phase 
annular critical flow model developed by Fauske (1962) is utilized.  
The Fauske model uses the assumptions of thermal equilibrium and phase 
slip summarized as follows: 
 

1. Annular flow with slip occurs and the slip ratio for critical 
flow is: 

 
 S = (Vg/Vf)

l/2       (3.6B-14)
 

 
where: 
 
 S = Slip ratio 
 Vg = Specific volume of the vapor phase 

 Vf = Specific volume of the liquid phase 
 

2. Thermodynamic equilibrium and isenthalpic expansion are 
assumed. 

 
3. The specific volume of the mixture (Vm) is given by: 
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 where: 
 

 α = The void fraction = ]})}()/[({ 111 2/1 +
−
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 (3.6B-15A) 

 
 
 X = Mixture quality by weight 
 
The critical mass flow rate exists when the pressure gradient along 
the pipe has an absolute, finite maximum value for a given flow rate 
and quality.  This leads to the following equation for maximum mass 
velocity, Gc: 
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where: 
 
 F1 = X[l + (S - 1)X] 
 
 F2 = Vg[l + 2X(S - l)] + VfS[2(x - 1) + S(1 - 2X)] 
 
 F3 = S[l + X(S - 2) - X

2
 (S - 1)]        (3.6B-16A) 
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The exit quality and enthalpy relation are related by the energy 
equation which is written for two phase flow as: 
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This equation can be rewritten in terms of the mass velocity, Gc, and 
the slip ratio, S, as: 
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where Vf, Vg hf, and hg are evaluated at the critical pressure.  With 
the previous, the properties of the mixture at the exit can be 
evaluated and the critical mass velocity, Gc, can be determined. 
 
In computing the blowdown flow rate of a saturated water blowdown 
through a long pipe, the pressure drops due to friction as a result of 
flashing, and the change of momentum become significant and should not 
be neglected. 
 
The pressure drop for boiling water flowing in a long pipe in a 
horizontal plane can be estimated as: 
 
 ΔP = ΔPACC. + ΔPFRICT.       (3.6B-19) 
 
where: 
 
ΔPACC. is the acceleration pressure drop, which is due to the change of 
momentum between the phases as a result of flashing.  ΔPFRICT. is the 
pressure drop due to pipe friction of a two phase flow. 
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The acceleration pressure drop is customarily expressed in the 
following form: 
 
 

ΔPACC r
Vf G

gc
. = 2

2
        (3.6B-20) 

 
 
where: 
 
 r2 = The acceleration pressure drop multiplier 
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This pressure drop due to friction for two phase flow can be expressed 
as: 
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where: 
 
 r3 = The two phase frictional pressure drop multiplier 
 
An estimate of r3 developed by Thorn (1964) is utilized.  The following 
expression fits the referenced data over the range of pressures 
considered. 
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To calculate the blowdown flow rate for two phase flow using Fauske's 
critical flow envelope, an iteration procedure is necessary, since the 
critical pressure and the percent of flashing at the discharge end are 
not known a priori.  By using the critical flow envelope, together 
with the following equation, one can find the: 
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Exit quality and critical pressure, Pc.  It is assumed that the 
specific volume of the liquid phase does not change drastically across 
the pipe. 
 
The iteration procedure is outlined as follows: 
 

1. Assuming a critical pressure, Pc, one can determine the 
critical mass velocity and the exit quality. 

 
2. Using the exit quality and the critical pressure, one can 

obtain the two phase pressure drop multiplier, r3, and the 

acceleration pressure drop multiplier, r2. 
 
3. The total pressure drop across the pipe is calculated.  If 

the total pressure drop plus the critical pressure equals the 
total pressure in the pressure source, then the iteration 
stops.  Otherwise the procedure is repeated by assuming a new 
critical pressure. 

 
After obtaining the critical mass velocity, pressure, and exit 
quality, the blowdown thrust can be calculated as: 
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where: 
 
 

 Vm r
Vf= +( )1 2       (3.6 B-26) 

 
 
For short flow passages (L/D <12), the flow is characterized by non-
equilibrium conditions and a metastable state results.  This flow is 
unstable since, for initially subcooled or saturated water, the flow 
accelerates so rapidly as it leaves the pressure source at the pipe 
inlet that there is insufficient time to form any appreciable amount 
of vapor.  Therefore, the flow has a negligible exit quality and the 
pressure drop due to the change of momentum between the phases is 
negligible.  For these flow regimes, the thermodynamic fluid 
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properties as functions of time are predicted by the Henry-Fauske 
(1971) theory. 
 
3.6B.2.2.3  Simplified Blowdown Analysis 
 
A conservative steady state forcing function may be used for 
calculations based on the energy balance method.  The function has a 
magnitude of: 
 
  T = KPA 
 
where: 
 

P = System pressure prior to pipe break 
 
A = Pipe break area 
 
K = Thrust coefficient (theoretical maximum) 

 
K values are as follows: 
 

1. 1.26 for saturated steam, water, and steam/water mixture 
 
2. 2.00 for nonflashing sub-cooled water. 

 
If pressure drop due to friction is taken into consideration, the 
values of K can be reduced. 
 
An amplification factor of 1.0 or 1.1 is applied to the previous force 
to account for rebound.  A rebound factor of 1.0 is used if the 
analysis is verified by a subsequent dynamic analysis; otherwise a 
value of 1.1 is used.  After the break, there is a short period of 
time during which the magnitude of the fluid force (that is, until the 
wave passes the first elbow) is 1.0 PoA.  This is ignored since the 
initial pipe velocity is low and the resulting work input is 
inconsequential, and the magnitude of the fluid force is assumed to 
rise immediately to its maximum value, during the energy input phase, 
as determined by the detailed methods of Section 3.6B.2.2.2. 
 
3.6B.2.2.4  Lumped-Parameter Dynamic Analysis 
 
The piping system is modeled mathematically as a series of beam 
elements connected at nodes.  The geometry of the model matches that 
of the pipe.  The distributed mass of the pipe and contained fluid is 
modeled as lumped masses located at the nodes.  The beam elements have 
the stiffness properties of the pipe in the elastic range and 
approximate the plastic behavior after yield. 
 
Before a rupture, the pipe is stressed by internal pressure, and is in 
static equilibrium.  This is simulated in the mathematical model by 
applying forces at points in the system where changes in the flow 
direction or changes in the flow area occur.  The initial stresses 
contribute to the total stresses of the system and are considered in 



 BVPS-2 UFSAR Rev. 0 

3.6-40 

situations where they are significant, such as ensuring that the total 
stresses in break exclusion zones or that the total loads on attached 
components are within appropriate allowables subsequent to a break or 
where close gapped restraints are used. 
 
As a postulated circumferential break propagates, the load-carrying 
metal area of the pipe decreases so that a force unbalance results.  
The force initially transmitted across the break is assumed to drop 
linearly to zero in 1 millisecond.  After the break, the forces 
exerted on the pipe by the fluid are determined by the time-dependent 
blowdown force derived in Section 3.6B.2.2.2.  Similarly, for a 
longitudinal split, the crack propagation speed limits the rate at 
which the split opens, so a l-millisecond force rise time is assumed.  
Other break opening times may be used if justified. 
 
Subsequent to a postulated rupture, the inelastic system response is 
analyzed by the use of an elastic-plastic lumped-mass beam element 
computer code such as DINASAW or LIMITA (Appendix Sections 3A.2.1, 
3A.2.2, and 3A.2.3).  The analysis considers the free motion of the 
pipe through a gap, if one exists, using the appropriate initial 
conditions and the fluid blowdown forces as calculated in Section 
3.6B.2.2.2.  The mathematical model includes the restraint or barrier, 
and sometimes a member simulating the local crush resistance of the 
pipe.  Rebound effects are considered by automatically connecting and 
disconnecting that member for impact and rebound, respectively. 
 
3.6B.2.2.4.1  Sample Dynamic Analysis 
 
Pipe rupture restraint 2MSS-PRR811 limits the motion of the main steam 
line following a postulated circumferential rupture at the top of the 
steam generator.  The restraint is a "U" configuration with 10 layers 
of 11 gauge stainless steel having an 8-inch strainable width (Figure 
3.6B-3).  The initial clearance between the hot pipe and restraint is 
0.94 inch in the outward and side directions, resulting in a total 
acceleration gap, after slack take-up, of 2.34 inches. 
 
The analysis of the pipe-restraint interaction used the LIMITA3 
computer code and the three-dimensional finite element model shown on 
Figure 3.6B-4.  The restraint model is equivalent to a single member 
49.06 inches long with a 20-in

2
 cross section.  The elastic-plastic 

properties of this restraint were for stainless steel, with 
corrections for strain variations in the arch due to friction against 
the pipe and in the tapered transition region at each end of the 
strap.  A sufficient length of pipe was included in the model to 
minimize the effect of the boundary condition at the far end.  
 
The fluid forces depicted on Figure 3.6B-5 were applied to nodes where 
the pipe is curved.  First, the pipe was brought into static 
equilibrium with the fluid forces at time zero, considering the pipe 
fixed to the steam generator.  Then, the mechanical forces from the 
steam generator were ramped down to zero in 1 millisecond to simulate 
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the rupture.  The subsequent fluid force history represents the 
decompression wave traveling away from the break.  No reflection wave 
from the other end of the pipe occurs in the time period analyzed. 
 
The restraint reaction load is shown on Figure 3.6B-6.  The stainless 
steel strap is stretched during the impact event, thereby absorbing 
energy in plastic deformation.  The maximum restraint strain recorded 
during the impact analysis was 6 percent.  The restraint force then 
oscillates about the value of the fluid blowdown force. 
 
3.6B.2.2.5  Energy Balance Analysis 
 
The energy balance technique for analyzing pipe impact equates the 
work done by the escaping fluid to the energy absorbed in deforming 
the ruptured pipe and the impacted target.  A steady-state blowdown 
force is used for the energy balance analysis.  The magnitude of the 
force is described in Section 3.6B.2.2.3. 
 
The input energy of the system is determined by multiplying the pipe 
displacement at the break end by the component of the fluid blowdown 
force in the direction of the displacement. 
 
The input energy is: 
 
 E = F (g + d) 
 
where: 
 
 F = component of blowdown force in direction of pipe displacement 

(lb) 
 
 g = pipe-target gap (in) 
 
 d = displacement of break end of pipe after impact (in) 
 
The strain energy absorbed during pipe whip and impact consists of the 
energy absorbed by pipe bending, Epb the energy absorbed by pipe crush 

during impact, Epc and the energy absorbed by deformation of the 

target, Et. 
 
To determine post-impact target deformation and the peak reaction 
force, the input energy is equated to the strain energy absorbed by 
the pipe and target.  The energy absorption characteristics of the 
pipe crush and target deformation are calculated on the basis of the 
displacement integral of the appropriate force-deformation curves. 
 
 Sample Energy Balance Analysis 
 
Analyze the impact of a 10-inch, schedule 160 pipe into a pipe crush 
bumper following a circumferential break at an elbow (Figure 3.6B-7).  
One source of energy input is recognized:  the fluid blowdown force 
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traveling through the distance moved by the ruptured end of the pipe.  
The input energy is: 
 
 

)(
LhL

hLd)(gbFinE
−

+=        (3.6B-27) 

 
 
where: 
 
 Fb = Fluid blowdown force (lb) 
 
 g = Acceleration gap (in) 
 
 d = Restraint deflection (in) 
 
 Lh = Length from break to plastic hinge (in) 
 
 L = Length from break to restraint (in) 
 
The ratio Lh/(Lh-L) represents the increased pipe displacement at the 
break, compared to displacement at the restraint, due to the assumed 
pipe rotation about a plastic hinge. 
 
The fluid force is calculated: 
 
Fb  =  KrKfPoA  =  100.5 kips (3.6B-28) 
 
 
 
 
where: 
 
 Kr = Rebound factor (1.1) 
 
 Kf = Thrust coefficient (0.7) 
 
 Po = Initial pressure (2,300 psi) 
 
 A = Pipe flow area (56.75 in

2
) 

 
The maximum thrust coefficient in the period when the energy balance 
occurs is 1.0.  However, this drops to 0.7 as soon as the 
decompression wave passes the elbow (t ≤ 0.001 second) and occurs when 
the pipe is just starting to accelerate.  Since the displacement
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and resulting energy input are negligible during this interval, 0.7 
rather than 1.0 was used as the thrust coefficient.  The duration of 
the entire energy balance event is evaluated after the restraint is 
sized.  This permits a quick review of the fluid force history to 
assure that a higher thrust coefficient did not occur later in the 
dynamic event. 
 
Energy may be absorbed in plastic bending of the pipe and in crush of 
the restraint.  The energy absorbed by bending at the plastic hinge is 
 
Eb = MPθ = Mp (g+d)/(Lh-L) (3.6B-29) 
 
 
where: 
 
 Mp = Plastic moment 
 
 θ = Hinge rotation. 
 
The value of Mp may be obtained from rigid, perfect-plastic limit 
theory, but, for this application, a strain hardening moment (Gerber 
1974) is more correct.  This requires an estimate of the hinge 
rotation (that is, g, d, Lh and L must be determined).  The gap may be 
set to 3 inches (g=3 inches).  The values of d and L are dependent on 
the bumper.  Let the bumper pipe have the same diameter as the process 
pipe.  Then let d = 0.7 x I.D. = 6.5 inches to achieve approximately 
50 percent of the energy-absorbing capacity (Peach et al 1977).  Set L 
= 27.9 inches to allow for the elbow (15 inches), the restraint half-
width (5.375 inches) and access to the elbow weld for inservice 
inspection (6.5 inches).  Using the common expression for plastic 
hinge length (L = 3 Mp/Fb) and the method described by Gerber (1974) an 
iterative solution shows that 
 
 Mp = 3,363 inches kips 
 
 Lh = 100.4 in. 
 
Thus the energy to be absorbed by the bumper pipe is: 
 
 E = (FbLh-Mp) (g+d)/(Lh-L) 
  = 882 in. kips 
 
Size the bumper pipe thickness subject to the following constraint: 
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inch
pr
br

ptbt 84.0131.075.0 )( =≤       (3.6B-30) 

 
 
where: 
 
 tb = Bumper pipe wall thickness (in) 
 
 tp = Process pipe wall thickness (in) 
 
 rb = Bumper pipe radius (in) 
 
 rp = Process pipe radius (in) 
 
This restriction assures that the bumper pipe will crush without 
causing crush of the process pipe.  Thus, any bumper pipe of schedule 
120 or thinner is acceptable.  Table 3.6B-3 presents the energy 
absorbing capacity of 10-inch pipes at a crush displacement of 0.7 x 
I.D., using a multiplier of 1.1 for strain rate effects. 
 
Use the schedule 80 pipe for the bumper, since this comes closest to 
meeting the energy absorption requirements.  Iterate to find the exact 
point of energy balance 
 
 d = 6.1 inches 
 
 E = 845 in kips 
  = 45 percent of capacity 
 
 F = 195 kips 
 
The restraint reaction load is thus 1.94 times the fluid blowdown 
force. 
 
Finally, determine the approximate time of peak restraint load to 
assure that the fluid force did not exceed  0.7 PoA during the energy 
balance event: 
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where: 
 
 m = the mass per unit length of the pipe. 
 
thus: 
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 t = 30.1 milliseconds 
 
3.6B.2.2.6  Local Pipe Indentation 
 
The local shell indentation stiffness of the pipe is usually 
considered where other energy-absorbing mechanisms are not available 
at the point of impact  Examples include impacts into rigid 
displacement-limiting bumpers, concrete walls, and the omnidirectional 
restraint weldment (the latter interposes a significant mass between 
the impacting pipe and the energy absorbers). 
 
Two methods have been used to determine the shell indentation 
stiffness.  The earlier was analytical and tended to overpredict 
conservatively the indentation stiffness.  The other was a series of 
pseudo-static pipe crush tests covering several crush geometries and a 
sufficient range of pipe thicknesses and diameters to develop 
parametric scaling laws (Peach 1977).  This was augmented by analyses 
to determine the sensitivity to material strength, dynamics, and 
variations in loading geometry. 
 
3.6B.2.2.7  Concrete Barrier Impact 
 
In a pipe whip impact, the force on the barrier is a complex function 
of time depending primarily on the sudden deceleration of the pipe 
wall at the impact point (slug impact), the shell indentation of the 
pipe as it locally crushes against the wall, and the force transmitted 
to the impact point by the more gradual deceleration of the adjacent 
run of pipe.  After impact, the pipe also transmits a more enduring 
force resulting from the continuing fluid blowdown.  The concrete is 
affected by this, much like any other missile impact, the only 
significant difference being the long term fluid force.  To evaluate 
this postulated event, the pipe is transformed into an equivalent 
missile and the concrete is analyzed for scabbing and structural 
response using the procedure described in Section 3.5.3.  The analysis 
for structural response includes the impulse of the initial impact as 
well as the subsequent fluid blowdown force and other concurrent 
loads. 
 
Four basic parameters must be determined to define the equivalent 
missile: the kinetic energy (or impulse), the impact velocity, the 
pipe crush stiffness, and the bearing area.  The kinetic energy and 
velocity can be found by either of two methods: 
 

1. Simplified Method - Use the total input energy (fluid 
blowdown force x distance of pipe travel) less the energy 
absorbed in pipe bending prior to impact.  Compute the 
velocity using approximate formulae (Roemer and East 1980). 

 
2. Lumped Parameter Dynamic Analysis (Section 3.6B.2.2.4) - This 

method is especially suited for evaluating the impact of 
piping systems with complex geometries and can even 
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consider multiple impact points.  As an alternative to the 
kinetic energy, the impact force history (impulse) can be 
computed. 

 
Regardless of which analysis method is used, the crush resistance of 
the equivalent missile and the bearing area are derived from the 
experimental data described in Section 3.6B.2.2.6.  This data is 
modified to account for the effect of dynamics and internal pressure. 
 
3.6B.2.3 Dynamic Analysis Methods to Verify Integrity and 

Operability 
 
Pipe rupture loads to determine the integrity of mechanical components 
are determined using the analytical methods described in Section 
3.6B.2.2.  The applicable load combinations for the components and for 
break exclusion regions are presented in Sections 3.9 and 3.6B.2.1, 
respectively.  Criteria for rupture restraints are presented in 
Section 3.6B.2.3.1. 
 
Jet impingement loadings are determined as follows: 
 

1. Jet forces are represented by time-dependent forcing 
functions, which are determined according to the methods 
presented in Section 3.6B.2.2.1.  The effects of the piping 
geometry, capacity of the upstream energy reservoir, source 
pressure, and fluid enthalpy are considered in these forcing 
functions. 

 
2. The steady-state jet force has a magnitude of: 

 
 F = KjPA 
 
 where: 
 
 P = System pressure prior to pipe break (psi) 
 
 A = Pipe break area (in

2
) 

 
 Kj = Jet coefficient. 
 

The following Kj values are used whenever the reservoir 
pressure is constant, pipe friction is negligible, and there 
are no upstream flow restrictions: 

 
a. A value of 1.26 for saturated steam, saturated water, 

and steam/water mixture. 
 
b. A value of 2.00 for nonflashing subcooled water. 

 
If pressure drop due to friction is taken into consideration, 
values of kj can be reduced. 
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3. The jet impingement pressure on 
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any target is calculated assuming the jet force is constant 
in any plane normal to the jet stream and assuming that the 
jet stream diverges conically at a solid angle of 20 degrees 
for steam or water-steam mixtures.  For those cases where 
the 20 degree divergence assumption is shown to be 
unnecessarily conservative, Moody's asymptotic jet expansion 
model is utilized (Moody 1969).  Jet expansion is not used 
for cases involving saturated water or subcooled water 
blowdown that have an initial fluid temperature below the 
saturation temperature at the ambient pressure beyond the 
break. 

 
4. The effective range of jet impingement force from piping 

containing steam or subcooled, flashing water at pressures 
between 870 and 2,465 psia and with no greater than 70°C 
subcooling may be limited to ten times the nominal pipe 
diameter (NUREG/CR-2913, 1983).  The jet intensity within the 
limited jet impingement zone is determined as in Section 
3.6B.2.3(3.) above. 

 
5. The proportion of the total jet force acting on the target is 

determined from the fraction of the jet intercepted and by 
the shape factor of the target.  For a target with its flat 
surface area normal to the center of the jet stream, the 
impingement load is the product of the pressure and the 
intercepted jet area.  For those cases where the target area 
is such that the intercepted jet stream is deflected rather 
than totally stopped, a shape factor which is less than unity 
and which is a function of the target geometry is used in 
calculating the total jet impingement load. 

 
Since the jet impingement force is a dynamically applied load, the 
target will be analyzed either by static methods using an appropriate 
dynamic load factor, or dynamically using elastic or inelastic 
structural response codes (Appendix 3A).  The load combinations and 
design allowable are given in Sections 3.8.3 and 3.9. 
 
3.6B.2.3.1  Pipe Rupture Restraints 
 
Two basic restraint types are used: elastic and energy-absorbing.  The 
elastic restraints are generally used where displacements subsequent 
to a postulated pipe rupture  must be minimized to either restrict the 
break opening area or limit loads in the broken piping run.  Energy-
absorbing restraints are used where the primary objective to dissipate 
the energy is of a ruptured pipe. 
 
3.6B.2.3.1.1  Elastic Restraints 
 
Since elastic restraints are used to minimize displacements of the 
broken pipe, they are close gapped.  For some applications, this 
requires that they contact the pipe during conditions other than a 
postulated rupture, in which case they are designed as a pipe support 
in accordance with the applicable code (Section 3.9.3).  If an elastic 
restraint will only contact the pipe following a rupture, it is 
designed according to the criteria for structural steel (Section 
3.8.3). 
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3.6B.2.3.1.2  Energy-Absorbing Restraints 
 
Several approaches are used for energy absorption in pipe rupture 
restraints.  In tension, stainless steel studs or straps are used, 
with a design limit of 50 percent of uniform ultimate strain.  In 
compression, honeycomb panels or pipe sections are used.  Compressive 
components are designed to 80 percent or less of their energy 
absorption capacity.  Other energy-absorbing devices may be used and 
will be designed to these same limits. 
 
One or more of the above energy-absorbing mechanisms are utilized in 
each of the typical restraints described below.  When a single energy-
absorbing mechanism is utilized, the design limits will be met for the 
design range of loading directions.  Designs with more than one form 
of energy absorption may not fully utilize compressive absorbers for 
some loading directions.  These are allowed to bottom out if other 
active energy absorbers remain within their design limit. 
 
Elastic components of energy-absorbing restraints are designed to the 
criteria for structural steel (Section 3.8.3). 
 
 Pipe Crush Bumper 
 
The pipe crush bumper absorbs impact energy in a direction toward the 
supporting structure.  The energy absorber is a length of pipe placed 
normal to the axis of the process pipe.  Subsequent to a rupture, the 
bumper pipe is crushed between its support structure and the moving 
process pipe.  This absorbs energy and forms a retaining recess in the 
bumper pipe.  The bumper pipe is attached to its support by welding, 
bolting, etc (Figures 3.6B-8 and 3.6B-9). 
 
 Laminated Strap Restraint 
 
The laminated strap restraint is capable of absorbing impact loads in 
the outward direction from the supporting structure (Figure 3.6B-10).  
The energy-absorbing component is a U-shaped strap which consists of 
one or more strips (depending on energy to be absorbed) of highly 
ductile material (Type 304 stainless steel). 
 
This laminated design provides great flexibility.  If the process pipe 
contacts the sides of the restraint during an event other than pipe 
rupture, negligible loads result.  The design also minimizes bending 
strains, permitting the strap to act mainly as a membrane during the 
postulated rupture event. 
 
 Omni-Directional Restraint 
 
The omni-directional restraint is capable of absorbing impact loads 
applied in any direction in the plane of the restraint (Figure 3.6B-
11).  This restraint consists of a base weldment, an arch, ductile 
holddown studs on each side of the base weldment, and a honeycomb 
panel.  The primary function of the studs is to absorb energy from 
impact loads acting outward from the support structure.  The honeycomb 
panel absorbs energy from impact 
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loads acting in an inward direction.  Side load impacts will be 
absorbed by the combined action of the studs and honeycomb. 
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Combinations of pipe crush bumpers and laminated straps may also be 
used to achieve energy absorption over a range of impact directions up 
to a full 360 degrees. 
 
3.6B.2.4  Guard Pipe Assembly Design Criteria 
 
The Beaver Valley Power Station - Unit 2 does not utilize guard pipes. 
 
3.6B.2.5  Material to be Submitted for the Operating License Review 
 
Pipe break and crack locations are obtained in accordance with the 
criteria of Section 3.6B.2.1.  High-energy piping with break locations 
identified are provided in isometric drawings and/or system 
descriptive drawings (Figures 3.6B-12, 3.6B-13, 3.6B-14, 3.6B-15, 
3.6B-16A, 3.6B-16B, 3.6B-16C, 3.6B-16D, 3.6B-16E, 3.6B-16F, 3.6B-17A, 
3.6B-17B, 3.6B-17C, 3.6B-18A, 3.6B-18B, 3.6B-18C, 3.6B-18D, 3.6B-18E, 
3.6B-19A, 3.6B-19B, 3.6B-19C, 3.6B-20A, 3.6B-20B, 3.6B-21A, 3.6B-21B, 
3.6B-22, 3.6B-23, 3.6B-24, 3.6B-25A, 3.6B-25B and 3.6B-26).  These 
figures show the locations of all break locations and corresponding 
pipe whip restraints where required.  The following details are 
provided for each high-energy system: 
 

1. Line designation numbers showing system, size, line number, 
and safety class of pipe. 

 
2. Break identification numbers showing break type (i.e., 

longitudinal or circumferential), reason for postulation 
(i.e., stress or usage factor exceeds allowable (EA) or 
terminal end location (TE)), and plant location. 

 
3. Pipe whip restraints showing identification number, type, and 

restrained direction of ruptured pipe. 
 
4. The valves and major components in the high energy systems 

considered are provided for the convenience in locating break 
points only. 

 
Pipe whip restraints are designed as discussed in Section 3.6B.2.3.1.  
Jet thrust and impingement forces are determined in accordance with 
Section 3.6B.2.3.  Based on this approach and the case-by-case review 
of all postulated jet impingement events, no jet shields are required.  
The evaluation of all pipe break dynamic effects and the resolution of 
all associated safety concerns has been documented in the BVPS-2 
Hazard Analysis Evaluation Report (1987). 
 
The effects of breaks and cracks are discussed in detail in Section 
3.6B.1 and they are based on the protection evaluation criteria of 
that section.  Any protective measures to assure a safe shutdown 
(barriers, separation, and restraints) are also discussed. 
 
3.6N PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED 

RUPTURE OF PIPING 
 
This section describes the design bases and protective measures which 
are used to ensure that the containment and all vital equipment within 
the containment are adequately protected from the dynamic effects 
caused by postulated rupture of the reactor coolant system (RCS) 
piping.  Components of the RCS system are given in Section 5.4. 
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3.6N.1 Postulated Piping Failures in Fluid Systems Outside of 
Containment 

 
Refer to Section 3.6B.1 
 
3.6N.2 Determination of Break Locations and Dynamic Effects 

Associated with Postulated Rupture of Piping 
 
Refer to Section 3.6B.2 
 
3.6N.2.1 Criteria Used to Determine Break and Crack Location and 

Configuration 
 
Refer to Section 3.6B.2.1. 
 
3.6N.2.2 Analytical Methods to Define Forcing Functions and Response 

Models 
 
3.6N.2.2.1  Dynamic Analyses 
 
Refer to Section 3.6B.2.2.1 
 
3.6N.2.2.2 Time Functions of Jet Thrust Force on Ruptured and Intact 

Loop Piping 
 
This section has been deleted based on the exemption to consideration 
of dynamic effects associated with reactor coolant loop breaks.  Refer 
to Section 3.6B.2.1.1.1. 
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3.6N.2.2.3 Dynamic Analysis of the Reactor Coolant Loop Piping 
Equipment Supports and Pipe Whip Restraints 

 
Refer to Section 5.4.14. 
 
3.6N.2.3  Dynamic Analysis Methods to Verify Integrity and Operability 
 
3.6N.2.3.1  Protective Measures 
 
The fluid discharged from the ruptured piping will produce thrust and 
reaction forces in the piping systems.  The effects of these loadings 
are considered in assuring the continued integrity of the vital 
components and the engineered safety features (ESF). 
 
To account for these effects in the design, a combination of component 
restraints, barriers, and layout is utilized to ensure that for a loss 
of coolant, steam line break, or feedwater line break, propagation of 
damage from the original event is limited, and the components as 
needed, are protected and available. 
 
3.6N.2.3.2 Criteria for Protection Against Postulated Pipe Breaks in 

Reactor Coolant System Piping 
 
A loss or reactor coolant accident is assumed to occur for a branch 
line break down to the restraint of the second normally open automatic 
isolation valve (Case II on Figure 3.6N-2) on outgoing lines (it is 
assumed that motion of the unsupported line containing the isolation 
valves could cause failure of the operators of both valves to 
function) and down to and including the second check valve (Case III 
on Figure 3.6N-2) on oncoming lines normally with flow.  A pipe break 
beyond the restraint or second check valve will not result in an 
uncontrolled loss of reactor coolant if either of the two valves in 
the line close.  Accordingly, both of the automatic isolation valves 
are suitably protected and restrained as close to the valves as 
possible so that a pipe break beyond the restraint will not jeopardize 
the integrity and operability of the valves.  Further, periodic 
testing to ensure that the valves are capable of performing their 
intended function is essential.  These criteria apply to all
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branch lines with automatic isolation valves as the first isolation 
valve whether the lines are normally with or without flow (Case II on 
Figure 3.6N-2). 
 
This criterion takes credit for only one of the two valves performing 
its intended function.  For normally closed manual isolation valves or 
incoming check valves (Cases I and IV on Figure 3.6N-2) as the first 
isolation valve, a loss of reactor coolant accident is assumed to 
occur for pipe breaks on the reactor side of the valve. 
 
Branch lines connected to the RCS are defined as "large" for the 
purpose of these criteria as having an inside diameter greater than 4 
inches up to the largest connecting line, generally the pressurizer 
surge line.  Rupture of these lines results in a rapid blowdown from 
the RCS and protection is basically provided by the accumulators and 
the low head safety injection pumps. 
 
Branch lines connected to the RCS are defined as "small" if they have 
an inside diameter equal to or less than 4 inches.  This size is such 
that emergency core cooling system (ECCS) analyses using realistic 
assumptions show that no clad damage is expected for a break area of 
up to 12.5 in

2
 corresponding to 4 inch inside diameter piping. 

 
Engineered safety features are provided for core cooling and boration, 
pressure reduction, and activity confinement in the event of a loss of 
a reactor coolant or steam line break or feedwater line break accident 
to ensure that the public is protected in accordance with 10 CFR 50.67 
requirements.  These safety systems have been designed to provide 
protection for a RCS pipe rupture of a size up to and including a 
double ended severance of the RCS main loop.  In order to assure the 
continued integrity of the vital components and the ESF, consideration 
is given to the consequential effects of the break itself to the 
extent that: 
 

1. The minimum performance capabilities of the ESF are not 
reduced below those required to protect against the 
postulated break; 

 
2. The containment leak tightness is not decreased below the 

design value, if the break leads to a loss of reactor coolant 
(the containment is here defined as the containment structure 
liner and penetrations, the steam generator shell, the steam 
generator steam side instrumentation connections, and the 
steam, feedwater, blowdown and steam generator drain pipes 
within the containment structure); and 

 
3. Propagation of damage is limited in type and/or degree to the 

extent that: 
 

a. A pipe break which is not a loss of reactor coolant will 
not cause a loss of reactor coolant or steam or 
feedwater line break.  Certain limited exemptions to 
this rule have been granted for breaks occurring in 
Safety Class 2 portions of piping systems outside the 
reactor coolant pressure boundary which, if ruptured may 
result in a small LOCA or rupture of a steam generator 
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blowdown line.  These ruptures, however, are less 
limiting than the bounding events considered in the 
Beaver Valley Unit-2 Small Break LOCA ECCS Analysis and 
do not seriously impact the availability of the steam 
generator heat sink. 

 
b. A RCS pipe break will not cause a steam or feedwater 

system pipe break and vice versa. 
 
3.6N.2.3.2.1  Large Reactor Coolant System Piping 
 
Propagation of damage resulting from rupture of the main reactor 
coolant loop is permitted to occur but does not exceed the design 
basis for calculating containment and subcompartment pressures, loop 
hydraulic forces, reactor internals reactor loads, primary equipment 
support loads, or ECCS performance. 
 
Large branch line piping, as defined in Section 3.6N.2.3.2, is 
restrained to meet the following criteria in addition to items 1 
through 3 of Section 3.6N.2.3.2 for a pipe break resulting in a loss 
of reactor coolant with the exception of those lines considered under 
LBB (refer to Section 3.6B.2.1). 
 
A break in a pressurizer safety and relief line is allowed to 
propagate to the other two safety or relief lines since these lines 
are connected to the pressurizer above the pressurizer water level and 
the release of saturated steam is less severe than the loss of liquid 
coolant through a break of equal size. 
 
3.6N.2.3.2.2  Small Branch Lines 
 
In the unlikely event that one of the small pressurized lines, as 
defined in Section 3.6N.2.3.2, should fail and result in a LOCA the 
piping is restrained or arranged to meet the following criteria in 
addition to items 1 through 3 of Section 3.6N.2.3.2. 
 

1. Break propagation is limited to the affected leg, that is, 
propagation to the other leg of the affected loop and the 
other loops is prevented. 

 
2. In addition to the initial failure of a small pressurized 

line, propagation of the break in the affected leg is 
permitted but is limited to a total break area of 12.5 in

2
 (4 

inch inside diameter).  The exception to this case is when 
the initiating small break is a cold leg high head safety 
injection line.  Further propagation is not permitted for 
this case. 
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3. Damage to the high head safety injection lines connected to 
the other leg of the affected loop or to the other loops is  
prevented. 

 
4. Propagation of the break to a high head safety injection line 

connected to the affected leg is prevented if the line break 
results in a loss of core cooling capability due to a 
spilling injection line. 

 
3.6N.2.3.3  Protective Provisions for Vital Equipment 
 
In addition to pipe restraints, barriers and the arrangement of the 
vital equipment are used to provide protection from pipe whip, 
blowdown jet, and reactive forces. 
 
The following are some of the barriers utilized for protection against 
pipe whip.  The polar crane wall serves as a barrier between the 
reactor coolant loops and the containment liner.  In addition, the 
refueling cavity walls, the operating floor, and the crane wall, 
enclose each reactor coolant loop into a separate compartment, thereby 
preventing an accident, which may occur in any loop, from affecting 
another loop or the containment liner.  The portion of the steam and 
feedwater lines within the containment have been routed behind 
barriers which separate these lines from all reactor coolant piping. 
The barriers described previously will withstand loadings caused by 
jet forces and pipe whip impact forces. 
 
Other than for the ECCS lines, which must circulate cooling water to 
the vessel, the ESFs are located outside of the crane wall.  The 
safety injection accumulators are located at el 692 feet and are 
separated from the reactor coolant loops by physical barriers.  The 
ECCS lines which penetrate the crane wall are routed around and 
outside the crane wall to penetrate the crane wall in the vicinity of 
the loop to which they are attached. 
 
It has been demonstrated that lines hitting equal or larger size lines 
of the same schedule will not cause failure of the line being hit, for 
example, a 1 inch line, should it fail, will not cause subsequent 
failure of a 1 inch or larger size line.  The reverse, however, is 
assumed to be probable, (a 4 inch line, should it fail and whip as a 
result of the fluid discharged through the line, could break smaller 
size lines such as neighboring 3 inch or 2 inch lines).  In this case, 
the total break area is less than 12.5 in

2
 (refer to Section 

3.6B.1.3.2.3). 
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If the layout is planned such that whipping of the two free sections 
cannot reach equipment or other pipes for which protection is 
required, plastic hinge formation is permitted.  As an alternative, 
barriers are erected to prevent the whipping pipe from impacting on 
equipment or piping requiring protection.  Finally, tests and/or 
analyses are performed to demonstrate that the whipping pipe will not 
cause damage in excess of acceptable limits. 
 
Whipping in bending of a broken stainless steel pipe section such as 
used in the RCS does not cause this section to become a missile.  This 
design basis has been demonstrated by Westinghouse Nuclear Energy 
Systems bending tests on large and small diameter, heavy and thin 
walled stainless steel pipes. 
 
3.6N.2.3.4  Pipe Restraints and Locations 
 
Refer to Section 3.6B.2.5. 
 
3.6N.2.3.5  Design Loading Combinations 
 
Refer to Section 3.6B.2.3. 
 
3.6N.2.4  Guard Pipe Assembly Design Criteria 
 
Refer to Section 3.6B.2.4. 
 
3.6N.2.5  Material to be Submitted at the Operating License Review 
 
Refer to Section 3.6B.2.5. 
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TABLE 3.6B-1 
 

HIGH-ENERGY PIPING SYSTEMS 
 

                     Location                    
 

System 
UFSAR 
Section 

Inside 
Containment 

Outside 
Containment 

    
Auxiliary steam 10.4.10  X 

Blowdown - steam generator 10.4.8 X X 

Boron recovery 9.3.4.6  X 

Charging and volume control 9.3.4 X X 

Condensate - aux condensate 10.4.10  X 

Condensate -chemical treatment 10.3.5  X 

Condensate - demineralizer 10.4.6  X 

Condensate -main condensate 10.4.7  X 

Condensate - makeup, drawoff, 
  transfer, storage 
 

 
10.4.7 

 
 

 
X 

Electrohydraulic control 
system   -  turbine generator 
 

 
10.2 

 
 

 
X 

Extraction steam 
 

10.3  X 

Feedwater - chemical treatment 
 

10.3.5  X 

Feedwater - auxiliary feedwater 
 

10.4.9 X  

Feedwater - main 
 

10.4.7 X X 

Primary plant gas supply 
 

9.5.9 X X 

Gland steam 
 

10.4.3  X 

Heater drains - high-pressure 
 

10.4.7  X 

Heater drains - low-pressure 
 

10.4.7  X 

Main steam 
 

10.3 X X 

Reactor coolant 
 

5.2 X  

Residual heat removal 5.4.7 X  



 BVPS-2 UFSAR Rev. 12 

2 of 2 

TABLE 3.6B-1 (Cont) 
 
 

           Location         
 
 System 

UFSAR 
Section 

Inside 
Containment 

Outside 
Containment 

    
Service air system 
 

9.3.1.1  X  

Steam drains 
 

10.3  X 

Steam generator water cleanup 
 

10.4.8  X 

Safety injection 
 

6.3 X X 

Steam vents 
 

10.3  X 

Hydrogenated drains 
 

9.3.3 X X 

Sampling system (radioactive) 
 

9.3.2 X X 

Hot water heating 
 

10.4.10   

Emergency diesel - air start 
 

9.5.6  X 

Turbine plant sampling 
 

9.3.2  X 
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TABLE 3.6B-1a 
 

MODERATE ENERGY PIPING SYSTEMS 
 
 

System  Location 
 
 

UFSAR 
Section 

Inside 
Containment 

Outside 
Containment 

    
Air removal condenser 
 

10.4.2  X 

Auxiliary steam 
 

10.4.10  X 

Blowdown - steam generator 
 

10.4.8  X 

Boron recovery 
 

9.3.4.6  X 

Chilled water 
 

9.2.2.2  X 

Charging & volume control 
 

9.3.4 X X 

Circulating water 
 

10.4.5  X 

Circulating water - 
condenser tube cleaning 
 

10.4.5  X 

Component cooling -primary 
 

9.2.2.1 X X 

Component cooling -secondary 
 

9.2.7  X 

Condensate - auxiliary 
condensate 
 

10.4.10  X 

Condensate - chemical treatment 
 

10.3.5  X 

Condensate - demineralizer 
 

10.4.6  X 

Condensate - main condensate 
 

10.4.7  X 

Condensate - makeup, drawoff, 
  transfer, storage 
 

10.4.7  X 

Containment vacuum 
 

9.5.10 X X 

Decontamination 
 

9.2.3  X 

Domestic water 
 

9.2.4.2  X 

Drains - aerated 
 

9.3.3 X X 

Drains - hydrogenated 9.3.3 X X 
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TABLE 3.6B-1a (Cont) 
 
 

System  Location 
 
 

UFSAR 
Section 

Inside 
Containment 

Outside 
Containment 

    
Emergency diesel fuel 
 

9.5.4  X 

Emergency diesel generator system 
 

9.5.5  X 

Feedwater - chemical treatment 
 

10.3.5  X 

Feedwater - auxiliary feedwater 
 

10.4.9 X X 

Fire protection - water 
 

9.5.1 X X 

Fuel pool cooling and cleanup 
 

9.1.3 X X 

Gaseous waste 
 

11.3  X 

Gland steam 
 

10.4.3  X 

Heater drains - low press. 
 

10.4.7  X 

Hot water heating system 
 

10.4.10  X 

HVAC - control building 
 

9.4.1  X 

HVAC - decontamination building 
 

9.4.13  X 

HVAC - primary auxiliary building 
 

9.4.3  X 

HVAC - reactor building 
 

9.4.7 X X 

Hydrogen control  -  post-DBA 
 

6.2.5 X X 

Instrument air  -  containment 
 

9.3.1.3 X X 

Instrument air system 
 

9.3.1.1  X 

Leakage monitoring system 
 

9.5.10 X X 

Liquid waste system 
 

11.2  X 

Main generator - hydrogen 
 

10.2.2.5  X 

Main generator - seal oil 
 

10.2.2.4  X 
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TABLE 3.6B-1a (Cont) 
 

System  Location 
 
 

UFSAR 
Section 

Inside 
Containment 

Outside 
Containment 

    
Main turbine - lube oil 
 

10.2.2  X 

Neutron shield tank cooling 
 

9.2.2.3 X  

Primary grade water 
 

9.2.8  X 

Primary plant gas supply 
 

9.5.9  X 

Quench spray system 
 

6.3 X X 

Reactor coolant system 
 

5.2 X  

Recirculation spray 
 

6.3 X X 

Residual heat removal 
 

5.4.7 X  

Safety injection 
 

6.3 X X 

Sampling - primary plant 
 

9.3.2.1  X 

Sampling - turbine plant 
 

9.3.2.2  X 

Service air system 
 

9.3.1.1 X X 

Service water - chilled 
 

9.2.1.1  X 

Service water - emergency 
 

9.2.1.2  X 

Service water - marine growth 
control 
 

9.2.1.1  X 

Service water system 
 

9.2.1.1 X X 

Solid waste system 
 

11.4  X 

Steam generator water cleanup 
 

10.4.8  X 

Steam vents  -  feedwater 
 

10.4.11  X 

Vacuum priming system 
 

10.4.5  X 

Vents - aerated 
 

9.3.3  X 

Vents - gaseous 9.3.3 X X 
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TABLE 3.6B-1a (Cont) 
 
 

System  Location 
 
 

UFSAR 
Section 

Inside 
Containment 

Outside 
Containment 

    
Water  -  filtered 
 

----  X 

Water treating  -  demineralizer 9.2.3  X 
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TABLE 3.6B-2 
 

ESSENTIAL STRUCTURES, SYSTEMS, AND COMPONENTS REQUIRED FOR SAFE SHUTDOWN 
 
 

Item/Mark No. 
Building 

Location* 
Associated 

Support System**  
 
Required Safety Function*** 

    
REACTOR COOLANT SYSTEM 
 

  Reactor core integrity and heat removal 

 Reactor vessel/2RCS*REV21 
 

CS --- PB 

 Pressurizer/2RCS*PRE21 
 

CS  PB 

 Steam generator/2RCS*SG21A,B,C 
 

CS --- PB 

 Reactor coolant pumps/2RCS*P21A,B,C 
 

CS --- PB 

 Control rod drive mechanisms 
 

CS --- PB 

 Safety relief valves/2RCS*RV551A,B,C 
 

CS --- Op. 

PRESSURIZER PORVS AND BLOCK VALVES 
 

   

 2RCS*PCV455C CS E,C Op 
 2RCS*PCV455D    
 2RCS*PCV456   . 
 2RCS*MOV535    
 2RCS*MOV536    
 2RCS*MOV537 
 

   

REACTOR VESSEL HEAD LETDOWN VALVES 
 

   

 2RCS*SOV200A   Provide safety grade letdown capability 
 2RCS*SOV200B    
 2RCS*SOV201A CS E,C Op. 
 2RCS*SOV201B    
 2RCS*HCV250A    
 2RCS*HCV250B 
 

   

 Piping and valves required for reactor coolant 
pressure boundary protection. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
Support System**  

 
Required Safety Function*** 

    
RESIDUAL HEAT REMOVAL SYSTEM 
 

  Maintain integrity of reactor coolant pressure 
boundary and remove RCS decay heat (See 
Appendix 5A) 
 

RHS PUMPS 
 

CS E,C,CW Op. 

 2RHS*P21A    
 2RHS*P21B 
 

   

RHS ISOLATION VALVES 
 

CS E,C Op. 

 2RHS*MOV701A    
 2RHS*MOV701B    
 2RHS*MOV702A    
 2RHS*MOV702B    
 2RHS*MOV720A    
 2RHS*MOV720B 
 

   

RHS FLOW CONTROL VALVES 
 

CS --- FO 

 2RHS*HCV758A    
 2RHS*HCV758B    
 2RHS*FCV605A   FC 
 2RHS*FCV605B 
 

   

RHS HEAT EXCHANGERS 
 

CS CW PB 

 2RHS*E21A    
 2RHS*E21B 
 

   

RHS PUMP COOLERS 
 

CS CW PB 

 2RHS*E22A    
 2RHS*E22B 
 

   

RHS CROSSCONNECT VALVES 
 

CS --- PB 

 2RHS*MOV750A    
 2RHS*MOV750B    
    
 Piping and valves (SC-1) required for reactor 

coolant pressure boundary protection. 
CS --- PB 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
CHEMICAL AND VOLUME CONTROL SYSTEM 
 

CS --- High pressure safety 
injection/RCS makeup and boron 
addition 

 
 Charging pumps/2CHS*P21A,B,C 
 

AB C,E,CW Op. 

 Boric acid transfer pumps/2CHS*P22A,B 
 

AB C,E Op. 

 Boric acid tanks/2CHS*TK21A,B 
 

AB --- PB 

 Regenerative heat exchanger/2CHS*E23 
 

CS --- PB 

 Boric acid filter/2CHS*FLT21 
 

AB --- PB 

 Boric acid blender 2CHS*BL21 
 

AB --- PB 

 Valves required to operate: 
 

   

 2CHS*SOV206 AB E,C Op. 
 2CHS*MOV350    
 2CHS*LCV115B    
 2CHS*LCV115C    
 2CHS*LCV115D    
 2CHS*LCV115E    
 2CHS*MOV310    
 2CHS*MOV100A,B    
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
CHARGING PUMP SUCTION AND DISCHARGE VALVES 
 

   

 2CHS*MOV8130A AB E,C Op. 
 2CHS*MOV8130B    
 2CHS*MOV8131A    
 2CHS*MOV8131B    
 2CHS*MOV8132A    
 2CHS*MOV8132B    
 2CHS*MOV8133A    
 2CHS*MOV8133B    
 2CHS*LCV460A CS E,C Op./FC 
 2CHS*LCV460B 
 

   

 Piping and valves required for essential pressure 
boundary (heat tracing for piping included) 

 

   

SAFETY INJECTION SYSTEM   ECCS cooling water supply to maintain 
reactor water level and remove heat 
 

 LHSI pumps/ 
 2SIS*P21A,B 
 

SA E,C Op. 

 SI accumulators/ 
 2SIS*TK21A,B,C 
 

CS --- PB 

 Valves required to operate: 
 

   

 Low Head Safety Injection 
 

   

 2SIS*MOV8809A,B SA E,C Op. 
 2SIS*MOV8890A,B    
 2SIS*MOV8811A,B    
 2SIS*MOV863A,B    
 2SIS*MOV864A,B    
 2SIS*MOV8888A,B    
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TABLE 3.6B-2 (Cont) 
 

 
 Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
 2SIS*MOV8889 
 

   

 High Head Safety Injection 
 

   

 2SIS*MOV867A,B AB E,C Op. 
 2SIS*MOV867C,D CV E,C Op. 
 2SIS*MOV869A,B CV E,C Op. 
 2SIS*MOV836 CV E,C Op. 
 2SIS*HCV868A,B CV,AB E,C Op. 
 2SIS*MOV840 AB E,C Op. 
 2SIS*MOV841 
 

CV E,C Op. 

 Piping and valves required for essential pressure 
boundary (heat tracing for piping included). 

. 

   

MAIN STEAM SYSTEM   Maintain pressure boundary of steam 
generators and control steam release for 
heat removal 
 

 Valves required to operate: 
 

   

 2MSS*AOV101A,B,C Main steam isolation 
  valves 
 

MV E,C Op. 

 2SVS*PCV101A,B,C Atmospheric steam 
 2SVS*HCV104 dump valves 
 

MV E,C Op. 

 2SDS*AOV111A1,B1,C1 Steam drain lines 
 2SDS*AOV111A2,B2,C2 isolation 
 2SDS*AOV129A,B 
 

MV E,C FC 

 2MSS*SV101A,B,C Steam release safety 
 2MSS*SV102A,B,C valves 
 2MSS*SV103A,B,C 
 2MSS*SV104A,B,C 
 2MSS*SV105A,B,C 

MV --- Op. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
 2MSS*SOV105A-F Steam valves to turbine 
  driven auxiliary feedwater pump 
 

SA E,C Op. 

 Piping and valves required for essential pressure boundary. 
 

   

AUXILIARY STEAM SYSTEM 
 

   

 2ASS*AOV130A Header isolation 
 2ASS*AOV130B 
 

PT E,C Isolate HELB lines in auxiliary 
building 

FEEDWATER AND AUXILIARY FEEDWATER SYSTEMS   Decay heat removal by supply of 
cooling water to steam generators 
 

 Auxiliary feedwater pumps/ 
 2FWE*P23A,B Motor-driven 
 2FWE*P22 Turbine-driven 
 

 
SA 
SA 

 
E,C 
SS 

 

 
Op. 

 Primary plant demineralized water storage tank/ 
 2FWE*TK210 
 

 
Y 

 
--- 

 
PB 

 Valves required to operate: 
 2FWS*HYV157A,B,C Feedwater isolation 
 

 
MV 

 
E,C 

 
Op. 

 2FWS*FCV478,479 Feedwater control/bypass 
 2FWS*FCV488,489 valves 
 2FWS*FCV498,499 
 

SB E,C Op. 

 2FWE*HCV100A - F Auxiliary feedwater 
  supply 
 

SA E,C Op. 

 2FWE*SOV100A,B Chem. recirc. pump 
  suction valves 
 

Y E,C FC 

 2FWE*FCV122 Aux. feedwater pump 
 2FWE*FCV123A,B recirc. valves 
 

SA --- Op. 

 Piping valves required for essential pressure boundary.    
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
SERVICE WATER SYSTEM   Transfer of heat from reactor 

cooling systems to ultimate heat 
sink 

 
 Service water pumps and discharge valves 
 

IS CW,E,C Op. 

 2SWS*P21A,B,C 
 2SWS*MOV102A,B 
 2SWS*MOV102C1,C2 
 

   

 Bearing cooling water strainers/ 
 2SWS*STR-M-47 
 2SWS*STR-M-48 
 

IS E,C Op. 

 Control room cooling water pumps 
 2SWS*P25A,B 
 

 
CB 

 
E,C 

 
Op. 

 Valves required to operate: 
 

   

 2SWS*AOV118A,B,C Bearing  
  CW valves 

IS E,C FC 

    
 2SWS*MOV170A,B CW valves 
 

   

 2SWS*MOV104A,B,C,D RSS heat exchanger 
 2SWS*MOV105A,B,C,D isolation 
 

SA E,C Op. 

 2SWS*MOV106A,B SW header isolation 
 2SWS*MOV103A,B 
 

Valve pit 
outside 
(yard) 

E,C Op. 

 2SWS*MOV148A,B Air conditioning units and 
 2SWS*MOV113A,B,C,D diesel generator cooling 
 

CV 
DG 

E,C 
E,C 

Op. 
Op. 

 2SWM*MOV562 Chemical injection  
 2SWM*MOV563 isolation 
 2SWM*MOV564 
 2SWM*MOV565 

Valve pit E,C Op. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
 2SWS*MOV107A,B,C,D Isolate NNS portion 
 

AB E,C Op. 

 2SWS*MOV162 Cont. air recirc cooler 
 2SWS*MOV163 operation 
 2SWS*MOV164 
 2SWS*MOV165 
 

CV,CS E,C Although they do not have a safety function, 
they should be protected to allow for 
containment cooling whenever possible 

 2SWS*MOV160 
 2SWS*MOV161 
 2SWS*MOV166 
 2SWS*MOV167 
 2SWS*AOV114 
 2SWS*AOV110A,B,C 
 

CV 
 
 
 

CV 
CS 

E,C 
 
 
 

--- 
--- 

 

 Piping and valves required for essential pressure 
boundary. 

 

   

 2SWS*FCV120A,B MSVH cooling coil supply 
 valves 

 

MV E Only required for cold shutdown. 

GASEOUS NITROGEN SYSTEM 
 

  Maintain SI accumulator 
integrity and pressure 

 
 2GNS*SOV853A-F SI accumulator vent 
 2GNS*SOV854A,B lines 
 

CS E,C Op. 

 Piping and valves required for 
essential pressure boundary. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
RECIRCULATION AND QUENCH SPRAY SYSTEMS   Containment spray and recirculation of 

ECCS water following an accident 
 

 Recirculation spray pumps/2RSS*P21A,B,C,D 
 

SA E,C Op. 

 Recirculation spray coolers/2RSS*E21A,B,C,D 
 

SA CW PB 

 Quench spray pumps/2QSS*P21A,B SA E,C Op. 
    
 Refueling water storage tank/2QSS*TK21 Y --- PB 
    
 Valves required to operate: 
 

   

 2QSS*MOV100A,B 
 2QSS*MOV101A,B 
 

 
SA 

 
E,C 

 
Op. 

 2QSS*SOV101B 
 2QSS*SOV102B 
 2QSS*AOV120A,B 
 

 
 

SA 

 
 

E,C 

 
 
FC 

 2RSS*MOV155A,B,C,D 
 2RSS*MOV156A,B,C,D 
 2RSS*MOV154C,D 
 

 
SA 

 
E,C 

 
Op. 

 Piping and valves required for essential pressure 
boundary. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
PRIMARY SAMPLING SYSTEM 
 

   

 2SSR*AOV117A,B,C 
 

CV E,C FC 

STEAM GENERATOR BLOWDOWN SYSTEM   Maintain pressure boundary integrity of 
steam generators 
 

 2BDG*AOV100A1,B1,C1 
 2BDG*AOV101A1,B1,C1 
 2BDG*AOV101A2,B2,C2 
 

CV 
CS 
CS 

E,C 
E,C 
E,C 

FC 
Isolate HELB lines in cable vault 

 2BDG*AOV102A1,B1,C1 
 2BDG*AOV102A2,B2,C2 
 

CS E,C FC 

 Piping and valves required for essential pressure 
boundary. 

 

   

POST-DBA HYDROGEN CONTROL SYSTEM   Remove hydrogen from containment 
following an accident 
 

    
    
    
There is no safety function associated with the Hydrogen Control System. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
 Hydrogen Analyzers/2HCS*HA100A,B 
 

CV E,C Op. 

 Valves required to operate: 
 

   

 2HCS*SOV114A,B 
 2HCS*SOV115A,B 
 2HCS*SOV116 
 2HCS*SOV117 
 

SA E,C Op. 

 2HCS*SOV133A 
 2HCS*SOV133B 
 2HCS*SOV134A 
 2HCS*SOV134B 
 2HCS*SOV135A 
 2HCS*SOV135B 
 2HCS*SOV136A 
 2HCS*SOV136B 
 

CS 
CS 
SA 
SA 
CS 
SA 
CS 
SA 

E,C Op. 

 Piping and valves required for essential pressure 
boundary. 

 

   

VENTILATION SYSTEMS   Maintain environment for essential 
components and provide filtration of airborne 
radiation 
 

CONTAINMENT AIR RECIRCULATION SYSTEM 
 

   

 2HVR-CLC201A,B,C 
 2HVR-FN201A,B,C 
 

CS E,C,CW Although they do not have a safety function, 
they should be protected to allow for 
containment cooling whenever possible 
 

A/C CONDENSERS AND COOLING COILS - CONTROL 
ROOM BLDG 
 

   

 2HVC*CLC219 
 2HVC*REF24A,B 
 2HVR*ACU201A,B 

AB 
CB 

CW 
E,C 

PB 
Op. 
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TABLE 3.6B-2 (Cont)  
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
SAFEGUARDS AREA 
 

   

 2HVR*ACU207A,B 
 

SA E,C,CW Op. 

ROD CONTROL AREA 
 

   

 2HVR*ACU208A,B CV E,C,CW Op. 
MCC Room - El 755’-6” 
 

   

 2HVP*CLC265A,B 
 2HVP*FN265A,B 
 

AB CW 
E,C 

Op. 

SUPPLEMENTARY LEAK COLLECTION SYSTEM 
 

   

 2HVS*FN204A,B 
 

AB E,C Op. 

 2HVS*MSP21A,B 
 2HVS*CH219A,B 
 2HVS*FLTS250A,B 
 2HVS*FLTA204A,B 
 2HVS*FLTA205A,B 
 2HVS*FLTA206A,B 
 2HVS*FLTA207A,B 
 2HVS*FLTA208A,B 
 2HVS*FLTA209A,B 
 

   

CONTROL ROOM EMERGENCY VENTILATION  SYSTEM 
 

   

 2HVC*FN241A,B 
 2HVC*CH222A,B 
 2HVC*FLTA251A,B 
 2HVC*FLTA252A,B 
 2HVC*FLTA253A,B 
 2HVC*MSP21A,B 
 

CB E,C Op. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
MAIN STEAM VALVE HOUSE 
 

   

 2HVR*CLC206A,B 
 2HVR*FN206A,B 
 

MV CW 
E,C 

Only required for cold shutdown 

SUPPLY AND EXHAUST FANS 
 

   

 2HVP*FN264A,B (Exh) 
 2HVD*FN270A,B (Sup) 
 2HVD*FN271A,B (Sup) 
 2HVD*FN222A,B (Exh) 
 2HVZ*FN261A,B (Sup) 
 2HVZ*FN262A,B (Exh) 

AB 
DG 

 
 

CV 

E,C Op. 

 2HVZ*FN262A,B (Exh) 
 2HVZ*FN216A,B (Exh) 
 2HVW*FN257A,B,C (Sup) 
 2HVC*FN266A,B (Sup) 
 2HVC*FN265A,B (Exh) 
 

 
 

IS 
AB 

  

 Temperature and pressure sensing devices in each 
area for operating the above equipment 

 

AB,CB,DG 
IS,SB,CV 

SA 
 

E,C Op. 

 Ductwork and dampers for essential flow paths 
 

   

EMERGENCY DIESEL GENERATOR FUEL OIL SYSTEM   Operation of diesel generators to supply 
Class 1E bus 
 

 Fuel oil storage tanks/2EGF*TK21A,B 
 

Y,DG --- PB 

 Fuel oil day tanks/2EGF*TK22A,B 
 

DG --- PB 

14.9 
 

   

 Fuel oil transfer pumps/2EGF*P21A,B,C,D 
 

DG E,C Op. 

 Piping and valves required for 
essential pressure boundary. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
EMERGENCY DIESEL GENERATOR AIR START SYSTEM 
 

  

 Air start tanks    
 2EGA*TK21A,B DG --- PB 
 2EGA*TK22A,B 
 

DG --- PB 

 Piping, valves, and appurtenances required for 
essential pressure boundary. 

 

DG E,C PB, Op. 

EMERGENCY DIESEL GENERATOR AIR INTAKE AND EXHAUST SYSTEM 
 

  

 Air intake filters 
 2EDG*FLTA1A,1B 
 

 
DG 

 
--- 

 
PB 

 Air intake silencer 
 2EDG*SIL2A&2B 
 2EDG*SIL1A&1B 
 

 
DG 
DG 

 
--- 
--- 

 
PB 
PB 

 Air exhaust silencer 
 2EDG*SIL3A&3B 
 

 
DG 

 
--- 

 
PB 

 Piping required for essential pressure boundary. 
 

DG --- PB 

EMERGENCY DIESEL GENERATOR COOLING WATER SYSTEMS 
 

   

 Expansion tank 2EGS*TK1A,B 
 

DG --- PB 

 Piping, valves, and appurtenances required for 
essential pressure boundary. 

 

DG E,C PB, Op. 

CONTAINMENT ISOLATION SYSTEM   Maintain containment integrity after an 
accident 
 

 Piping and isolation valves for containment integrity 
(Table 6.2-60)  

 

CS and 
connecting 
structures 

E,C Op. 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
COMPONENT COOLING WATER SYSTEM 
 

   

 CCP pumps 2CCP*P21A,B,C 
 

AB E,C Op. 

 CCP heat exchangers 2CCP*E21A,B,C 
 

AB --- PB 

 CCP surge tank 2CCP*TK21A,B 
 

AB --- PB 

 CCP flow control valves 
 2CCP*DCV100-1 
 2CCP*DCV100-2 
 

AB E,C Op. 

 CCP supply valves 
 

CV,CS E,C Op. 

 2CCP*MOV150-1 
 2CCP*MOV150-2 
 2CCP*MOV151-1 
 2CCP*MOV151-2 
 2CCP*MOV156-1 
 2CCP*MOV156-2 
 2CCP*MOV157-1 
 2CCP*MOV157-2 
 2CCP*MOV112A,B 
 2CCP*MOV177-1 
 2CCP*MOV177-2 
 2CCP*MOV178-1 
 2CCP*MOV178-2 

 
 
 
 
 
 
 
 
 

AB 
 

  

 2CCP*MOV175-1 
 2CCP*MOV175-2 
 2CCP*MOV176-1 
 2CCP*MOV176-2 
 2CCP*MOV128A,B 
 2CCP*MOV118 
 2CCP*MOV119 
 2CCP*MOV120 
 2CCP*AOV171 
 2CCP*AOV172 
 2CCP*AOV173 
 2CCP*AOV174 
 

AB 
 
 
 
 

CV 
 
 

CS 

E,C Op. 
 
 
 
 
 
 
 
FC 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
 2CCP*AOV107A,B,C CS E,C Only required to operate after a thermal 

barrier rupture 
 

 CCP piping valves and components required for 
ESF and SS pressure boundary. 

 

   

FUEL POOL COOLING AND PURIFICATION SYSTEM 
 

   

 FP Cooling Pumps 2FNC*P21A,B 
 

FB E,C Op. 

 FP Coolers 2FNC*E21A,B 
 

FB --- PB 

 FNC piping and valves required for ESF and SS 
pressure boundary. 

 

   

INSTRUMENTATION 
 

   

 RCS hot leg temperature 
 

CS E Post-accident monitoring 

 RCS cold leg temperature 
 

CS E Post-accident monitoring 

 Pressurizer level 
 

CS E,C Reactor trip/Post-accident monitoring 

 Pressurizer pressure CS E,C Initiation of safety injection/Reactor trip 
 

 RCS hot leg pressure 
 

CS E Cold overpressure protection 

 RCS wide range pressure 
 

CV E Post-accident monitoring 

 Steam line pressure MV E,C Steam line isolation/Initiation of safety 
injection/Post-accident monitoring 
 

 Steam line pressure for atmospheric steam dump 
 

MV E,C Control of steam dump for decay heat 
removal 
 

 Core exit temperature 
 

CS E Post-accident monitoring 

 HELB temperature elements, ASS and BDG lines AB,CV E,C Indicate a HELB in the aux. bldg. or cable 
vault, send signal to valves to isolate break 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System  

 
Required Safety Function*** 

    
 Aux. feedwater flow transmitters 
 

SA E,C Post-accident monitoring 

 Neutron flux detectors 
 

CS E Post-accident monitoring 

 HVAC temperature/pressure sensors AB,CB,CV,SB, 
IS,DG,SA,MV 

E Temp. monitoring to keep environments below 
Class 1E equipment qualification parameters or 
startup of redundant Cat. I HVAC equipment to 
account for single failure 

    
 Steam generator narrow - range level 
 

CS E,C Feedwater isolation/Auxiliary feedwater pump 
start/Reactor trip 
 

 Steam generator wide - range level CS E Post-accident monitoring 
 

 Primary plant demin. water storage tank level 
 

Y E Post-accident monitoring/auxiliary feedwater 
supply 
 

 Containment pressure CV E,C Initiation of safety injection and containment 
isolation signals on high and high-high 
containment pressure, post-accident monitoring 
 

 RWST level Y E Post-accident monitoring and transfer to 
recirculation mode 
 

 Containment sump level CS E Post-accident monitoring and reactor coolant 
pressure boundary leak detection 
 

 Containment sump temperature CS E Post-accident monitoring 
 

 HHSI flow/RCS boration CV,AB E Post-accident monitoring 
 

 RHS flow CS E Post-accident monitoring 
 

 RCS flow CS E Low RCS flow reactor trip 
 

 CCP flow AB E Post-accident monitoring 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
 Recirculation spray pump minimum flow actuation SA E,C Provide pump protection during accident 

conditions 
 

 Fuel pool level and temperature FB E Post-accident monitoring 
 

 LHSI pump recirculation control SA E,C Provide pump protection during accident 
conditions 
 

 Recirculation spray/SWS HX radiation monitors DG E Post-accident monitoring 
 

 Containment purge radiation monitor CS E Post-accident monitoring controls release of 
radioactivity from containment 
 

 Main steam discharge radiation monitors 
 

MV E Post-accident effluent release monitoring 

 In containment hi-range radiation monitors 
 

CS E Post-accident monitoring inside containment 
 

 SW pump bearing CW supply 
 

IS E,C Provide bearing cooling for SW pump 
operation to supply cooling water 
 

 Boric acid tank level 
 

AB E Post-Accident Monitoring 

 D/G day oil tank level control DG E,C Control fuel oil supply for D/G power to Class 
1E buses 
 

 Turbine Driven Aux. Feedwater Pump discharge 
pressure switch 

 

SA E,C Identifies failure of turbine driven pump and 
activates motor driven pumps 

 Service Water Supply Header pressure Y E,C Activates standby service water pumps on low 
service water supply header pressure 
 

 Component cooling water flow and pressure 
transmitters 

 

CS E,C Detect rupture in reactor coolant pump 
thermal barriers 

CONTROL SYSTEMS 
 

   

 Same as Table 3.2-1 E  Initiation and operation of essential functions 
and components 
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TABLE 3.6B-2 (Cont) 
 

 
Item/Mark No. 

Building 
Location* 

Associated 
 Support System**  

 
Required Safety Function*** 

    
ELECTRICAL SYSTEMS 
 

   

 Same as Table 3.2-1 C  Class 1E power supply for essential 
components 
 

STRUCTURES 
 

   

 Same as Table 3.2-2   Protection and separation of essential 
components 

 
 

NOTES: 
 

   * Building Location Symbols 
 
  AB - Auxiliary Building 
  CB - Control Building 
  CS - Containment Structure 
  CV - Cable Vault and Rod Control Area 
  DG - Diesel Generator Building 
  FB - Fuel Building 
  IS - Intake Structure 
  MV - Main Steam Valve Area 
  PT - Pipe Tunnel Area 
  SA - Safeguards Area 
  SB - Service Building 
  Y - Yard 

  ** Associated Support System Symbols 
 
  A - Air Supply 
  C - Controls 
  CW - Cooling Water 
  E - Electrical Power 
  Ht - Heat Tracing 
  SS - Steam Supply 
 
 *** Required Safety Function Symbols 
 
  NR - Not Required 
  Op. - Component Operability 
  PB - Pressure Boundary Only 
  FO - Fail Open 
  FC - Fail Closed 
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TABLE 3.6B-3 
 

ENERGY-ABSORBING CAPACITY OF 10-INCH PIPES 
 
 
 
 

Schedule 

Crush Displacement 
d (0.7 x I.D.) 

         (inches)          

 
Energy 
(in-kips) 

   
120 

 
6.245 1,860 

100 
 

6.520 1,405 

  80 
 

6.695    969 

  60 6.825    694 
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TABLE 3.6B-4 
 

PIPING LINES INCLUDED IN THE LBB PROGRAM 
 
 
 

Line Number(2) OD Wall Material Location(1) Note 
      
2-SIS-006-012-1 6.625 0.718 SA376 TYPE 316 CUBICLE A 3 
2-SIS-006-269-1 6.625 0.718 SA376 TYPE 316 CUBICLE A 3 
2-SIS-006-015-1 6.625 0.718 SA376 TYPE 316 CUBICLE B 3 
2-SIS-006-270-1 6.625 0.718 SA376 TYPE 316 CUBICLE B 3 
2-SIS-006-016-1 6.625 0.718 SA376 TYPE 316 CUBICLE C 3 
2-SIS-006-271-1 6.625 0.718 SA376 TYPE 316 CUBICLE C 3 
2-SIS-006-026-1 6.625 0.718 SA376 TYPE 316 CUBICLE A 3 
2-SIS-006-268-1 6.625 0.718 SA376 TYPE 316 CUBICLE A 3 
2-SIS-006-024-1 6.625 0.718 SA376 TYPE 316 CUBICLE B 3 
2-SIS-006-266-1 6.625 0.718 SA376 TYPE 316 CUBICLE B 3 
2-SIS-006-025-1 6.625 0.718 SA376 TYPE 316 CUBICLE C 3 
2-SIS-006-267-1 
 

6.625 0.718 SA376 TYPE 316 CUBICLE C 3 

2-RCS-008-020-1 8.625 0.906 SA376 TYPE 304 CUBICLE A 3 
2-RCS-008-021-1 8.625 0.906 SA376 TYPE 304 CUBICLE A 3 
2-RCS-008-040-1 8.625 0.906 SA376 TYPE 304 CUBICLE B 3 
2-RCS-008-041-1 8.625 0.906 SA376 TYPE 304 CUBICLE B 3 
2-RCS-008-060-1 8.625 0.906 SA376 TYPE 304 CUBICLE C 3 
2-RCS-008-061-1 
 

8.625 0.906 SA376 TYPE 304 CUBICLE C 3 

2-RHS-010-023-1 10.750 1.125 SA376 TYPE 316 CUBICLE B 3 
2-RHS-010-024-1 
 

10.750 1.125 SA376 TYPE 316 CUBICLE C 3 

2-RHS-012-001-1 12.750 1.312 SA376 TYPE 316 CUBICLE A 3 
2-RHS-012-056-1 
 

12.750 1.312 SA376 TYPE 316 CUBICLE A 3 

2-SIS-012-289-1 12.750 1.312 SA376 TYPE 316 CUBICLE A 3 
2-SIS-012-067-1 12.750 1.312 SA376 TYPE 316 CUBICLE A 3 
2-SIS-012-066-2 12.750 1.312 SA376 TYPE 316 CUBICLE A 3 
2-SIS-012-250-2 12.750 0.375 SA376 TYPE 304 CUBICLE A 3 
2-SIS-012-288-1 12.750 1.312 SA376 TYPE 316 CUBICLE B 3 
2-SIS-012-071-1 12.750 1.312 SA376 TYPE 316 CUBICLE B 3 
2-SIS-012-070-2 12.750 1.312 SA376 TYPE 316 CUBICLE B 3 
2-SIS-012-252-2 12.750 0.375 SA376 TYPE 304 CUBICLE B 3 
2-SIS-012-287-1 12.750 1.312 SA376 TYPE 316 CUBICLE C 3 
2-SIS-012-069-1 12.750 1.312 SA376 TYPE 316 CUBICLE C 3 
2-SIS-012-068-2 12.750 1.312 SA376 TYPE 316 CUBICLE C 3 
2-SIS-012-251-2 12.750 0.375 SA376 TYPE 304 CUBICLE C 3 
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TABLE 3.6B-4 (Cont) 
 
 

Line Number(2) OD Wall Material Location(1) Note 
      
2-RCS-014-084-1 14.00 1.406 SA376 TYPE 304 PRESSURIZER 

CUBICLE 
4 

      
2-RCS-029-1-1 29.00 2.45 SA376 TYPE 304 CUBICLE A 5 
2-RCS-031-2-1 31.00 2.60 SA376 TYPE 304 CUBICLE A 5 
2-RCS-275-3-1 27.50 2.32 SA376 TYPE 304 CUBICLE A 5 
2-RCS-029-4-1 29.00 2.45 SA376 TYPE 304 CUBICLE B 5 
2-RCS-031-5-1 31.00 2.60 SA376 TYPE 304 CUBICLE B 5 
2-RCS-275-6-1 27.50 2.32 SA376 TYPE 304 CUBICLE B 5 
2-RCS-029-7-1 29.00 2.45 SA376 TYPE 304 CUBICLE C 5 
2-RCS-031-8-1 31.00 2.60 SA376 TYPE 304 CUBICLE C 5 
2-RCS-275-9-1 27.50 2.32 SA376 TYPE 304 CUBICLE C 5 

 
 
 
NOTES: 
 
1. All lines located inside containment structure.  See Figure 3.8-3 for location plan of 

cubicles. 
 
2. These lines are exempted from consideration of pipe whip and jet impingement effects 

as pipe break concerns are addressed using a leak-before-break approach. 
 
3. These pipelines are qualified for LBB by the WHIPJET Program as described in 

Section 3.6B-4. 
 
4. Pipeline 2-RCS-014-084-1 (Pressurizer Surge Line) was originally part of the WHIPJET 

Program.  As part of the reanalysis to address surge line stratification (NRC Bulletin 
88-11), WCAP-12093 was developed.  This reanalysis incorporated LBB for the surge 
line, which effectively removed it from WHIPJET. 

 
 RIS 2010-07 describes a concern that the application of structural weld overlay may 

affect the results of LBB.  The pressurizer surge line was reanalyzed for LBB in 
WCAP-17394-P to address weld overlay and RIS 2010-07. 

 
5. The reactor coolant loop piping was originally qualified for LBB in WCAP-11923.  

Updated loop piping analysis for LBB can be found in WCAP-17488-P. 
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PROCESS PIPE 

IMPACTED CRI4SH PIPE 

BEARI NG PLATE 

PI PE CRUSH BUM~R 

--++--~ RECTANGULAR WASHER 

END VIEW OF PIPE 

FIGURE 3.68-9 
PIPE CRUSH BUMPER 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



P 
I 

LAMINATED 
STRIP 

PROCESS 
PIPE 

SPHERICAL 
BEARING 

RETAINER 
RING 

PIN 

------

J. L_ rl /."':-.. h 
I I ,\:" I I I 
I I ~ I 
I L ____ .J : 
I I 

ATTACHMENT STRUCTURE 

FIGURE 3.68-10 
TWO-PIN LAMINATED PIPE 
RUPTURE RESTRAINT 
BEAVER VALLEY POWER STATION-UNIT2 
FINAL SAFETY ANALYSIS REPORT 



(2- PER SIDE) 

ARCH 

PIPE RUPTURE 
RESTRAINT BODY 

---H--+-I--~- P 
3 

PANEL 

SHEAR BLOCK 
(TyP) 

RESTRAINT 
ATTACHMENT 

PANEL SECTION A-A 

FIGURE 3.68-11 
OMNI- DIRECTIONAL PIPE 
RUPTURE RESTRAINT 

DEAD WEIGHT 
SUPPORT 

BEAVER VALLEY POWER STATION-UNIT2 
FINAL SAFETY ANALYSIS REPORT 



o 
W 
..J 
;l 
o 

EL. 775'-8" 

EL. 779'-8" 

2FWS -011-22-2 (C·, 
CL EL 775'-8' 

NOTES: N- BREAK NUMBER 
1. BREAK DESIGNATIOj IN'\WHERE X - TYPE COR L (CIRCUMFERENTIAL 

2FWS-N-Z-X ,&' OR LONGITUDINAL' 
Y - REASON (EA or TE) 
Z - LOCATION (C or A) 

2. BREAK REASON1 EA-LOCATION EXCEEDS ALLOWABLE STRESS. 
NOMINCLATURE J TE- TERMINAL END (/I) ANCHOR/EQUIPMENT • 

__ -I-~r..- 2FWS-PRR823 
120-·00'AZ 

. . : .. :.~: 
-~-

,. 

VIEW 2-2 

FIGURE 3.66-12 

PIPE BREAK/RESTRAINT LOCATIONS 
FEEDWATER SYSTEM (FWS) 
INSIDE REACTOR CONTAINMENT 

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

I 

___ )~:~~~:~~ __ ~~~~ _________ ~!~uf)y~?~~~~~0~?~~~~~~ ____ ____________________________________________________________________________________________________________________________ ; 



, , 

t REACTOR 

X-76 I 
.. PENETRATION X-78 

I 
I CONTAINMENT WALL 

E==:E3-tEL.784'-6" 

I 

I 

NOTE: 
I.. DIMENSION IS LENGTH OF PIPE DOWNSTREAM OF 

ISOLATION VALVE IN 8REAK EXCLUSION ZONE. 

VI 

BREAK 
EXCLUSION 

ZONE 
(TYPo) 

2. BREAK DESIGNATION X~Y WHERE, X --.. TYPE C OR L (CIRCUMFERENTIAL OR ~ @ N ~ BREAK NUMBER 

2FWI -N -Z - X LONGITUDINAL) 
Y -+ REASON (EA or TE) 
Z ~ LOCATION (0- OUTSIDE) 

3. BREAK REASONl EA = LOCATION EXCEEDS ALLOWABLE STRESS. 
NOMINCLATUREJ TE. TERMINAL END(ci) ANCHOR/EOUIP./BRANCH CONNECTIONS. 

I-I"I"I!"~-----:::~I!"T.""'EL. 780'-6" 
·~4~~. 

TURBINE 
BUILDING 

.4: 

(
1I'Wa.018-20-4 
"!L.7114'-8" 

1:'4',!I, 
C:~ 

:toa------,.-tlEL. 760'-6" 

VIEW 5-5 

PIPE CHASE 

FIGURE 3.6B-13 
FEEDWATER SYSTEM (FWS) 
OUTSIDE CONTAINMENT 

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

l ___ )~:~~~:~01~_~~~~ _________ ~!~~)Y __ ~_~~~_~ __ ~~9~ ____ ____________________________________________________________________________________________________________ ----------------, 



1 IIAIN STUN 
"ALVE HOUSE ..... 

"TI 

"RUCTOR 

I 
I 

.......... 1-.-
I j- .. ...au-•• 

CONTAINMENT WAL.L. 

IRiAlC 
EXCLUSION 

ZONE 

.:==u:: ... I (m, . ..•. 
art 

l ~7 
\ -C"T L_ '~-"1-i--

~ 1\ 
- 'r-,. •• OS.I·ii·. 

----~ 

.~.~\ \1 \ ,n NOTE. 
1. DIMENSION II LENGTH OF PIPE DOWNSTREAM or 

ISOlATION VAL.VE IN IitEAK nCLUSION ZONE. 

2. nulC DEllIaNATION 1 IN\ N - ''''AK HUllnlll 
aMII-N'Z-X J ~WHEitE. x- r.:!ua,~='~~LAND/OR 

LONGITUDINAL' 
Y - "EAION (IA., TI) 
Z - LOCATION (0- OUTSIDE) 

J. aRIAIC REASON} EA- LOCATION EXCEED. Au.GWAILI ITR'''. 
HOMINCLATUItI n;. T!RMlNAL END AT ANCHOR/EQUIP./IlltUCH CO,...ECTIOHS. 

\ 

......... T-__ PIPI CHASE 

....... ''-11.060---10.- I-II.-MIII'" 

TUIIIIN! BUILDING 

FIGURE 3.68-14 (1 OF 2) 
MAIN STEAM SYSTEM (MSS) 
OUTSIDE CONTAINMENT 

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

I 
I 
I 

____ J~:~~R:?~t~~~!~~ _________ ~!~u~)~~~~_~~~0~~~t~~~~ _______________________________________________________________________________________________________________________________ : 



WEST SOUTH EAST 

'iH--Ht--l~t EL. 766'-a" 

VIEW 7-7 

" . . ",: .. , .; ...•... , ... ':~. :;',~'~" 
' .. 

MAIN STEAM PIPE CHASE 

PM-I37 PM-147 PRR-157 

WElT. lOUTH, EAlT 

TURBINE 
BUILDING 

VIEW 9-9 

SERVICE 
BUILDING 

FIGURE 3.68-14 (2 OF 2) 
MAIN STEAM SYSTEM (MSS) 
OUTSIDE CONTAINMENT 

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

I 
I 

I I 
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BK# ZMSS -OOl-C-C 

STEAM GENERATOR 
ZRCS*SGZIA 

STEAM GENERATOR 
ZRCS*SGZIB 

I 

I 
&1 ! - ' 

\, 
\ \ 
\ 
\ 
\ 

2-1/55- 032~5-1!(A-J 

~, 
\ \ 

I, 
I , 

\ 

2MSS-PRR862 
20S-32'AZ 
CL EL 805'-1' --~ 

o· 
I 

" -
t"· . 

..... ..------~----
..... ~ i 

,-,/,/,' : 
BK#ZMSS'OOl-C-C 

2-RCS*SG-2IA 

/ 
I 

BK # ZMSS-005-C-<: 

I~ 
'1 ~ 

2-MS5-032-39-1!(B-) • a: 

I 

--....I...-I-\J. __ '--

PLAN 

, 
\ 

\ 

/ 

, 

90· 

2M5S -PRR828 
106· 4ZAZ 

, I' 
CL EL 804-IIZ i 

~.;f 2MSS-PRR826 
1210 II' AZ 
CL EL 8OS'-I' 

\ !f),// 

'k' //;~,~" 
/ CL EL 8OS'-I' 

-' I {?'.:\ , 

BK # ZMSS-009-<:-<: 

STEAM GENERATOR 
2RCS*SG2IC 

FIGURE 3.69-15 
PIPE BREAK AND RESTRAINT LOCATIONS­
MAIN STEAM PIPING 
INSIDE CONTAINMENT 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REV. 18 

REFER TO 
FIGURE 3.68 - l8A 

ATTACHES TO 
~--~~------------~~----_K~---M--~----~----~COLDLEG-LOOP22 

PIA-on 

2RCS -004-202-1 2RCS-006-215-1 

~ t 

2RCS-006-257-1 
PRESS SPRAY LINE DRAIN 
CONTINUED ON 
FIGURE 3.68-168 

NOTES: 

PRESSUR IZER 
ZRCI*PRE21 

2RCS -004-173-1 

PSA-012 

2RCS-004-81-1 

27.1"_ 3 
2 

1. PIPING NOT TO SCALE; DIAGRAMMATIC FOR CLARITY. 

2. BREAl< OESIGNATON} fi:'\ N --. SAEAK NUMBER 
2RCS-N-Z-X \tV WHERE, X~TYPE (C or L) 

Y ---.. REASON (TE or EA) 
Z -.LOCATION (C or A) 

I 

3. BREAK REASON} EA:: EXCEEDS ALLOWABLE STRESS. 
NOMINCLATURE TE= TERMINAL ENDS AT ANCHOR/EOUIPMENT AND BRANCH 

CONNECTIONS/PRESSURE BOUNDARIES. 

4. BREAKS ON THE CHS PIPING ARE SHOWN ON FIGURE 3.6B-18. 

2RCS - 275-6- 1 

2CHS-002-25-2 

2RCS-004-172-1 

FIGURE 3.6B-16A 

REACTOR COOLANT SYSTEM (RCS) 
(PRESSURIZER/AUXILIARY SPRAY) 
INSIDE REACTOR CONTAINMENT 

BEAVER VALLEY POWER STATION UNIT NO.2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

PREPARED ON ,A? CAEDDt : 31-MAR-2010 09:49 M:\u2\UFSAR\g306b016o.dgn THE CNSIJ c....=t.,~ SYSTEM 

~----------------------------------------------------------------------------------------------------------------------------------~-----------------------------------------_. 



r----------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------

REV. 18 
2RCS-029- , - 1 2RCS-029-4-' PRESSURIZER SPRAY 2RCS-029-7-1 

LINE DRAIN 
2RCS-O~1-2- 1 2RCS-031- 5 - 1 CONTINUED ON 2RCS-031 .. 8 .. 1 

.... ~-----MOV-557A 

Taa 

2RCS-OOZ-lti8-1 2085 .. 002- 1-1 

2RCS-002-25-1 

2D6S .. 002 .. 1 .. ' 

7 

MOY .. 557B 

2RCS-002-47 -1 

200s-002- 1- 1 

2CHS-002-443-1 

SAFETY 
CLASS 1 SC-! 

FIGURE 3.6B·16A I 
PRIMARY DRAINS 
TRANSFER TANK 
2OGS-TK21 7!5A 

NNS 

t 
~ 

SC-l 

C-T 

2DGS-002~ 
EXCESS LETDOWN 
HEAT EXCHANGER 
2CHS*E25 

FIGURE 3.66-166 

REACTOR COOLANT SYSTEM 
(LOOP DRAIN/EXCESS LETDOWN) 
INSIDE REACTOR CONTAINMENT 

BEAVER VALLEY POWER STATION UNIT NO.2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

PREPARED ON" i'",? CAEW 
16-APR-2010 07:25 M:\u2\UFSAR\g306b016b.dgn THE CNSU ~::':1-1"-~ SYSTEM I 

__________________________________________________________________________________________________________________________________ ~ __________________________________________ 1 



REV. 17 

2RCS-1ZI12-112-4 
ATTACHES TO 
PRESSURIZER 
RELIEF TANK 

2RCS-1ZI1ZI6-111-4 

2RCS-006-11Z11-1 

2RCS-1ZI1ZI6-242-4 
2RCS-1ZI1ZI3-11Z18-1 

PCV-455D 
2RCS-1ZI06-107 -1 

2RCS-006-156-4 

2RCS-01Z16-111-4 

q 

I C-EA 2RCS-1ZI1ZI3-111Zl-1 

NNS-+SC-l 

30-JUL -2007 08:06 M:\u2\UFSAR\g306b016c.dgn 
-----------------------------------------------------------------------------------------------------------------------------

2RCS-TK22 

2RCS-1ZI1ZI6-102-1 

2RCS-1ZI1ZI6-103-1 

FIGURE 3.6B-16C 

REACTOR COOLANT SYSTEM 
(PRESSURIZER SAFETY IRELIEF VALVE) 
INSIDE REACTOR CONTAINMENT 

BEAVER VALLEY POWER STATION UNIT NO.2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

PREPARED ON'~:7 CAEDDI 
THE CNSU c: V~ SYSTEM 
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2RCS- 031- 2-1 

LOOP 21 
WEST 

LOOP 22 
SOUTH 

2CHS-002 -140- 1 

2CHS-002-141-1 

2RCS-031-5-1 

SC-I J SC-2 

CBB 
:--.. 

2CHS -002-124-2 

2CHS-002-142 -I 

REACTOR 
CONTAINMENT 

INSIDE OUTSIDE 

X-46 

FROM CHARGING PUMPS 
2CHSItP2IA, B,C 

REFER TO REFER TO 

2RCS-002-243-1 

LOOP 23 
EAST 

2RCS-031-B -I 

FIGURE 1-68-180 FIGURE 3.6B-19A 

FIGURE 3.6B-160 
REACTOR COOLANT SYSTEM 
(LOOP FILL PIPING) 
INSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



REV. 18 

MOV-590, 592, 594 

TO STEAM GENERATOR ~--------------t 
2RCS * SG21A, B, C 

MOV-585, 586, 587 

8" RCS 
BYPASS 

HOT LEG ---. 29" - 1, 4, 7 

2" - 261, 262, 260 

FROM PUMP COLO LEG -----. 27112" - 3, 6, 9 TO RPV 
2RCS * P21A, B, C 

MOV -591, 593, 595 

NOTES: 
1. REFER TO FIGURE 3.6B-16A FOR GENERAL NOTES. 

2. ALL VALVE/PIPE MARK NUMBERS ARE PRECEDED BY THE PLANT 
UNIT NUMBER AND SYSTEM DESIGNATION (2RCS-). 

3. PIPING IS SAFETY CLASS 1 (SC-n. 

31-MAR-21211121 1121:41 

2RCS * REV2N 

FIGURE 3.6B-16E 

21 RCS BYPASS - LOOP 21,22,23 
INSIDE REACTOR CONTAINMENT 

BEAVER VALLEY POWER STATION UNIT NO.2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

PREPARED ON,J''t..? C~DDI 
THE CNSU ~¥~ SYSTEM I L __________________________________________________________________________________________________________________________________ ~ __________________________________________ J 



-

REACTOR 
CONTAINMENT 

INSIDE OUTSIDE 

(TYP) 
SC-2 NNS • 

VENT TO ATMOSPHERE 

(

VENT TO ATMOSPHERE 
2SVS- DIFF lOlA 

ATTACHE5 TO 
5TEAM GENERATOR 
2RC5·SG21A 

X-73 

36'~107 

REFER TO 
FIGURE 3.6B-15 

REFER TO 
FIGURE 3.6B-14 

NOTES: 

CONTINUED ON 
FIGURE 

3.6B-17B 

32"-169 

1. PIPING NOT TO SCALE j DIAGRAMMATIC FOR CLARITY 

2. PIPE MARK NUMBERS ARE PRECEDED BY THE PLANT UNIT 
NUMBER AND SYSTEM DESIGNATION (2MSS-) UNLESS 
OTHERWISE SPECIFIED. 

3. PIPING SAFETY CLA5S (SC-2, SC-3, NNS) IS INDICATED 
ON FIGURE. 

4. BOLD FACED LINES (-) MEET THE BREAK EXCLUSION 
ALLOWABLE5 OF SECTION 3.6B.2.1.2.1.2, AND ARE SUBJECT 
TO ROUTINE lSI (IN-SERVICE-INSPECTION) OF ALL FIELD 
WELD LOCATIONS. 

, NNS 

~ 

-6'~158 2SVS-010-170 

V45 

2SVS-004-36 

25DS-150-76-2 

V87 

2505-150-218-4 

25DS-002-219-4 

V33 
2GNS-150-27-4 

2SD5-150-1-4 
/' 

25DS-15O-2-4 

VIOO VIOl 

VI98 

~~~~--~~----~~ 
VI02 

VI15 

25V5-006-11-2 .... __ ..... - .. 
CONTI NUED ON 

FIGURE 
3.6B-17B 

V46 

·25VS-008-12-2 

MAIN STEAM SERVICE TURBINE 
V~LVE HOUSE BLDG BLDG 

5C~2 NN5 

SC-2·I·NNS 

! : ! l 

5C- 2 1 SC-3 .. . 

25VS-Ol0-177-2 

CONTINUED ON 
FIGURE 3.6B-17B 

2SVS -006-15-2 
CONTINUED ON 

FIGURE 
3.6B-17C 

FIGURE 3_6B-17A 

MAIN STEAM WEST LOOP 
BREAK EXCLUSION PIPE 
OUTSIDE CONTAINMENT 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



-
CONTINUE ON 
FIGURE 3.S8 - 17A 

REACTOR 
CONTAINMENT 

SC-2 

INSIDE OUTSIDE 

ATTACHES TO 
STEAM GENERATOR 
2RCS·SG218 

<4 

X-74 

NNS 

r 

32"-170 

REFER TO 
FIGURE 3.SB-15 

REFER TO 
FIGURE 3.68-14 

CONTINUE ON 
FIGURE 3.S8-17C 

VENT TO ATMOSPHERE 2SVS-OIO-172-2 
A 

1 

32"-41-+- 3S"-IOS 
r---.;......-.....,~ 

2"-139 

~ 
NNS f 

2SDS -150-3-4 

V44 

VENT TO ATMOSPHERE 
2SVS- DIFF 101 B 

CONTINUED ON 
FIGURE 3. S8 -17A 

VIOS 

V116 

2SVS-004-40-2 
2SVS-00S-14-2~ 

V88 

2S0S-150-77- 2 

3"-903 

2S0S-150-220-4 

2SDS-002- 221-4 

V32 
2GNS-150-28-4 

2SDS-150-4-4 

Vl03 Vl04 

32"-170 

MAIN STEAM SERVICE TURBINE 
VALVE HOUSE BLDG BLDG 

CONTINUED ON 
FIGURE 3.S8-17A 

SC-2 NNS 

MAIN STEAM 
MANIFOLD 

CONTINUED ON 
FIGURE 3.68 -17C 

SC- 2 1 SC-3 
• • 

FIGURE 3.6B-17B 

MAIN STEAM SOUTH LOOP 
BREAK EXCLUSION PI PE 
OUTSIDE CONTAINMENT 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



CONTI NUED ON 
FIGURE 

3.68-118 

(TYP) 

SC-2 NNS 

ATTACHES TO 
STEAM GENERATOR 
2RCS·SG21C 

REFER TO 
FIGURE 3.6B-15 

INSIDE 

X-75 

REFER TO 
FIGURE 3.68-14 

OUTSIDE 

REACTOR 
CONTAINMENT 

VENT TO ATMOSPHERE 

1 

V43 
2SVS-004-44-2 

2'~141 

~ 
NNS f 

2S05-002-223-4 

2505-150- 5-4 

VENT TO ATMOSPHERE 
2SVS-DIFF 10lC 

, NNS 

~ 

2SVS-010-174-2 

250S-150-78-2 

veo 

2S0S-150-222-4 

V31 
2GNS-150-29-4 

CONTINUED ON 
FIGURE 

3.68-11A 

VI07 

2SVS-006-15-2 

VII7 

..JAIN STEAM SERVICE TURBINE 
~LVE HOUSE BLDG BLDG 

SC-2 NNS 

SC-21 SC-3 .. .. 

FIGURE 3.6B-17C 
MAIN STEAM EAST LOOP 
BREAK EXCLUSION PI PE 
OUTSIDE CONTAINMENT 

CONTINUED ON 
FIGURE 3.6B-11B 

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



~------------------------------------------------------------------------------------------------------------------------------------------------------------------------------, 
1 
1 

REFER TO 
FIGURE S.SI-USA 

2RCS-Q04-202-1 

PRESSURIZER 
ZRCS.PRE21 

2 RCS-004-172-1 

2 RCS-004-81-1 2 RCS-004-eo-l 

2 RCS-27!5-3-1 2RCS-27!5-9-1 

NOTES: 
1. PIPING NOT TO SCALE, SHOWN DIAGRAMMATIC FOR CLARITY 

2. BREAK DESIGNATION}.fN:\ WHERE N --- BREAK NUMBER 
2CHS-N-Z-X \tY ' X --.- TYPE ( COR L) 

Y -. REASON (TE OR EA) 
Z --- LOCATION ( C OR A ) 

3. BREAK REASON} EA= EXCEEDS ALLOWABLE STRESS. 
NOMINCLATURE TE: TERMINAL ENDS AT ANCHOR/EQUIPMENT/BRANCH CONN. 

4. 8REAKS ON THE Res PIPING ARE SHOWN ON FIGURE 3.88"16. 

2CHS-002-346-2 

2CHS*E23 

REV. 18 

REGENERATIVE 
HEAT EXCHANGER 

CONTINUED ON 
~......-t....-t FIGURE 

2 CHS-002-143-2 

CONTINUED ON 
.... --...-....... FIGURE 

2CHS-003-120-2 3.68-188 

FIGURE 3.6B-18A 

3.68-18C 

CHEM./CHARGING & VOL. CONTROL SYS. (CHS) 
(PRESS./AUX.SPRAY & NORMAL CHARGING) 
INSIDE REACTOR CONTAINMNET 

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

£\ 

13-APR-2010 13:28 M:\u2\UFSAR\g306b018a dgn PREPARED ON,~ ... ? CAEDDI 1 

- THE CNSU L.'1I~~ SYSTEM : 
~ ___________________________________________________ ~ ______________________________________________________________________________ ~ ______________________________ ------ ______ 1 



2CHS-003-M5-2 

CONTINUED ON 
FIGURE 
3.6B-18A 

REFER TO 
FIGURE 
3.6B-18C 

2CHS-OQ2-346-2 

REGENERATIVE 
HEAT EXCHANGER 

2CHS*E23 

2CHS-002-143-2 

CONTINUED ON 
L...,j'--~ FIGURE 

3.6B-18C 

2CHS-003-12Q-2 

REACTOR 
CONTAINMENT 

INSIDE OUTSIDE 
• 

FIGURE 3.6B-18B 

REFER TO 
FIGURE 3.6B-19A 

FROM CHARGING 
PUMPS 
2CHS.P21A,B,C 

CHEM.lCHARGI NG &. VOL. CONTROL SYS. 
(NORMAL CHARGI NG) 
INSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION- UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



2CHS-002-1-1 ....... __ ..... 2 RCS -275-3-1 

CONTINUED ON 
FIGURE 3.6B-18A 

SC-1 SC-2 

2 RCS-TK 22 

2CHS'003-345-2 

2CHS-002-143-2 

PSA-
365R 

RO 
~--fll---[>I(l~-~........, 

2CHS-002-149-2 
2 CHS-002-4OQ-2 

2CHS-002-3-2 

2CHS-002-144-2 

CONTINUED ON 
2CHS-003-"'12-0--2-""'~ FIGURE 3.68-188 

2CHS'002-401-2 

2RHS'OOI-9Q1-2 

2CHS-oOI'928-2 

2°x1" RED. 

REACTOR 
CONTAINMENT 

INSIDE OUTSIDE 

PSA- PSA· PSA. 
381R 375R 359R 

2 CHS-002-492-2 

REFER TO 
~--t~FIGURE 3.6B-19C 

ATTACHES TO 
NON-REGEN. HT. EXCH. 
2CHS*E22 

FIGURE 3.6B -18C 
CHEM.lCHARGING & VOL. CONT. SYS. 
(COOLANT LETDOWN TO 
NON-REGENERATIVE HT EXCH) 

: INSIDE REACTOR CONTAINMENT 
: BEAVER VALLEY POWER STATION- UNIT 2 
i FINAL SAFETY ANALYSIS REPORT 



PS4-
627 

2RCS-031-2-1 

SC-l SC-2 

REACTOR 
CONTAINMENT 

INSIDE OUTSIDE 

_---------2-C-H-S--0-0-2---14-0--I.....;::....----tc::l--""T'"-Q::::n--~~I---""'" FROM CHARGING PUMPS 
2CHS*P2IA, B,C 

2CHS-002-140-1 2 CHS-002-141-1 

RCS*MOV 
55SA 

2 RCS-002-244-1 2RCS-002-245-1 

LOOP 21 
WEST 

LOOP 22 
SOUTH 

2RCS-031-5-1 

LOOP 23 
EAST 

2CHS-002-124-2 

PSA-
600 

2CHS-002-142-1 

2 RCS-002-243-1 

2RCS-031-8-1 

t 
REFER TO 

REFER TO 
'----.-. FIGURE 3_SB-19A 

FIGURE 3.S8 -160 

FIGURE 3.6B -180 
CHEM.lCHARGING E. VOl. CONTROL SYS. 
(LOOP FILL PIPING) 
INSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STAtiON - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



2RCS*P21A,8,C 
LOOP 21, 22, 23 

I" Ii -402, 403, 404 

REACTOR 
COOLANT 

PUMP 

C88 

2"- 96,97,98 

T88 

REACTOR CONTAINMENT 

INSIDE ---r-OUTSIDE 

I 
I 

---+- REFER TO 
FIGURE 3.68-19 

1~4'---------------ANNULUS---------------~~1 

PSA-021, NA, 006 

r x- 35,36,37 

~ ________ ~ ______ ~ __________ ~·~ ____ -<~ __ ~ __ ~F~~FROM 

I 
CHARGING PUMPS 

CRANE WALL-.t SAFETY 
CLASS 1 SC- 2 .. 

FIGURE 3.6B - l8E 

2CHS~P21A,B,C 
2" - 95, 94, 93 

CHEM.lCHARGING fA VOL. CONTROL SYS. (CHS) 
(RCP SEAL WATER PIPING) 
INSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



, 

REACTOR 
CONTAINMENT 

INSIDE OUTSIDE 

REFER TO 
FIGURE 3.e8-18D 

REFER TO 
FIGURE 3.18-188 

NOTES: 

ROD CONT AREA AUX BLDG 
CABLE VAULT 

1. PIPING NOT TO SCALE, SHOWN DIAGRAMMATIC FOR CLARITY. 

2. BREAK DESIGNATION} ('i\ WHERE N- BPEAK NUMBER 
2CHS-N-Z-X V · X_ TYPE(COR L) 

Y -+ REASON (TE OR EA) 
Z- LOCATION (O-OUTSIDE) 

S. BREAK REASON} EA-EXCEEDS Al.LOWABLE STRESS. 
NOMENCLATURE TE-TERMINAL ENDS AT ANCHOR/EQUIPMENT AND 

BRANCH CONN/PRESSURE BOUNDARIES. 

4. ALL VALVEIPIPE MARK NUMBERS ARE PRECEDED BY THE PLANT UNIT 
NUMBER AND SYSTEM DESIGNATION (2CHS-) UNLESS OTHERWISE NOTED. 

a. PIPING IS SAFETY CLASS 2 (SC-2) UNLESS OTHERWISE NOTED. 

t71 

cn 

REFER TO 
FIGURE 3.68-22 

4"-78 

,.A- tEL. TI7!.2-1/4" 
027 

4"-72 

2CHS*P21C 

CHARGING PUMPS 

REFER TO 
FIGURE 3.6B-22 

2518-004-'8-2 

(HIGH HEAD SAFETY INJECTION PUMPS) 

FIGURE 3.6B-19A 
CHEM./CHARGING & VOL. CONT. SYS.(CHS) 
HHSI CHARGING PUMPS 
OUTSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFElY ANALYSIS REPORT 

~ ___ }~:~~R:?~t~)~~1 __________ ~!~U!~~~§~~~~~~~_t~~~S~ _______________________________________________________________________________________________________________________________ , 



REACTO. 
CONTAINMENT 

AlTACHESTO 
REACTOR 
COOlANT PUMP 

INSIDE 

2RCh P21A 

2RCh P21B 

2RCP. P21C 

X·37 

REFER TO 
FIGURE ).6B·18E 

OUTSIDE 

" 

REV. 19 

cr..sLE VAULT 
ROD CONl1l.Ol AREA 

'-----~ .. "--------''---_,--<>>_--oorl_< .. --,__<eJL OONnNUEDON 
FIGURE 3.6S-19A 

SEAL WATER 
INJECTION FILTERS 

FIGURE 3.6B-19B 
CHEM./CHARGING & VOL. CONT. SYS.(CHS) 
RCP SEAL WATER PIPING 
OllTSlDE REACTOR CONTAINMENT 
SEAVER VALLEY POWER STATION· UNrT 2 
UPOATED FINAL SAFETY ANALYSIS REPORT 

~ •... J: .1!-__ ~lL. L.J;!L •••••• _ ••••• ~~'.. ~ ••••• ~ •••• L :~ .... _ ............................. __ ......................................................................... _ ........... _ ...... : 



REACTOR 
CONTAINMENT 

INSIDE 

REFER TO 
FIGURE 
3.68-18C 

OUTSIDE 

X-28 

NON-REGENERATIVE 6----4 
HEAT EXCHANGER 

2CHS.E22 

2CHS-002-12-2 

2CHS -003-395-2 

2CHS-002-147-2 

T78 

T78 

ATTACHES TO 
VOL. CONTROL TANK 
2CHS. TK 22 

2 BRS-003-134-4 

I--'--......... ---~ TO BORON RECOVERY 

2CHS -003-212·2 A TT ACHES TO 
It--CDl.,...---i~to:l--C>A<lHI)G:;)-,r-<l-"""'''';;';';';';''''';;''';;'';;'''';;'';;;''''';;;'-I:>I~---I 2 C HS • DE MN 21 A, 

2C HS -002 - 2-2 

ATTACHES TO 
COLD LEG, LOOP 21 
2RCS-275-3-1 

"---_-J 2 IB, 22, 2 3A, 238 

2CHS -002 -148- 2 

2CHS-002 -341-2 

FIGURE 3.6B-19C 

CHEM.lCHARGING fA VOL. CONT. SYS. (CHS) 
(COOLANT LETDOWN) 
OUTSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



--------------------------------------------------------------------------------------------------------------------------------------j 

NOTES: 
I. PIPING NOTTO SCALE I DRAWN DIAIRAMMATIC 

FOR CLARITY. 
2. ALL VALVE/PIPE MARK NUMIERS ARE PRECEDED 

BY THE PLANT UNIT NUMIER AND SYSTEM 
DESIGNATION (2 ASS- I UNLESS OTHERWISE NOTED. 

3. ALL AUXILIARY STEAM SUPPL.Y PIPING IS SEISMICALLY 
SUPPORTED SAFETY CLASS 4 (NON- NUCLEAR I. 

4. "'EAK DESIGNATlON}Iii'\WH!RE N.8R£AK NUMIER 
Z ASS-N-Z-X ~ , X. BREAK TYPE (C a..l) 

V. REASON(TE OR IA) 
Z. LOCATION (O-OUTSIDE) 

e. BREAK REASON} lEA-LOCATION EXCEEDS ALLOWABLE STRfIS. 
NOMINCLATURE TE. TERMINAL END AT ANCHOR/EQUIPMENT 

OR BRANCH CONNECTIONS 

6. THERE IS NO SAfETY RELATED EQUIPMENT LOCATED IN THE 
DECONTAMINATION BLDG. THEREFORE, NO PIPE BREAKS HAYE 
lEEN POSTULATED FOR ASS PlfIING IN THIS AREA. 

CABLE AUXILIARY 
VAULT BLDG. 

REV. 18 

VENT 
TO 

ATMOSPHERE 

iCVS-OIO-9-4 

~
2CVS=~:_4 

-\ CNTMT 
X'94 

INSIDE 

2CVS-OOI-58-4 

Z"-318 

V524 

FIGURE 3.6B-20A 
AUXIUARY STEAM SUPPLY (ASS) SYSTEM 
OUTSIDE REACTOR CONTAINMENT 

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

PREPARED ON, ~ ,7 C/IEDOI 
31-MAR-2r211r21 1219:59 M:\u2\UFSAR\g3r216b02r21o.dgn THE CNSU ~"',J~ SYSTEM 

~-----------------------------------------------------------------------------------------------------------------------y--------------



• 

PSA-200T 

®--- RACK 27 T ----.if!" 

2-ASS-010-1-4--~ 

SEISMIC CAT I 
N 3756.96------" 

CONDENSATE 
POLISHING BLDG. 

SEISMIC CAT n 

2-ASS-008-130-4 ----!~~ 

ATTACHES TO 
EVAPORATOR REBOILERS 
2SGC- E21A, B 

WASTE 
HANDLING BLDG. 

SEISMIC CAT n 

SEISMIC CAT n 
1--- N 3923.24 

SEISMIC CAT I 

9V 1 - BV 2 
PIPE TUNNEL 

AUXILIARY BUILDING 
PIPE TUNNEL 

CONTINUED ON 
FIGURE 3.69- 20A 

~~~~.;....:::.;=::!-.. --- RACK 28T-@ 

PSA -747U 

~ 2-ASS- 010- 1- 4 

FIGURE ~.6B-20B 
AUXILIARY STEAM SUPPLY (ASS) SYSTEM 
OUTSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYS IS REPORT 



C88 ITYP) 

2515-006-24-1 

2RC5-02q-4-1 

2515-006-25-1 

2RC5-02Q-7-1 

2515-006-26-1 

ZRC5-02Q-H 

2515-006-12-1 

ZRCS-275-3-1 

25IS-006-l!H 

ZRC5-275-6-1 

2515-086-16-1 

2AC5-275-Q-l 

NOTES: 

r. CRANE WALL 
FLOOR 5LAB AT 718'-6' 

2515-006-266-1 

I 
: 
I 2515-006-267-1 

. . 
2515-006-268-1 I 

6'x3' 

2515-003-30Q-l 

84 
-E 

I. PIPING NOT TO SCALEI DIAGRAMMATIC FOR CLARITY. 

2. BREAK DESIGNATION} f'N\ N - BREAK NUMBER 
25IS-N-Z-X ~ WHERE, X - TYPE (C - CIRCUMF'L. ONLY) 

Y - REASON (TE OR EA) 

PSA-531 ?~ 

2515-010-165-2 

2515-010-11-2 

REACTOR CONTAINMENT 

IN5IDE -+- OUT5IDE 
I 

• 

FROM LOW 
1-----,.;;;;;;; ...... ---iCIt----tt=-- HEAD PUMP5 

2SIS-P21A, B 

FRCt4 HIGH 
I-£AO PUMPS 
2CHS. P21A. B, C 

} 

FA(JoI LOW 
1....-________ ~2S~I~S~-0~11~-~II~-~2 ______ ~ ________________ ~~--~IE:-- ~ff-p~ 

2SIS-002-116-1 

2515-002-114-1 FROM HIGH 

...... r""-tC::J--1t::::-- ~~ *'Wr~ B, C 

2515-11102-112-1 

2515-1111112-157-1 

2515-1111112-156-1 

Z - LOCATION (C OR A) 

3. BREAK REA50N } EA = LOCATION EXCEEDS ALLOWABLE STRESS. 
~~ ________________ ~2~5~II~S_-11I~0~2~-1~55~-~I __________________________ ~~~~~~~~~~~----~~1c~-~~*~i~~~S 

50 0 '+500 2 
NOMINCLATURE 

TE = TERMINAL END AT ANCHOR/PRES5URE 
BOUNDARIES/BRANCH CONNECTIONS. 2SIS-11I03-qfi-2 

FIGURE 3.6B-21A 

REFER TO 
FIG. 3.6B-22 

SAFETY INJECTION SYSTEM (SIS) 
LOW/HIGH HEAD 
INSIDE REACTOR CONTAINMENT 

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

• I 

~ ___ }~~~~~:Z01~_~~~ __________ ~~\u?~~~~~~\g~~§~~~~;~~~ _________________________________________________________________________________ . _____________________________________________ _ 



4" STANDPIPE 
X. Xl, X2 

2GNS-001-16. 17.15 - 2 

SAFETY INJECTION 
ACCUMULATOR TANK 

2'~ 195, 203, 202 
2SIS*TK21A. B. C 
(LOOP 21,22,23) 12"-250,252, 251 

EL. 695'-0" 
I-+--

EL. 692'-11!1'::"" __ It:::=======:::::::1 

NOTES: 

1. REFER TO FIGURE 3.6B - 21A FOR GENERAL NOTES. 

2. ALL VALVE/PIPE MARK NUMBERS ARE PRECEDED 
BY THE PLANT UNIT NUMBER AND SYSTEM 
DESIGNATION (2 SIS -) UNLESS OTHERWISE NOTED. 

3. PIPING IS SAFETY CLASS 2 (SC-2) UNLESS 
OTHERWISE NOTED. 

L905·90 .. 007-4 

NNS SC-2 

ATTACHES TO 
2DGS - TK21 

.. 

2"- 72, 76,74 

FIGURE 3.6B - 21 B 
SAFETY INJECTION SYSTEM (SIS) 
LOW HEAD ACCUMULATOR 
INSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



REACTOR CONTAINME NT 
IN51DE OUT51DE 

ATTACHES TO 
HOT LEG LOOP 
21,22,23 

REFER TO ~ 
FIGURE 3.6B-2 tA I 

ATTACHES TO 
COLO LEG LOOP 
21,22,23 

2SIS-003-88-2 

CABLE ----j .... -AUXILIARY 
VAULT BUILDING 

251S-004 - 98-2 

PSA-OOS 

2515-003-248-2 

2515-003-94-2 

2515"003-247-2 
2515-003-96-2 

NOTES: 

1. PIPING NOT TO SCALE; DIAGRAMMATIC FOR CLARITY. 

2. BREAK DESIGNATION] fN\ WHERE N -BREAK NUMBER 
2SIS-N-Z-X 'tY ' X-TYPE (CORL) 

Y -REASON (TE OR EA) 
Z ---LOCATION (0- OUTSIDE) 

3. BREAK REASON1 EA: EXCEEDS ALLOWABLE STRESS. 
NOMINCLATURE TE: TERMINAL ENOS AT EITHER ANCHORS OR 

PRESSURE BOUNDARIES. 

REFER TO r FIGURE 3.68-19 

REV. 18 

PSA-027 

ATTACHES TO 
CHARGING PUMPS 
2CHS .. P21A. BtC 

2515-004-87-2 

2S15-003-91-2 

FIGURE 3.68-22 

SAFETY INJECTION SYSTEM (SIS) 
OUTSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

PREPARED ON, j''f. 7 CAElXJI 
13-APR-20HZJ 15:10 M:\u2\UFSAR\g306b022.dgn THE CNSU ~:::.:""-~ SYSTEM __________________________________________________________________________________________________________________________________ ~ __________________________________________ 1 



r----------------------------------------------------- -___________________________________________________________________________________________ 1 _______________ -------------~ 

2RCS* SG21A, B, C 
LOOP 21, 22, 23 

CRANE 
WALL 

REACTOR CONTAI NMENT 

'NS'DEiOUTS'DE 

I 
I 

MSVH _I SERVICE BLDG. 

BREAK EXCLUSION 

.... --ANNULUS 

2FWS.1e".12.17, 22 

I ". 
2FWS· 16" - 107, 106. 105 

I 

ATTACHES TO 

REV. 18 

.. ~ ........ -----f~~----_ICJ----~ ~-'!!!fI-I' STEAM GENERATOR FEED PUMPS 
V508,506,507 2fWI· P21A, I 

SC-2 NHS 
II: 2FWE-PRR-OOl 

LINE 2FWE-004-126 ONLY---
2FWE-PRR-002 
LINE 2FWE-004-128 ONLY----

ATTACHES TO 

"'-..... ---4 .... -------..... ----t EMERGENCY ~&"I""_"" r- P'" FEED PUMPS 

X-79.80.85 

NOTES a 2FWE-PRR-003 
LINE 2FWE-004-117 ONLY 

1. PIPING NOT TO SCALEi SHOWN DIAGRAMMATIC FOR CLARITY. 

2. BREAK DESIGNATION} @ WHERE N-....BREAK NUMBER 
2FWE - N - Z - x X-Y • X---"TYPE (C or L) 

y-.REASON (EA or TE) 
Z ..... LOCATION (C or A) 

3. BREAK REASON} EA = LOCATION EXCEEDS ALLOWABLE STRESS 
NOMINCLATURE TE = TERMINAL END 0 BRANCH CONN./PRESSURE BOUNDARIES 

4. PIPING SHOWN IS SAFETY CLASS 2. 

e. BREAKS ON THE FWS PIPING ARE SHOWN ON FIGURE 3.6B -12. 

2FWE - P22, 23A. B 

2FWE-4".107. 112, lie 

FIGURE 3.6B-23 

EMERGENCY FEEDWATER SYSTEM (FWE) 
INSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFElY ANALYSIS REPORT 

I 

PREPARED ON "A? CAEDDI : 
: 31-MAR-20HZJ 10:15 M:\u2\UFSAR\g306b023.dgn THE CNSU L.."'''~ SYSTEM : 
L ___________________________________________________________________________________________________________________________________ ~ __________________________________________ J 



~------------------------------------------------------------------------------------------------------------------------------------------------------------------------------: 

ZRCS*SGZ1A, I, C 
LOOP 21, 22 23 
WEST, SOUTH, EAST 

NORMAL WATER _ .... ..,A.J"""'~""'""'""'" 
LEVEL 

AOV102Al. 81 .• Cl 

AOV102AZ, 82, C2 

REV. 18 

REACTOR CONTAINMENT 
INSIDE I_OUTSIDE 

I 
I 

~REFER TO 
FIGURE 3.68- 25 

2"-11, 115, 12 2" - 20, 11, 14 

I~·~--------------ANNULUS------------------~ 

ATTACHES TO 
21De- TK21 r. 
IFWS- P21A, 8 

, 
I 

NOTES: CRANE WALL---....I 

1. PIPING NOT TO SCALEi SHOWN DIAGRAMMATIC FOR CLARITY. 

2. BREAK DESIGNATION] rD WHERE N-.BREAK NUMBER 
2BDG - N .. Z .. X ~ , ~~~'lC~:f:?c,~I~LE?NLY 

Z.-....LOCATION (C or A) 

3. BREAK REASON] EA : LOCATION EXCEEDS AL.LDWABLE STRESS. 
NOMINCLATURE TE = TERMINAL END" ANCHOR/EQUIP/BRANCH CONNECTlONS. 

4. ALL VALVE/PIPE MARK NUMBERS ARE PRECEDED BY THE PLANT UNIT 
NUM8ER AND SYSTEM DESIGNATION (2BDG-) UNLESS OTHERWISE NOTED. 

111 64 2i - 11,262,2 

3" - NA, 261, 263 

FIGURE 3.6B-24 

3 .... 249, 2150, 
251 

SAFETY 
CLASS 2 NHS 

STEAM GENERATOR BLOWDOWN SYSTEM (BLG) 
INSIDE REACTOR CONTAINMENT 

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

PREPARED ON ,A,,? CAEDDI 
, 31-MAR-2010 10:21 M:\u2\UFSAR\g306b024.dgn THE CNSU c:...¥~ SYSTEM 
~----------------------------------------------------------------------------------------------------------------------------------y-------------------------------------------, 



REACTOR CONTAINMENT 
INSIDEiOUTSIDE 

REFER TO 1 
FIGURE S.1a .24....- 1 

ATTACHES TO 
STEAM 
CENERATOR 
2RCS*SIZ1. 

2RCS*SG2IC 

I 
I 

SAfETY 
CLASS 2 

,H_ z,,1 
~~ 

ATTACHES TO 
IIDG - TK21 
~ 

ATTACHES TO 
STEAM GENERATOR 
FEED PUMPS 

V470 2fWS- P21A, B 

SEE NOT;~;;] 
IINtJ3A AOY1OS8 I 

..L 

V48. 

,"-224 

V418 

NOTES' 

1. PIPING NOT TO SCALEi DIAGRAMMATIC FOR CLARITY. 

2. IREAK DESIGNATION} ® N .... BREAK NUMIER 
2BDI- N _ % _ X X-Y WHERE, X .... TYPE Ce- CIRCUMfERENTIAL) 

Y .... REASON CEA or TEl 
Z-..LOCATION (0 - OUTSIDE) 

3. BREAK REASONl. EA • LOCAnON EXCEEDS ALLOWABLE STRESS. 
NQMINCLATURE J TE • TERMINAL END (Q) ANCHORIEClUIP/IRANCH CCHlECTIONS. 

4. =A=:~E'~~IA~E~ :~EE~r.;'I~I~,..~r-~.:Ngl~~~M&~.:ru~~ 

FIGURE 3.6B-25A 
STEAM GENERATOR BLOWDOWN SYSTEM (BOG) 
OUTSIDE REACTOR CONTAINMENT 
BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT I 

I 
I 

__ }l:~~~-?~t~}~q!----------~!~~~~-§~~~~~-?-?~~·~~~---- ---------------------------------------------------------------------------------------------------------------------------; 



• 

l> '& • 
I;. tt 

p 

" .. 

CALL EO 
NORTH 

X 

r'" 
2BDG-003-224 -4 
(EL. 129' -8'" 

WALL .i. r 2BDG-~03.-222-4 
-,.-- IEL. 728 -8 ) 

'NS1DE 
CONTAINMENT 
WALL 

2BDG-003-223-4 

2BDG-003-224-4 

2BDG-003-222-4 

h2BDG-003-223-4 
IEl.727'·S", 

-: ~ '--,;-,-~_F,-,L:.:O:...:0..;R-,,-E.;;;.L,,-7...:2:...:5,...' --,:0_" ;-:-:_,...,....,..,..., . : ~... . . :: ~:~. ~ ... ~ : .... 
SECTION B-B 
2BDG*PRR816 

WALL 

. ' , 
.·.~I· 

FLOOR 
EL. 718' -6" 

~ -
• • ... 6 

2BDG-003-224-4 
tEL. 729'- a-I/4"' 

2BDG-003-222-4 
tEL, 72a'-7-1/2"' 

2BDG-003'223-4 
tEL. 727'-5-1/2"' 

FLOOR EL. 725'-0" 

SECTION C-C 
2BDG*PRRBI7 

SECTION A-A 
28DG* PRR822 & 823 

,~ 
',,; 

·'I~===fh.LL 
2BDG-003-224-4 
IEl.729'-8'" 

WALL 

.c2BDG-003-222-4 
IEl. 728'- 7· 1/2") 

2BDG-003-223-4 
(El. 727'-7-3/4", 

\'''':..,,;r:~,_...:..;FL::.;0:..::0;.;.R;...::.EL::;'....:..;72:.:5,-'--=0,':,-;-.'7'.~. ..... 

\.B 

SECTION 0-0 
2 BDGII PR R818 

L.c 

2BDG-003-224-4 

2BDG-003-222 -4 

2BDG-003-223-4 

2BDG-003-224-4 
tEL,726'-9" 

FLOOR EL, 725'-0" 

NOTES: 

SECTION F-F 
2BDG*PRR820AE.B 

1. DRAWING NOT TO SCALE_ 

2, AS-BUILT ELEVATIONS ARE PROVIDED, 

2BDG-003-222-4 
tEL,72a'-a-1/2"' 

RACK 
1I4S 

FLOOR 
EL,725'-0" 

.' 

WALL 

SECTION E-E 
2BDG*PRR819 

r- 0 

FIGURE 3.6B - 25B 
STEAM GENERATOR SLOWDOWN SYSTEM 
PIPE RUPTURE RESTRAINTS (PRR) 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



2GNS-OOl-4-4 

2GNS-l!50-83-4 

NOTES: 

1. PIPING NOT TO SCALE 

2. BREAK DESIGNATION} f'N\ WHERE N - BREAK NUMBER 
2GNS-N-Z-X ~ • X- TYPE (C-CIRCUMFERENTIAL ONLY) 

Y - REASON (TE OR EA) 
Z - LOCATION (O-OUTSIDE) 

3. BREAK REASON} EA - LOCATION EXCEEDS ALLOWABLE STRESS. 
NOMINCLATURE TE- TERMINAL END AT PRESSURE BOUNDARY. 

4. THE SEGMENTS OF THE GNS SYSTEM IN THE AUX BLDG/CABLE VAULT AREA 
ARE SEISMICALLY SUPPORTED NON-NUCLEAR SAFETY CLASS (SC4) PIPING. 

GNS-150-81-4 

2GNS-15O-80-4 

FIGURE 3.6B-26 
NITROGEN GAS SUPPLY (GNS) SYSTEM 
OUTSIDE REACTOR CONTAINMENT 

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

I 

___ }1:~~~-~~!~)~@~ __________ ~:~u~:~--~~~~~-~-~~1~~---- ______________________________________________________ ----------------------------------------------------------------------; 



CASE' 

CASE II 

OUTGOING LINES WITH NORMALLY CLOSED VALVE 

REACTOR COOLANT PIPING 

t 
BOUNDARY 

NOTE: PRESSURIZER SAFETY 
VALVES ARE 
INCLUDED UNDER 
THIS CASE. 

OUTGOING LINES WITH NORMALLY OPEN VALVES 

FAI L CLOSED OR 
FAIL-AS-IS 
VALVES 

NOTE: THE REACTOR 
COOLANT PUMP NO. 1 
SEAL IS ASSUMED TO 
BE EQUIVALENT TO 
THE FIRST VALVE. 

t 
BOUNDARY 

CASE III INCOMING LINES NORMALLY WITH FLOW 

NO.1 

NO. 2 t ~OUNDARY 
TEST CONNECTION 

CASE IV INCOMING LINES NORMALLY WITHOUT FLOW 

CASE V 

t ~OUNDARY 
"""-'TEST CONNECTION (MEANS OF VERIFYING 

THAT CHECK VALVE IS CLOSED) 

ALL INSTRUMENTATION TUBING AND INSTRUMENTS CONNECTED 
DIRECTLY TO THE REACTOR COOLANT SYSTEM IS CONSIDERED 
AS A BOUNDARY. HOWEVER, A BREAK WITHIN THIS BOUNDARY 
RESULTS IN A RELATIVELY SMALL FLOW WHICH CAN NORMALLY 
BE MADE UP WITH THE CHARGING SYSTEM. 

FIGURE 3.6N-2 

LOSS OF REACTOR COOLANT 
ACCIDENT BOUNDARY LIMITS 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



 BVPS-2 UFSAR Rev. 13 

3.7-1 

3.7  SEISMIC DESIGN 
 
Sections whose identification numbers include the letter B contain 
material within balance-of-plant (BOP) scope, while sections whose 
identification numbers include the letter N contain material within 
the nuclear steam supply system scope (including material pertaining 
to the reactor coolant loop piping out to the first weld of any 
connecting piping). 
 
3.7B.1  Seismic Input 
 
3.7B.1.1  Design Response Spectra 
 
The horizontal design response spectra used for seismic analysis are 
shown on Figures 3.7B-1 and 3.7B-2.  The spectra for the safe shutdown 
earthquake (SSE) correspond to a maximum ground surface acceleration 
of 0.125g, and the spectra for the 1/2 safe shutdown earthquake (1/2 
SSE) correspond to a maximum ground acceleration of 0.06g.  (The 
operating basis earthquake, which is referenced in Section 3.2, and 
Regulatory Guide 1.143, is equivalent to 1/2 of the SSE.)  These 
spectra differ from the spectra in Regulatory Guide 1.60.  The Beaver 
Valley Power Station - Unit 2 (BVPS-2) spectra are based in Appendices 
2C and 2D of the BVPS-2 PSAR, and as revised in  the response to USAEC 
Regulatory Position 3 of May 25, 1973 (Question 3.15, BVPS-2 PSAR, 
Amendment 7, July 9, 1973).  The vertical design response spectra are 
taken to be two-thirds of the horizontal design response spectra. 
 
3.7B.1.2  Design Time History 
 
The horizontal SSE design time histories yield response spectra which 
envelop the horizontal design response spectra as shown on Figures 
3.7B-3, 3.7B-4, 3.7B-5, 3.7B-6, 3.7B-7 and 3.7B-8.  The magnitudes of 
the vertical design time histories are taken to be two-thirds of that 
for the horizontal design time histories for both the SSE and the 
1/2 SSE.  A plot of the horizontal SSE time history is shown on Figure 
3.7B-36. 
 
Where finite element soil structure interaction analysis is performed, 
the time history is applied at grade in the free field.  Where 
analysis is performed using frequency-independent springs representing 
soil stiffness, the time history is applied at the foundation level. 
 
The horizontal design time history is checked by comparing its 
spectral values with those of the site design response spectra at 250 
oscillator periods between 0.04 second and 5.0 seconds.  The 
oscillator periods are distributed logarithmically according to the 
following expression: 
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 Ti = λTi-1 

 

 λ = (T250/T1)
1/249

    =    (5/.04)
1/249 

 

 λ = 1.019 (3.7B-1) 
 
where: 
 

Ti and Ti-l are any two consecutive oscillator periods. 
 
Ti /Ti-l is the period ratio (ratio between the ith period, Ti, 

and the (i-1)th period, Ti-1). 
 
3.7B.1.3  Critical Damping Values 
 
The values of the percentage of critical damping used in the analysis 
of Seismic Category I structures, systems, and components depend on 
the seismic input motion used in the analysis and the type of 
construction or fabrication. 
 
The values of damping used for the BVPS-2 input motion are listed in 
Table 3.7B-1. 
 
3.7B.1.4  Support Media for Seismic Category I Structures 
 
Category I structures are founded on compacted select granular fill 
overlying dense in situ granular soil which extends to bedrock, or 
directly on the in situ granular soil, with one exception.  The in 
situ soil beneath the safeguards area and the refueling water storage 
tank (RWST) was excavated as shown on Figures 2.5.4-8 and 2.5.4-9, 
respectively, and replaced with select granular fill to the founding 
grades of the respective structures.  Beneath the northern portions of 
these two structures is a layer of stiff, silty clay with a top 
surface at approximately el 688 feet.  The layer is about 20 feet 
thick at the northern edge of the safeguards area and about 10 feet 
thick at the northern edge of the RWST.  The layer thins to the south 
and is no longer present at about the east-west centerline of the 
safeguards area. 
 
Foundation information for Category I structures is given in Table 
3.7B-2.  The dynamic properties of the soil and select granular fill 
underlying the Category I structures are discussed in Section 2.5.4.7.  
The use of these properties in the analysis of soil-structure 
interaction is discussed in Section 3.7B.2.4. 
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3.7B.2  Seismic System Analysis 
 
Seismic system analyses discussed in this section are defined to be 
Seismic Category I structures that are considered in conjunction with 
the foundation media in forming a soil-structure interaction model. 
Other systems and components are considered seismic subsystems and are 
discussed in Sections 3.7B.3 and 5.4.14. 
 
3.7B.2.1  Seismic Analysis Methods 
 
Analysis of seismic systems was performed using either the modal 
analysis response spectra method or the modal analysis time history 
method.  Response spectrum analysis uses the natural frequencies, mode 
shapes, and weighted modal dampings to determine the maximum seismic 
response of multi-degree-of-freedom systems with lumped masses and 
elastic connecting members.  Time history modal analysis uses the same 
free vibration characteristics and damping factors as the spectrum 
analysis, primarily to determine acceleration response spectra at 
selected locations within the structure.  The methods used for seismic 
analysis of particular Seismic Category I structures are summarized in 
Table 3.7B-3. 
 
Mathematical models of three buildings representative of Seismic 
Category I structures are discussed in detail.  Models selected are 
the containment structure (Figure 3.7B-9), the fuel building (Figure 
3.7B-10), and the cable vault building (Figure 3.7B-11). 
 
Descriptions of these buildings are provided in Sections 3.8.1 and 
3.8.3. 
 
Foundation effects, namely torsion, rocking, and translation, were 
included in the dynamic analysis by use of soil-structure interaction 
techniques discussed in Section 3.7B.2.4.  The containment structure 
is, for the purposes of seismic analysis, axisymmetric.  A planar 
model was thus employed for its analysis.  All other Seismic Category 
I structures were analyzed considering six degrees-of-freedom:  three 
translation, two rocking, and one torsional. 
 
The containment structure was analyzed using both a discrete soil 
spring-dashpot model (computer programs STRUDL-II and TIME HISTORY) 
and a finite element soil structure interaction model computer program 
(PLAXLY) was used.  The design of buried piping is explained in 
Section 3.7B.3.12.  The finite element model better represents the 
actual conditions as described by the U.S. Nuclear Regulatory 
Commission (USNRC 1975) since the containment structure is deeply 
embedded. 
 
A comparison of results from the two analyses show the high degree of 
conservatism in the discrete soil spring method (Figures 3.7B-56, 
3.7B-57, 3.7B-58, 3.7B-59, 3.7B-60 and 3.7B-61). 
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The finite element results are applicable for the containment 
structure.  Other structures were analyzed using the discrete springs 
and dashpots suggested by Whitman and Richart (1967), Richart (et al 
1970), Wass (1972) and Kausel and Roesset (1975).  Springs associated 
with the degrees-of-freedom in a global orthogonal coordinate system 
were used. 
 
In developing the lumped-mass models for Seismic Category I 
structures, an adequate number of degrees-of-freedom was ensured by 
providing a lumped mass at the mat, floor, and roof elevations.  
Additional masses were used when changes in geometry or stiffness 
warranted them.  In the cases of the containment shell, seven lumped 
masses were selected at critical points of interest.  Studies have 
been conducted which show the difference in base shear and overturning 
moments between a 3-mass and a 15-mass model to be less than 3 
percent.  Comparisons between 3-, 5-, 10-, and 15- mass models have 
shown a difference in natural frequency for the first two modes of 
less than 1 percent. 
 
The number of degrees of freedom considered in the seismic models is 
equal to approximately twice the number of modes with frequencies less 
than 33 Hz. 
 
Each Seismic Category I building has a foundation mat which serves as 
a single structural support.  Four-inch shake spaces, larger than any 
predicted structure-to-structure displacements, are provided between 
all Seismic Category I structures,  Relative displacements were 
considered for all Category I systems and components which run between 
structures.  Special seismic effects such as hydrodynamic loads and 
nonlinear responses were considered where appropriate. 
 
3.7B.2.2  Natural Frequencies and Response Loads 
 
Response spectrum analyses for the containment structure, the fuel 
building, and the cable vault building are summarized below.  They are 
representative samples of Category I structures. 
 
3.7B.2.2.1  Containment Summary 
 
The response spectrum analysis of the containment and internal 
structures included the enveloping of six discrete analyses.  The 
dynamic model of the containment (Figure 3.7B-9) was analyzed with 
cracked and uncracked concrete properties.  The soil springs were 
analyzed for three different values of soil shear moduli.  The three 
soils analyzed had shear moduli of 12, 18, and 24 ksi, with 18 ksi 
being the best estimate of the founding material (BVPS-2 PSAR Section 
2.5.3). 
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The significant natural frequencies and modal participation factors, 
resulting from analyses for the cracked and uncracked containment 
structure with median soil stiffness, are presented in Tables 3.7B-4 
and 3.7B-5.  Significant mode shapes resulting from these analyses are 
presented in Tables 3.7B-6 and 3.7B-7 and Figures 3.7B-12, 3.7B-13, 
3.7B-14 and 3.7B-15; the response loads obtained by the square root of 
the sum of the squares method (SRSS) are summarized in Tables 3.7B-8 
and 3.7B-9. Table 3.7B-10 presents the degrees-of-freedom 
corresponding to x- and y-direction translation and rotation about the 
z axis for the containment and internal structures response loads 
obtained by the SRSS method.  Tables 3.7B-11 and 3.7B-12 contain the 
maximum responses at each mass point resulting from enveloping all six 
analyses. 
 
The amplified response spectra (ARS) produced using the modal analysis 
time history method for the median soil, cracked and uncracked 
containment cases are provided at the springline, mat, and operating 
floor for horizontal and vertical SSE excitations (Figures 3.7B-16, 
3.7B-17, 3.7B-18, 3.7B-19, 3.7B-20, 3.7B-21, 3.7B-22, 3.7B-23, 
3.7B-24, 3.7B-25, 3.7B-26 and 3.7B-27).  Typical ARS resulting from 
the enveloping of all six analyses are shown on Figures 3.7B-28, 
3.7B-29, 3.7B-30, 3.7B-31, 3.7B-32 and 3.7B-33. 
 
Examples of the resulting acceleration time histories at the 
springline and operating floor, as well as the original input time 
history, are shown on Figures 3.7B-34, 3.7B-35, 3.7B-36. 
 
3.7B.2.2.2  Fuel Building Summary 
 
The dynamic model of the fuel building (Figure 3.7B-10) was excited 
separately by one vertical and two orthogonal horizontal excitations.  
The resulting significant natural frequencies, participation factors, 
and mode shapes are listed in Tables 3.7B-13 and 3.7B-14.  The maximum 
responses due to each excitation are obtained by combining the modal 
responses according to the closely spaced modes modal combination 
method discussed in Section 3.7B.2.7.  Summaries of the maximum 
responses due to each SSE excitation are presented in Tables 3.7B-15 
and 3.7B-16.  The total responses, considering all three base 
excitations simultaneously, are obtained by combining the maximum  
responses from each excitation by the SRSS method.  Refer to Table 
3.7B-17 for a summary of the total SSE responses. 
 
Table 3.7B-18 presents, for the fuel building analysis, the 
relationship between the degrees-of-freedom and the motion of the 
lumped masses given in Tables 3.7B-15, 3.7B-16, and 3.7B-17. 
 
Examples of the ARS resulting from each direction of excitation 
produced using the modal analysis time history method are provided at 
the mat (Figures 3.7B-37, 3.7B-38, 3.7B-39), the top of the fuel pool 
(Figures 3.7B-40, 3.7B-41, 3.7B-42, and at the top of the crane rail 
support structure (Figures 3.7B-43, 3.7B-44, 3.7B-45). 
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3.7B.2.2.3  Cable Vault Building Summary 
 
The seismic analysis of the cable vault building was conducted in a 
manner identical to that of the fuel building.  The dynamic model 
shown on Figure 3.7B-11 was excited separately by three orthogonal 
excitations.  The significant natural frequencies, participation 
factors, and mode shapes resulting from these excitations are listed 
in Tables 3.7B-19 and 3.7B-20.  The maximum responses due to each 
excitation are obtained by combining the modal responses according to 
the closely spaced modes combination method discussed in Section 
3.7B.2.7.  Summaries of the maximum responses due to each SSE 
excitation are presented in Tables 3.7B-15 and 3.7B-16.  The total 
responses, considering all three base excitations simultaneously, are 
obtained by combining the maximum responses from each excitation by 
the SRSS method.  Refer to Table 3.7B-17 for a summary of the total 
SSE responses. 
 
Table 3.7B-21 presents, for the cable vault building analysis, the 
relationship between the degrees-of-freedom and the motion of the 
lumped masses given in Tables 3.7B-22, 3.7B-23, and 3.7B-24. 
 
Typical ARS at el 718 feet-6 inches, 735 feet-6 inches, and 805 feet- 
5 inches, produced using the modal analysis time history method, are 
shown on Figures 3.7B-46, 3.7B-47, 3.7B-48, 3.7B-49, 3.7B-50, 3.7B-51, 
3.7B-52 and 3.7B-53. 
 
3.7B.2.3  Procedures Used for Analytical Modeling 
 
The dynamic model of a Seismic Category I structure is constructed to 
obtain a satisfactory representation of the dynamic behavior of the 
structure.  Major Seismic Category I structures that are considered in 
conjunction with foundation media in forming a soil-structure 
interaction model are defined as seismic systems.  Other Seismic 
Category I systems and components that are not designated as seismic 
systems are considered as seismic subsystems.  In most cases, 
equipment and components come under the definition of seismic 
subsystems and are analyzed as a decoupled system from the primary 
structure.  To define criteria for decoupling subsystems, Rm, the mass 
ratio, and Rf, the frequency ratio, are significant.  Rm and Rf are 
defined as: 
 

Rm
Total massof the ported subsystem

Mass that ports the subsystem
=

sup

sup
 

 

Rf
Fundamental frequency of the ported subsystem

Frequency of the do ant port motion
=

sup

min sup
 

 
The following criteria are used. 
 

1. If Rm < 0.01, decoupling is acceptable for any Rf, 
 
2. If 0.01 ≤ Rm ≤ 0.1, decoupling is acceptable if 0.8 ≥ Rf ≥ 

1.25, 
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3. If Rm > 0.1, an approximate model of the subsystem is 
included in the primary system model. 

 
If the subsystem is comparatively rigid and also rigidly connected to 
the primary system, only the mass of the subsystem is included at the 
support point in the primary system model.  In the case of a subsystem 
supported by very flexible connections (for example, a pipe supported 
by hangers), the subsystem is not included in the primary model. 
 
In most cases, the equipment and components which come under the 
definition of subsystems were analyzed separately from the primary 
structure, and the seismic input for the subsystem is obtained from 
the analysis of the structure.  One important exception to this 
procedure is the analysis of the reactor coolant system (RCS), which 
was considered to be a subsystem but was analyzed using a coupled 
model of the RCS and primary structure with ground motion as the 
seismic input (Section 5.4.14). 
 
The dynamic model of a seismic system consists of a set of lumped 
masses, generally having 6 degrees-of-freedom per mass connected by 
weightless elastic members.  Masses are usually lumped at floor levels 
and include the masses of the floors, walls, columns, equipment, and 
piping.  The floors are treated as rigid diaphragms that transfer the 
earthquake inertia forces to frames and shearwalls, which in turn 
transfer the loads to the foundation mat and the subgrade.  Beam 
theory, combining the effects of shear, flexure, torsion, and axial 
deformation, is used to establish the stiffness characteristics of the 
frame-wall systems.  Eccentricities between the centers of mass and 
centers of rigidity are considered. 
 
As an example, the lumped mass model of the containment is shown on 
Figure 3.7B-9.  The model was constructed so that it properly 
represents the free vibration of a cantilevered structure in shear and 
flexure.  The model consists of a system of lumped masses, each with 3 
degrees-of-freedom, connected by weightless members.  The base of the 
model is supported on a deformable subgrade represented by equivalent 
springs whose stiffness was determined as indicated in Section 
3.7B.2.4.  Masses M1 through M7 represent the dome and the cylindrical 

portion of the containment shell.  M8 consists of the mat and portions 
of the walls and columns which are attached to the mat.  The internal 
structure, consisting of equipment, primary shield wall, cubicle 
walls, crane wall, etc, were modeled by masses M9 through M13. 
 
3.7B.2.4  Soil-Structure Interaction 
 
The site, as discussed in Section 2.5.1, is a relatively uniform 
gravel terrace approximately 110 feet deep resting on a Pennsylvanian-
age shale bedrock.  The embedment and founding elevations data 
presented in Table 3.7B-2 indicate that some Seismic 
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Category I structures are deeply embedded and some have shallow 
embedments as described by the USNRC (1975). 
 
Finite element soil-structure interaction analysis is appropriate for 
either shallowly or deeply-embedded structures, and is required for 
deeply-embedded structures (USNRC 1975).  The containment structure 
and the fuel building were analyzed using the finite element soil 
structure interaction method.  They were also analyzed using discrete, 
nonfrequency-dependent soil springs, as were all other Seismic 
Category I structures. 
 
For the finite element analysis, the containment lumped mass model 
discussed in Section 3.7B.2.3 was attached to a finite element 
representation of the soil subgrade, as shown on Figure 3.7B-54.  For 
discussion of soil properties used, refer to the BVPS-2 Report on Soil 
Densification program (DLC 1976).  This model was then subjected to 
horizontal and vertical excitations by means of the program PLAXLY.  
The bottom boundary was taken at bedrock and the side boundaries used 
PLAXLY'S energy transmitting boundary corresponding to layers of soil 
extending laterally to infinity.  The material properties of the soil 
were assumed to be linearly viscoelastic, and the dynamic equations 
were solved in the frequency domain using Fourier transformation 
techniques.  Nonlinear behavior in the subgrade was simulated by an 
iterative algorithm, in which the soil parameters were adjusted 
according to the resulting levels of strain (for a more detailed 
discussion of PLAXLY, refer to Appendix Section 3A.1.7). 
 
For comparison purposes the containment and fuel buildings were also 
analyzed using a common finite element soil grid, as shown on Figure 
3.7B-55, by means of the program FLUSH (Lysmer et al 1975).  The 
analyses with discrete nonfrequency-dependent soil springs used spring 
constants calculated by equations suggested by Whitman (et al 1967), 
Richart (et al 1970), Wass (1972), and Kausel and Roesset (1975).  A 
value of 10 percent maximum soil damping assured the conservatism of 
the discrete spring method. 
 
Comparisons of the containment ARS generated by both analyses, 
(Figures 3.7B-56, 3.7B-57, 3.7B-58, 3.7B-59, 3.7B-60 and 3.7B-61) 
demonstrate that the discrete spring method is considerably more 
conservative than the finite element analysis.  Similar comparisons 
for the fuel building are shown on Figures 3.7B-62, 3.7B-63, 3.7B-64 
and 3.7B-65. 
 
Thus, the discrete spring method, as formulated for the soil 
conditions described in Section 2.5.1, provides conservative results 
for Seismic Category I buildings, and is used in place of more 
extensive finite element analysis for buildings other than the 
containment structure.  Since the containment structure is deeply 
embedded, the finite element method is used for its seismic analysis 
as described by the USNRC (1975). 
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3.7B.2.5  Development of Floor Response Spectra 
 
Floor response spectra were developed separately for one vertical and 
two mutually perpendicular horizontal earthquake motions using the 
modal analysis time history method discussed in Section 3A.1.6 for all 
buildings except the containment structure.  Floor response spectra 
for the containment were developed using the modal analysis method in 
PLAXLY, Section 3A.1.7. 
 
Combination of the three components of floor response spectra for use 
in subsystem seismic analysis is discussed in Section 3.7B.3. 
 
3.7B.2.6  Three Components of Earthquake Motion 
 
Procedures to combine three components of earthquake motion to 
determine the response of seismic systems meet the recommendations of 
Regulatory Guide 1.92 to the extent described in Section 1.8. 
 
3.7B.2.7  Combination of Modal Responses 
 
In general, for those Seismic Category I systems analyzed by the modal 
analysis response spectrum method, the influence of closely spaced 
modes was considered by use of the "double sum method," described in 
Regulatory Guide 1.92 and in Singh (et al 1973) to the extent 
described in Table 1.8-1.  If there are no closely spaced modes, the 
responses are combined by using the SRSS method. 
 
3.7B.2.8  Interaction of Non-Category I Structures with Seismic 

Category I Structures 
 
All Seismic Category I structures are separated from adjacent 
structures by a 4-inch shake space.  The 4-inch clearance is larger 
than the predicted relative displacements of any adjacent buildings.  
Section 2.5.4 provides a discussion for determining relative 
displacements. 
 
Non-Category I structures are sufficiently remote from Seismic 
Category I structures to preclude interaction or are designed as 
discussed in Section 3.8.3 to avoid collapse during an SSE, thus 
preventing significant damage to adjacent Category I structures. 
 
3.7B.2.9  Effects of Parameter Variations on Floor Response Spectra 
 
In order to consider the effects of variations of structural 
properties, dampings, and soil properties, peak resonant period values 
of the floor response spectra were spread plus 25 and minus 20 percent 
with vertical sides except as indicated in Section 3.7B.3.1.2.  For 
the containment structure which experiences substantial cracking 
during the structural acceptance test, floor response spectra for the 
cracked and uncracked cases were enveloped. 
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The use of floor time histories in subsystem analysis is discussed in 
Section 5.4.14. 
 
3.7B.2.1O  Use of Constant Vertical Static Factors 
 
Dynamic vertical responses were calculated in all seismic system 
analyses, precluding the need to use constant vertical static factors. 
 
3.7B.2.11  Method Used to Account for Torsional Effects 
 
The containment structure is axisymmetric and was analyzed using 3 
degrees-of-freedom per mass.  All other Seismic Category I structures 
were analyzed dynamically using 6 degrees-of-freedom per mass.  
Effects of eccentricity between centers of mass and centers of 
stiffness or soil contact were included in determining appropriate 
member stiffnesses in the dynamic models. 
 
3.7B.2.12 Comparison of Responses 
 
As discussed in Section 3.7B.2.1, the results of the response spectrum 
analysis were used for the design of all Seismic Category I structures 
except the containment structure, and the results of the modal time 
history analyses provided the floor time histories used to create 
floor response spectra. 
 
The maximum responses attained from the time history analysis are 
compared with those resulting from the response spectrum technique in 
Tables 3.7B-25, 3.7B-26, 3.7B-27 and 3.7B-28 for representative 
structures. 
 
The generally higher time history results are attributable to the fact 
that the artificial ground time history yield response spectra 
conservatively envelop the BVPS-2 ground response spectra.  The extent 
of this conservatism is illustrated on Figures 3.7B-3, 3.7B-4, 3.7B-5, 
3.7B-6, 3.7B-7, and 3.7B-8 which compares the BVPS-2 ground response 
spectra with response spectra generated by using the site artificial 
time history as the forcing function.  The increased acceleration 
response, particularly in the 1.0-5.0 Hz range, resulting from the 
artificial time history, is comparable to the increases witnessed in 
Tables 3.7B-25, 3.7B-26, 3.7B-27 and 3.7B-28.  The finite element 
studies discussed in Section 3.7B.2.4 support the conservatism of both 
the response spectrum and the time history analyses. 
 
3.7B.2.13  Methods for Seismic Analysis of Category I Dams 
 
There are no Category I dams at this site. 
 
3.7B.2.14  Determination of Category I Structure Overturning Moments 
 
Overturning moments for Seismic Category I structures are determined 
by taking the accelerations derived from combinations of the three 
components of earthquake motion and conservatively combining the 
vertical and lateral forces in order to maximize the overturning 
moment. 
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The structural overturning moment was calculated by multiplying each 
lumped mass and its horizontal acceleration by its distance above the 
founding elevation.  To this moment was added the moment resulting 
from multiplying the lumped mass by its vertical acceleration and the 
horizontal eccentricity between its center of mass and the mat-soil 
center of contact.  In order to consider the action of vertical and 
lateral forces conservatively, eight separate cases were generally 
investigated.  Horizontal accelerations were studied acting in four 
perpendicular directions (North, South, East, and West) and each of 
these horizontals was combined with the vertical acceleration acting 
up and acting down.  The resulting overturning moment was then 
compared with the minimum resisting moment to determine the factor of 
safety against overturning which was required to be greater than the 
value given in Table 3.8-13.  The peak soil bearing pressure was then 
checked against the allowable value specified.  Bearing capacities and 
required factors of safety against overturning and sliding are 
discussed in Section 2.5.4. 
 
3.7B.2.15  Analysis Procedure for Damping 
 
An equivalent viscous modal damping, reflecting the different damping 
rates in various portions of the structure, is computed for use in 
structural dynamic analysis.  The modal damping ratio is a weighted 
average of member and support spring damping, based on the 
contribution of each to the total strain energy of the mode shape.  
The method is based on work by Roesset (et al 1973).  The following 
discussion is meant to serve as a general description.  The more 
theoretical derivations (Roesset et al 1973; Whitman 1970) are found 
in the literature. 
 
3.7B.2.15.1  Damping and Strain Energy Methods 
 
An important factor in determining structural response is the damping 
phenomenon.  Two types of damping are generally recognized:  viscous 
(in which the energy dissipated per cycle is proportional to 
frequency) and hysteretic (in which no frequency dependence is seen).  
Most structural elements display hysteretic behavior, while supporting 
soils appear to combine both hysteretic and viscous damping 
mechanisms. 
 
For certain applications (for example, pipe breaks) in which 
foundation motion can be neglected, only hysteretic damping need be 
considered.  Whitman's (1970) analysis of Biggs' formula gives a 
useful approximation for the damping of each mode when material 
damping varies from element to element.  The expression for the 
equivalent viscous modal damping is obtained by a strain-energy 
weighting of element damping: 
 



 BVPS-2 UFSAR Rev. 0 

3.7-12 

 

 j
i

N

i

j
ii

N

ij
eqv

E

ED
B

1

1

=

=

Σ

Σ
=

 (3.7B-2) 

 
where: 
 

 Beqv
j  = Equivalent viscous damping ratio (fraction of critical) 

for structure vibrating in mode j, 
 
 N = Number of elements, 
 
 Di = Hysteretic damping ratio for element i, 
 

 Ei
j  = Strain energy in element i when deflected into mode 

shape j 
 

In particular, when damping is uniform (that is, Di = D) then Beqv
j  = D 

for all modes.  When damping is not uniform, modal damping is weighted 
toward those elements which make the largest contribution to the 
energy of each mode.  In other applications (for example, earthquakes) 
in which foundation motion is significant, viscous damping also must 
be considered.  Current practice treats the soil damping as viscous 
for translational motion, and hysteretic for rotational motion.  
Roesset (et al 1973) extended Biggs' formula to include the viscous 
damping contributions of the soil: 
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where: 
 
 NH = Number of hysteretically damped elements, 
 
 NV = Number of viscously damped elements, 
 
 Wj = Frequency of structure mode j (radians per second), 
 
 Wk = Frequency of element k (radians per second), 
 
 Bk = Critical damping ratio of element k at frequency Wk 
 
The square of the natural frequency W

2
 of the soil element, is equal to 

the ratio of the soil spring stiffness to total mass of the structure 
plus foundation. 
 
This formula reflects the fact that the energy dissipation per cycle 
by the viscous mechanism is proportional to frequency of motion.  Any 
element which displays both hysteretic and viscous damping appears in 
both summations of the numerator, but is not repeated in the 
denominator. 
 
Each element strain energy appearing in Equation 3.7B-2 is evaluated 
from the element stiffness matrix and the displacement of the 
element's boundary joints.  After comparing the Biggs and Roesset 
modal damping ratios calculated from Equations 3.7B-2 and 3.7B-3, the 
lower value for each mode is selected for use in the dynamic analysis, 
thus assuring that the composite modal damping value never exceeds the 
hysteretic damping value.  In no case do modal damping values exceed 
10 percent. 
 
3.7B.3  Seismic Subsystem Analysis 
 
3.7B.3.1  Seismic Analysis Methods 
 
3.7B.3.1.1  Equipment and Components 
 
Seismic Category I equipment is documented for seismic adequacy.  
Depending upon equipment location, the basic source of seismic design 
data is either the ground response spectra, the ARS, or floor time 
history, derived through a dynamic analysis of the relevant structure 
as described in Sections 3.7B.2.5 and 3.7B.2.9. 
 
Three principal methods of documenting adequacy for Seismic Category I 
equipment are: 
 

1. Static analysis, 
 
2. Dynamic analysis, and 
 
3. Testing. 
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The effects of supports are reflected in the input to seismically 
qualified equipment and components.  General stress limits are given 
in Section 3.9B.3.1.  Specific component stress allowables are given 
in Tables 3.9B-7 and 3.9B-10.  Such limits either conform to, or are 
more conservative than, those of ASME Section III, Subsection NF. 
 
Laboratory tests are performed on Seismic Category I mechanical and 
electrical equipment, and complex instrumentation that do not lend 
themselves to being modeled to accurately predict response.  
Conversely, analytical methods are employed when mathematical modeling 
techniques are appropriate (as described here), or when equipment 
characteristics (size rating) preclude laboratory testing.  
Combinations of analysis and testing are also employed to ensure 
adequacy of Seismic Category I equipment. 
 
The SSE is the load basis which ensures the safety function of Seismic 
Category I equipment.  The l/2 SSE loadings are used to ensure 
continued normal operation of the Seismic Category I equipment.  
Earthquake loadings are combined with operating loadings to ensure 
necessary functions during 1/2 SSE and SSE conditions. 
 
Equipment vendors and suppliers are required to formulate programs for 
Seismic Category I equipment qualification in accordance with 
specification requirements.  Documentation of the seller's 
qualification program is reviewed and approved by the Applicant or 
Agent of Applicant. 
 
3.7B.3.1.1.1  Static Analysis 
 
Static analysis is utilized for equipment and components that can be 
characterized as relatively simple structures.  This type of analysis 
involves the multiplication of the equipment or component total weight 
by the specified seismic acceleration (direction dependent loading), 
to produce forces that are applied at the center of gravity in the 
horizontal and vertical directions.  A stress analysis of equipment 
components, such as supports, holddown bolts, and other structural 
members, is performed to determine their adequacy. 
 
In the specification of equipment for static analysis, two or more 
sets of acceleration data are provided.  The choice of which set to 
use is dependent upon the equipment's fundamental natural frequency.  
The relevant response curves are reviewed to determine a cutoff 
frequency, which separates the rigid range from the resonance range of 
the response curves.  Equipment and components having fundamental 
natural frequencies above the cutoff frequency of the relevant 
response curve are analyzed to rigid range response accelerations. 
 
For components or equipment having a fundamental natural frequency 
below the cutoff frequency, analysis is based on response 
accelerations that are not less than those indicated by the amplified 
response curves over the full frequency range of the component. If  
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the fundamental mode of the component falls within any of the resonant 
response peaks, and if the component cannot be characterized as a 
single degree of freedom system, the resonant response acceleration is 
multiplied by a factor of 1.3 as a justified factor for conservatism, 
in order to account for all significant dynamic modes under a resonant 
situation (Section 3.7B.3.5). 
 
Each of the three defined directions of earthquake input (two 
horizontal and one vertical taken orthogonally) is evaluated 
separately.  Horizontal and vertical seismic loads are added 
considering a single horizontal direction earthquake acting 
concurrently with the vertical direction earthquake on a most severe 
basis.  The stresses resulting from the orthogonal earthquake inputs 
are combined by the absolute addition of the worst horizontal plus 
vertical stress.  Equipment is designed to withstand the combined 
effects of normal operating loads acting simultaneously with the 
earthquake loadings without loss of safety function or structural 
integrity. 
 
3.7B.3.1.1.2  Dynamic Analysis 
 
A detailed dynamic analysis is performed when equipment complexity or 
dynamic interaction precludes static analysis, or when static analysis 
is too conservative.  Dynamic analysis methods include: 
 

1. Response spectrum modal analysis, 
 
2. Time-history by modal superposition, and 
 
3. Time-history by numerical integration. 

 
The response spectrum modal analysis technique is most commonly used. 
 
 Modeling 
 
To describe fully the behavior of complex equipment subjected to 
dynamic loads, infinite numbers of coordinates would be required.  
Because calculating every point of the complex equipment model is 
impractical, the analysis is simplified by taking a judicious 
selection of a limited number of mass points.  The lumped mass, or 
consistent mass, approach is employed in the dynamic analysis.  In the 
lumped and the consistent mass idealizations, the main structure is 
divided into substructures and the masses of these substructures are 
concentrated at a number of discrete points.  The nature of these 
substructures, and the stiffness properties of the corresponding 
modeling elements, determine the minimum spacing of the mass points 
and the degrees of freedom to associate to each point.  In accordance 
with the minimum spacing requirements, the analyst can then choose, 
for the model, particular mass points which reflect predominant masses 
of subcomponents which are believed to contribute significantly to the 
total response. 
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Modeling of equipment structures for dynamic analysis starts with the 
calculation of lumped masses at discrete stations, and the evaluation 
of the elastic properties (or stiffness) of connecting members.  The 
number of discrete mass points is selected to adequately describe the 
dynamic characteristics and natural frequency of the equipment.  
General modeling guidelines indicate that good natural frequency 
characteristics are obtained when the number of discrete mass or node 
points selected is twice the number of the highest mode of interest.  
Papers prepared by Lin and Hadjian (1976), Johnson and Kennedy (1977), 
and Lin (1974), and Sections 3.7B.2.1 and 3.7B.2.3 provide 
supplemental modeling guidance. 
 
 Response Spectrum Modal Analysis 
 
The normal mode approach is employed for seismic analysis of equipment 
and components.  Natural frequencies, eigenvectors, participation 
factors, and modal member-end forces and moments of the undamped 
structure are calculated.  The system of equations which describes the 
free vibrations of an n-degree of freedom, undamped structure is 
presented in Section 3.7B.3.8. 
 
Eigenvector-eigenvalue extraction routines, such as Householder-QR, 
Jacobi Reduction, and Inverse Iteration, are used, depending upon the 
total number of dynamic degrees of freedom and the number of modes 
desired. 
 
The basis for the combination of maximum modal response is discussed 
in Section 3.7B.3.7. 
 
 Time-History Methods 
 
There are two separate approaches to the solution of the equations of 
dynamic equilibrium for time-history motions.  The modal superposition 
method involves the modal solution of the free vibration response of 
the system, and the transformation to normal coordinates utilizing the 
mode shapes of the system.  This procedure uncouples the equations of 
motion so that the response of the system in each individual mode may 
be evaluated independently.  Total system response can be determined 
by combining responses of individual modes oscillating simultaneously.  
The second method of time-history analysis is the direct integration 
solution that includes numerical integration of the simultaneous 
differential equations of dynamic equilibrium without transformation 
to normal coordinates.  System response at each time point is 
evaluated by this technique. 
 
Time-history solutions, due to their analytical complexity, are only 
used when results of other methods are too conservative, and when 
acceptable numerical solutions are available in a computer program.  
Computer program capability for time-history solutions is outlined in 
Appendix Section 3A.2. 
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3.7B.3.1.1.3  Testing 
 
Equipment and components that are tested are seismically qualified in 
accordance with the following general instructions for earthquake 
testing.  For tested equipment, these requirements conform with other 
applicable industry standards such as IEEE Standard 344-1971 (Section 
3.10), or provide guidance for testing where no such standards are 
available.  Equipment packages or components are shown to be 
seismically adequate by being tested individually, either as part of a 
simulated structural section, or part of an assembled module or unit.  
In any case, the minimum acceptance criteria includes: 
 

1. No loss of safety function, or ability to function, before, 
during (for those components that may be required to function 
during a seismic event), or after the test, 

 
2. No structural/electrical failure (connections and anchorages) 

that would compromise safety-related component integrity, and 
 
3. No adverse or maloperation before, during, or after the test 

that could result in an improper safety action. 
 
Equipment vendors and suppliers are required to formulate programs for 
qualifying the equipment in accordance with the conditions specified 
in the seismic design requirements contained in the equipment 
specifications.  The vendor must submit a summary of the proposed 
effort for review and approval. 
 
The characteristics of the testing input at the equipment mounting 
locations are defined by ARS curves, zero period response curve 
levels, time-history motions, or combinations of these as applicable.  
Equipment mounted in piping systems derive their input from piping 
systems analysis as described in Section 3.7B.3.3.2. 
 
Single and multifrequency input testing are accepted as a method of 
seismic qualification, based upon the particular plant site, 
structure, and floor response characteristics.  Structures, 
particularly at lower elevations, exhibit a broad frequency range 
response similar to the ground motion during an earthquake.  This 
broad range frequency motion is filtered at higher structural 
elevations and response becomes more periodic in nature.  Knowledge of 
the floor response characteristics of the structure and response 
characteristics of the equipment generally dictate the requirements 
for testing.  Single frequency testing is applicable where periodic 
floor motion is indicated and, conversely, random input testing is 
most applicable for broad frequency range input to components.  Single 
frequency testing can be used to envelop multiple peak floor 
responses, as well as single peak, providing sufficiently high testing 
input is used.  For equipment exhibiting multiple response modes, 
single frequency input may be used, providing the input has 
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sufficient intensity to envelop the floor response spectra of the 
individual modes of the equipment. 
 
The testing machine (fixture) setup is arranged so that the equipment 
tested is mounted to simulate, to the extent possible, the actual 
service mounting, in order to properly simulate the actual dynamic 
input to the tested component.  Equipment is tested in the operating 
condition wherever possible, and functions are monitored and verified 
both during and after testing.  However, a true operating environment 
is sometimes not obtainable for equipment such as pumps. 
 
The in situ application of vibratory devices, to superimpose the 
seismic vibratory loadings on the complex active device for 
operability testing, is acceptable when application is justifiable. 
 
A qualification test program may be based upon selectively testing a 
representative number of mechanical components according to type, load 
level, size, etc, on a prototype basis. 
 
In addition to the single and multifrequency testing programs 
outlined, laboratory shock results, in-shipment shock data, or 
adequate historical dynamic adequacy data (previous relevant test or 
environmental data) are also given consideration.  The test method 
selected must demonstrate the adequacy of principal structural and 
functional capability of the equipment. 
 
General testing guidance criteria specified for equipment include the 
following: 
 

1. Single Frequency Testing 
 
 Testing is performed for as much of the range between 1 and 

33 Hz as practicable or justified.  Input for qualification 
should, as a minimum, equal the zero period response curve 
level. 

 
2. Sinusoidal Input 
 

a. A frequency scan (two octaves per minute, maximum), at a 
constant acceleration level, is performed over the 
frequency range of interest.  The objective of this test 
is to determine the natural frequencies and 
amplification factors of the tested equipment, and its 
critical components or appurtenances, and to ensure 
general seismic adequacy over the full frequency range 
of interest.  The acceleration inputs used are the 
maximum rigid range accelerations indicated by the 
relevant response spectrum curves (damping independent). 

 
b. A dwell test of the equipment at its fundamental natural 

frequency is included at the acceleration  
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 values specified in item a.  Additionally, other 
frequencies are selected if amplification factors of 2.0 
or more are indicated.  A minimum 20-second duration is 
considered acceptable for each dwell. 

 
c. Other methods of sinusoidal testing may be employed as 

justified.  Included are exploratory tests per Item a 
which employ a low acceleration level input to identify 
equipment response characteristics, and to aid in 
selecting requirements for further testing.  A 
geometrically spaced constant frequency input may be 
employed for further testing.  Intervals of one-half 
octave or less are employed for this spacing. 

 
3. Sine Beat Input 
 
 A sine beat test may be performed in conjunction with a sine 

scan, as an alternative to the dwell portion of the program 
outlined in item 2b previously listed.  The sine beat test is 
performed at natural frequencies, and regions of large 
amplification identified during the sine scan.  The duration 
and peak amplitude of the beat for each particular test 
frequency are chosen to produce a magnitude of equipment 
response most nearly equivalent to that produced by the 
particular floor response spectrum at justifiable damping 
levels. 

 
 Current practice indicates that a minimum of 10 cycles per 

beat should be used, unless a lower number of cycles is shown 
sufficient to duplicate or exceed the response spectra for 
the equipment at the appropriate location.  Five sine beats, 
with a time delay between beats, are commonly used. 

 
 An alternative qualification program consists of applying a 

series of sine beats at geometrically-spaced frequency 
intervals of one-half octave or less over the frequency range 
of interest.  The peak amplitude of the beat employed is, as 
a minimum, the maximum rigid range acceleration indicated by 
the relevant response spectrum curve. 

 
4. Multifrequency Testing 
 
 Multifrequency testing is applicable as a general 

qualification method.  Input excitation in this category 
includes time history, random, power spectral density, 
complex wave shapes, and others as justified.  For the type 
of input applied, the testing machine input must equal, as a 
minimum, the zero period acceleration of the applicable 
response curve.  A frequency range of 1 to 33 Hz is normally 
considered. 
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5. Time-History Input 
 
 A time-history of the equipment support location, or one 

based on a synthesized response curve, may be used as testing 
machine input.  A 15- to 30-second time-history input is 
normally employed.  The test table input must develop a 
response curve, which envelops the relevant response spectrum 
curve when a synthesized record is used. 

 
6. Random Motion Input 
 
 Random input testing is performed so that the applicable 

response spectrum curve is enveloped by that produced by the 
table motion.  The input is controlled by one-third octave 
(or less) bandwidth filters over the frequency range of 
interest with a minimum of 15 seconds or greater test 
duration.  Normally, random tests are performed to produce a 
response curve based on test machine input, which envelops 
the relevant response spectrum curve.  A special case random 
test may be performed when a power spectral density 
equivalent of the applicable response curve is specified. 

 
 Tests combining random input in conjunction with other wave 

forms may be employed as justified. 
 
7. Complex Wave Test 
 
 A complex wave test may be performed by subjecting the 

equipment to an input motion, generated by summing a group of 
decaying sinusoids spaced at one-third octave, or narrower 
frequency intervals, over the frequency range of interest.  
Individual decay rate controls from 0.5 to 10 percent are 
used.  Response curves based on test table input must be 
shown to envelop the relevant response curve. 

 
3.7B.3.1.2  Piping Systems 
 
Analyses of BOP supplied Seismic Category I and Seismic Category II 
piping systems are generally performed by the modal analysis response 
spectra method.  The equivalent static load method of analysis is used 
primarily for small bore fire protection piping (Seismic Category II) 
and instrument tubing (Seismic Categories I and II).  However, its 
applicability for applications to other piping shall remain optional.  
Piping which is not Seismic Category I is seismically analyzed when 
its failure could affect a Seismic Category I system. 
 
The criteria and procedures used for modeling are described in Section 
3.7B.3.3.2.  A typical mathematical model of a piping system is shown 
on Figure 3.7B-67.  Boundaries, such as anchors, are defined  
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so as to analytically isolate the piping system, treating the model as 
a bounded system. 
 
The following describes input used for the design basis of nuclear 
safety-related piping systems that are dynamically analyzed by the 
modal analysis response spectra method: 
 

1. Amplified Response Spectra 
 
 Obtained for discrete locations in the structure proximate to 

the point where the piping systems are supported.  Enveloping 
and peak broadening procedures are applied to these ARS 
before utilization, as described as follows.  Damping values 
used for piping are 0.5 percent for 1/2 SSE and 1 percent for 
SSE, except as indicated below, as defined in Table 3.7B-1. 

 
2. Seismic Piping Anchor Movements 
 
 Obtained from calculated seismic displacements of structures 

proximate to piping anchor and support locations.  These 
movements are used as static input to calculate the resulting 
internal forces and moments throughout the piping system 
(Section 3.7B.3.8). 

 
Where a piping system is subjected to more than one response spectrum, 
as when support points are located in different parts of the structure 
or in separate structures, an enveloping procedure as well as a peak 
broadening with vertical sides (plus 25 percent and minus 20 percent 
of peak resonant period values, except as indicated below) is applied 
to generate a composite or worst-case spectrum for analysis.  The 
response spectra modal analysis provides response quantities for each 
mode which are then combined over all significant modes (Section 
3.7B.3.7).  Significant dynamic modes under seismic excitation are 
defined as those modes with frequencies less than 50 cps or the first 
50 modes, whichever is reached first.  The combined seismic responses, 
together with internal forces and moments due to seismic anchor 
movements, are then combined with other loadings according to ASME 
Section III Code, Articles NB-3600 (Class 1 piping), NC-3600 (Class 2 
piping), or ND-3600 (Class 3 piping). 
 
The higher, frequency dependent damping values provided in ASME III 
Code Case N-411 may be used for pipe stress reconciliation and for 
support optimization.  This code case also employs peak broadening 
consistent with the intent of Regulatory Guide 1.122 (plus and minus 
15 percent of peak resonant period values with parallel sides). 
 
Time history analysis is generally employed for fluid-induced 
transient dynamic problems (water hammer and steam hammer) in piping 
systems but time history analysis is not normally used for piping 
seismic analysis. 
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Detailed descriptions of analytical procedures and design criteria for 
Seismic Category I piping can be found in Section 3.7B.3.8. 
 
No tests or empirical methods are utilized in lieu of analytical 
methods for any Seismic Category I piping. 
 
3.7B.3.2  Determination of Number of Earthquake Cycles 
 
3.7B.3.2.1  Equipment and Components 
 
ASME III (NB-3112.3b) requires that the number of earthquake cycles to 
be used in the analysis of ASME III Code Class 1 components be 
specified as part of the design mechanical loads.  The following 
criteria are used for all components within the jurisdiction of the 
ASME III code: 
 

1. A total of five 1/2 SSE and one SSE is assumed. 
 
2. A minimum of 10 maximum stress cycles per earthquake is 

assumed. 
 
3.7B.3.2.2  Piping Systems 
 
All ASME Class 1 piping systems have been designed for a minimum of 10 
maximum stress cycles per seismic event in the analysis.  A total of 
five 1/2 SSE and one SSE is assumed. 
 
3.7B.3.3  Procedures Used for Modeling 
 
3.7B.3.3.1  Equipment and Components 
 
The procedures used for modeling of equipment and components are 
contained in Section 3.7B.3.1. 
 
3.7B.3.3.2  Piping Systems 
 
The basic method of analysis used is the finite element stiffness 
method.  In accordance with this method, the piping is mathematically 
idealized as an assembly of elastic structural beam members connecting 
discrete nodal points.  Nodal points are placed in such a manner as to 
identify particular types of piping elements, such as straight runs of 
pipe, elbows, valves, etc, for which force-deformation-stress 
characteristics can be computed.  Nodal points are also placed at all 
discontinuities, such as piping supports, concentrated weights, branch 
lines, and changes in cross section.  Inertial characteristics of the 
piping system are simulated by discrete masses of pipe and pipe 
components (including all concentrated and eccentric masses such as 
valves and valve operators) lumped at selected node points.  The 
spacing between lumped masses for straight run of pipe is chosen to be 
smaller than the span of a simply supported beam with fundamental 
frequency of 33 cps.  Generally, at least three mass points are 
located between pipe 
 



 BVPS-2 UFSAR Rev. 0 

3.7-22a 

supports acting in the same direction.  System loads other than 
weights, such as thermal forces and earthquake inertial forces, are 
calculated and applied at the nodal points.  The stiffness matrix of 
the piping system is calculated based upon the elastic properties of 
the pipe and pipe components, and includes the effects of bending, 
 



 BVPS-2 UFSAR Rev. 0 

3.7-23 

torsional, axial, and shear deformations.  The stiffness of piping 
elbows, and certain branch connections, is modified to account for 
local deformation effects by the flexibility factors published in the 
ASME Section III Code, Articles NB-3600 (Class 1 piping), NC-3600 
(Class 2 piping), and ND-3600 (Class 3 piping). 
 
Where the equivalent static load method of analysis is used, the 
modeling criterion is described in Section 3.7B.3.5.2. 
 
3.7B.3.4  Basis for Selection of Frequencies 
 
3.7B.3.4.1  Equipment and Components 
 
The ARS (floor) developed for horizontal (two directions) and vertical 
direction earthquakes are the basic sources of seismic design 
accelerations.  As noted in Section 3.7B.3.1.1, seismic accelerations 
are selected from the ARS based on natural frequency calculations for 
the equipment. 
 
3.7B.3.4.2  Piping Systems 
 
In the seismic design and multi-mass modal analysis of Seismic 
Category I piping systems (Section 3.7B.3.8), the practice of 
selecting piping fundamental natural frequencies to preclude resonance 
is not used.  This practice is also not used in the equivalent static 
load method of analysis (Section 3.7B.3.5.2). 
 
3.7B.3.5  Use of Equivalent Static Load Method of Analysis 
 
3.7B.3.5.1  Equipment and Components 
 
Those components which are considered relatively simple or rigid are 
designed, by virtue of natural frequency calculations, to withstand 
the effects of amplified seismic acceleration values dependent upon 
frequency and amplitude ranges associated with the installation, 
location, and corresponding relevant ARS.  Analysis of components to 
the peak value of resonant response is considered conservative, since 
fundamental natural frequencies do not generally coincide with the 
frequency at resonance of the relevant response curve.  Components 
having fundamental natural frequencies within the broadened response 
peak are designed to peak acceleration values, increased by a factor 
of 1.3, or as justified, to account for the contribution of all 
significant dynamic modes under a resonant condition.  Generally, the 
vibratory characteristics of the components, qualified by resonant 
static analysis, are such that no possibility exists for adjacent or 
multiple modes to exist within the relatively narrow peak of a typical 
response spectrum. 
 
The discussion which follows justifies the use of a factor of 1.3 as a 
conservative multiplier to be applied to single or multiple degree-of-
freedom systems having fundamental frequencies within the broadened 
resonant response peak.  Multiply-supported, or  continuous 
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type, span components are not part of this proof.  When multiply-
supported equipment and components are analyzed by simplified methods, 
a factor of 1.5 times the peak resonant response is used. 
 
3.7B.3.5.1.1  Single Deqree-of-Freedom Systems 
 
Peak broadening is intended to reflect a range of uncertainty in the 
precise location of the resonant peak of the response curve, and not 
indicate that the multiple peak resonant response is possible within 
this broadened range.  What is concluded is that there is a fairly 
equal chance that the peak of the curve (singular) would fall in the 
specified range and, thus, what exists, in fact, is a family of 
resonant response curves, each having only one point of peak resonant 
response (Figure 3.7B-68).  If more than one system or component mode 
of vibration falls within the broadened peak, one and only one mode (a 
presumed worst case) can be presumed at an actual response peak value 
(Figure 3.7B-69).  All other possible modes would realistically 
respond to lower values.  Using the simple vibration theory and some 
simplifying assumptions, it is shown that a factor of 1.3 is 
conservative. 
 
A simple damped oscillator responds with a transmissibility: 
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 (3.7B-4) 

 
where : 
 
 ωn = the undamped natural circular frequency, 
 
 ω = the frequency of the exciting force, 
 
 β = ratio of damping to critical damping. 
 
The value of TR is dependent on the damping value β, and the ratio of 
exciting frequency to oscillator natural frequency.  When the exciting 
frequency equals the oscillator natural frequency, the steady state 
input is amplified by the value of TR and the response amplitude is 
maximum.  In a seismic environment, maximum response is equal to the 
peak of the ARS curve. 
 
If additional modes are assumed around the peak of the response curve, 
as illustrated on Figure 3.7B-69, values of TR can be determined for 
each mode and the SRSS of these values computed.  It is shown that TR 
increases as the number of modes increase, and that 
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the most conservative placement of assumed modes is with one mode at 
the peak and other modes centered around this peak. 
 
Data shown on Figure 3.7B-70 justify the use of a factor of 1.3 as 
conservative for all potential equipment applications.  The curves are 
developed for two planes representing five modes and nine modes 
assumed acting within the broadened resonant peak.  These numbers are 
intended to show an upper bound for general equipment application. 
 
As further conservatism, all modes are considered participating 
equally.  This is never the case in dynamic analysis.  The higher 
frequencies of the component are given equal weight to the fundamental 
resonant frequency and the modes are centered on the nominal response 
curve.  If the fundamental frequency was placed on the peak of the 
nominal curve, the results would show even lower transmissibilities. 
 
The factor 1.3 is applicable only for those components whose 
fundamental natural frequency falls within the broadened response 
peak. 
 
It has been shown that, for the range of values associated with 
component and system static analysis, use of the 1.3 factor is 
conservative.  In fact, for a predominant number of likely cases, a 
value far less than this could be justified on the basis of the data. 
 
For example, a value of 1.1 could easily be justified for most 
components which present only a few significant modes of vibration 
within the broadened response peak.  It is further emphasized that, in 
reaching these conclusions, the most conservative assumptions 
regarding location of the nominal response curve and the placement of 
response modes for the arbitrary component have been made. 
 
3.7B.3.5.1.2  Multi-Degree of Freedom Systems 
 
As a conclusive supplement to the previous discussion, a study was 
performed utilizing rigorous dynamic analysis of models closely 
representative of typical components. 
 
This investigation consists of computing the ratio of maximum dynamic 
stress to maximum static stress (the factor denoted by K) for several 
model beams subject to a flat response and typical ARS.  Since bending 
stress is dominant for frame/equipment constructions, the actual ratio 
employed equals: 
 

 K
imum dynamic moment

imum static moment
=

max

max
 (3.7B-5) 

 
Both SRSS and absolute moments are computed for comparison purposes, 
but conclusions are based solely on SRSS moments because they most 
closely represent actual dynamic stress. 
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Maximum static moment corresponds, in the case of the lg flat 
response, to lg static load.  In the case of a typical amplified 
response, the maximum static load is based upon the following 
frequency relationships (Figure 3.7B-7): 
 
 fo ≤ fp,   g   =   gmax (peak acceleration) 
 (3.7B-6) 
 fo > fp,   g   =   acceleration at fo 
 
where: 
 
 fo = the fundamental frequency of the model beam, Hz 
 
 fp = the frequency at which the peak acceleration occurs, 

Hz 
 
The effect of peak spreading is investigated by using a flat response, 
thus giving all modes the same acceleration.  This is equivalent to 
infinite peak spreading.  The importance of the uncertainty in the 
location of the peak acceleration with respect to the fundamental mode 
of the model beams is examined by adjusting the fundamental frequency 
from well below to well above the peak resonant frequency of a typical 
response spectrum. 
 
The model beams selected for this study are shown on Figure 3.7B-72.  
These beams are typical of the frames and equipment combinations used 
in  nuclear power plants.  All dynamic analyses were conducted using 
the STRUDL computer program described in Appendix 3A.  Static analyses 
were carried out by hand, except for the simple/fixed beam with 
overhang.  Consistent with design practice, all mountings in this 
study are assumed rigid. 
 
3.7B.3.5.1.3  Results for Flat Response 
 
Table 3.7B-29 summarizes the results for a lg flat response applied to 
the model beams of Figure 3.7B-72.  Three K factors were computed for 
comparison purposes: 
 

 Ks/c

MaximumSRSS
dynamic moment

Maximum static moment
from concentrated load

=  (3.7B-7) 
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 Ks/u

MaximumSRSS
dynamic moment

Maximum static moment
from uniform load

=  (3.7B-8) 

 

 Ka u

Maximum ABS
dynamic moment

Maximum static moment
from uniform load

/ =  (3.7B-9) 

 
All conclusions in this study are based on Ks/u because it most closely 

represents the actual ratio of dynamic moment to static moment.  Ka/u 
was not chosen because, as can be seen in Table 3.7B-30, modes are so 
widely spaced that no more than one modal frequency lies within a ±1O 
percent frequency band.  Ks/c is shown since this is the K factor which 
represents a typical simplification used in component analysis 
(concentrated static loads at component center of gravity). 
 
The lg flat response was selected to give infinite peak spreading.  As 
can be seen, Ks/u was never greater than unity. 
 
3.7B.3.5.1.4  Results for Amplified Response 
 
Table 3.7B-31 presents the results for the simply supported/fixed 
model beam with 33 percent overhang subjected to the response spectra 
of Figure 3.7B-71.  The 1st Mode column (Table 3.7B-31) gives the 
fundamental frequency, fo, and response acceleration, go, at fo.  Note 

that fo was adjusted (by density variation) from well below to well 

above the peak frequency, fo, of the response spectra to determine the  
effect on K of the uncertainty in the location of the peak frequency 
with respect to the fundamental frequency of the model beam.  Since 
all values of Ks/u were less than unity, it is concluded that this 
uncertainty has no important effects on the K factor.  Additional 
results are provided by Gwinn and Goldstein (1974). 
 
3.7B.3.5.1.5  Conclusions 
 

1. Peak acceleration times 1.3 applied as a static load to 
equipment whose fundamental natural frequency is within the 
broadened peak of the ARS curve is conservative. 

 
2. No amount of peak spreading can itself result in a Ks/u 

factor significantly greater than unity. 
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3. Uncertainty in the frequency at which the peak response 
acceleration occurs itself has no important effects on the K 
factor. 

 
4. Multiply supported continuous spans are not included in the 

scope of this study.  Components or equipment which make up a 
system of continuous multiple span supports utilize a factor 
no less than 1.5 times peak acceleration as in Item 1, if 
applicable. 

 
3.7B.3.5.2  Piping Systems 
 
Where the equivalent static load method of analysis is used, stress 
calculations are performed in a sectionalized (between supports) 
(Section 3.7B.3.1.2) manner using acceleration values from the ARS.  A 
system with closely-spaced pipe supports represents many one-
dimensional straight beam problems, wherein the coupling effects of 
three-dimensional piping systems can be reduced by locating restraints 
near elbows, tees, and concentrated masses (such as valves).  These 
manual calculations provide a sufficient basis to satisfy requirements 
of Articles NC-3600 and ND-3600 of Section III of the ASME Code. 
 
If the fundamental frequency of piping section between restraints (fp) 
is less than or equal to 33 cps, simplified seismic analysis computes 
the seismic stress components by multiplying the deadload stresses by 
an equivalent load factor of 1.5 times the peak of the ARS.  The SRSS 
of these seismic stress components in two horizontal and one vertical 
direction is formed to obtain the resultant seismic stress.  If fp is 
greater than 33 cps, an equivalent load factor of 1.0, instead of 1.5, 
is used.  Deadload and thermal responses are also calculated using a 
simple beam formulation based on the length of the predetermined span. 
 
3.7B.3.6  Three Components of Earthquake Motion 
 
In the seismic analysis of equipment and components, each of the three 
defined directions of earthquake input (two horizontal and one 
vertical taken orthogonally) is evaluated independently.  The stresses 
resulting from the orthogonal earthquake inputs are combined by the 
absolute addition of the worst horizontal plus vertical stress.  
Operating stresses are added to the maximum seismic stress. 
 
In the seismic analysis of piping systems, the effects of simultaneous 
action of three spatial components of earthquake motion are 
considered.  When the response spectrum modal analysis method is 
utilized for seismic analysis, the maximum piping modal responses 
(moments and displacements) due to the three spatial components of 
earthquake motion may be obtained by either SRSS method or by a 
modified SRSS method.  In the modified SRSS method, when considering a 
particular vibration mode, responses in a particular direction due to 
the two horizontal direction excitations are combined by SRSS and then 
combined with response (in this same direction) due to the vertical 
direction excitation, using absolute summation.  It has been  
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demonstrated by Chang (1973) that this modified SRSS method is always 
conservative compared with the SRSS method described in position C.2.1 
of Regulatory Guide 1.92. 
 
Mathematically the modified SRSS method of response can be expressed 
as: 
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 ( ) ( ) ( ) ( )Rix j Rix jx Rix jz Rix jy= + +
2 2

 

 ( ) ( ) ( ) ( )Riy j
Riy jx

Riy jz
Riy jy

= + +
2 2

 (3.7B-10) 

 ( ) ( ) ( ) ( )Riz j Riz jx Riz jz Riz jy= + +
2 2

 

 
where: 
 
 (Rix)j  combined response in the x, y 

 (Riy)j = or z direction, respectively, 

 (Riz)j  at node point i for mode j 
 
 (Rix)jz = response at node i in the x direction 
    in mode j due to the z earthquake 
 
 
(Rix)j, (Riy)j, and (Riz)j are then combined for modes 1 to N by methods 
described in Section 3.7B.3.7, where N is the number of significant 
modes considered in the modal response combination. 
 
3.7B.3.7  Combination of Modal Responses 
 
For equipment and components, the following methods of combination of 
modal responses are employed for each direction of earthquake motion: 
 

1. When performing response spectrum modal analysis, the 
representative maximum value of a particular response 
earthquake is obtained by taking the SRSS of corresponding 
maximum values of the response of the element attributed to 
individual significant modes of the structure, system, or 
component.  Mathematically, this can be expressed as: 

 

 2/1][ 2
k

N

1k
RR

=
Σ=  (3.7B-11) 

 
 where: 
 
 R = the representative maximum value of a particular 

response of a given node to a given component of an 
earthquake, 
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   Rk = the peak value of the response of the node due to 
the kth mode, 

 
   N = the number of significant modes considered in the 

modal response combination. 
 

2. When performing response spectrum modal analysis, if closely 
spaced modes exist, the grouping method as described in 
Regulatory Guide 1.92 is employed to combine modal responses.  
Mathematically, this can be expressed as follows: 

 

   (3.7B-12) 

      
 

 where: 
 
    and Rmq are modal responses,  and Rm within 

the qth group, respectively, 
 
   i is the number of the mode where a group starts, 
 
   j is the number of the mode where a group ends, 
 
   R, Rk, and N are as defined previously in Position 1.1 

of Regulatory Guide 1.92, and 
 
   P is the number of groups of closely spaced modes, 

excluding individual separated modes. 
 

3. The method used for combination of three components of 
earthquake motion is described in Section 3.7B.3.6. 

 
The following methods are applicable to BOP piping systems employing 
the modal analysis response spectra method. 
 

1. If the modes are not closely spaced (two consecutive modes 
are defined as closely spaced if their frequencies differ 
from each other by 10 percent or less of the lower 
frequency), the maximum responses of piping are obtained by 
taking the SRSS of corresponding maximum modal responses of 
the piping attributed to individual significant modes.  This 
is in agreement with Position C.1.l of Regulatory Guide 1.92, 
dated February 1976. 

 
2. If closely spaced modes exist, then the grouping method is 

employed to combine various modal responses from a dynamic 
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 modal analysis.  This is in conformance with Position C.1.2.1 
of Regulatory Guide 1.92. 

 
3.7B.3.8  Analytical Procedures for Piping 
 
The general analytical procedure of the modal analysis response 
spectra method for BOP piping systems is described in Section 
3.7B.3.1.2.  Basic steps and equations used in the analytical 
procedure are described as follows: 
 
For dynamic analysis, the piping is represented by a lumped mass, 
multi-degree-of-freedom mathematical model.  The distributed piping 
mass is lumped at the system nodal points.  The equation of motion for 
the system is: 
 
 [ ] { } [ ] { } [ ] { } { }M X C X K X F&& &+ + =  (3.7B-13) 

 
where: 
 
 [ ]M  = Mass matrix for assembled system, 

 
 [ ]C  = Damping matrix for assembled system, 

 
 [ ]K  = Stiffness matrix for assembled system, 

 
 { }X  = Nodal displacement vector 

   ( )[ ]= X t , 
 
 { }&X  = Nodal velocity vector 

   { }= & ( ) ,X t  

 
 { }&&X  = Nodal acceleration vector 

   { }= && ( ) ,X t  

 
 { }F  = Applied dynamic force vector { }= F t( ) ,  
 
  = [ ] { }− M Ug&&  for seismic analysis, 

 
 { }&&Ug  = Seismic absolute acceleration vector for points of pipe 

support. 
 
This equation is solved to determine the system dynamic response as 
follows:  First, the frequency equation, obtained by removing the 
forcing and damping terms from the previous equation, is solved for 
the system natural frequencies and mode shapes.  Next, the natural 
mode shapes are used to transform this equation into a series of 
independent equations of motion uncoupled in the system modes.  Then, 
the uncoupled equations are solved by the response spectrum method to 
obtain system response in each mode, and finally the individual modal 
results are combined to determine the total system dynamic response. 
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The mathematical formulation of these steps is as described in the 
following sections. 
 
3.7B.3.8.1  Natural Frequencies and Mode Shapes 
 
First, the eigenvalues (natural angular frequencies) and the 
eigenvectors (mode shapes) for each of the natural modes are 
calculated by solving the frequency equation: 
 

 [ ] [ ]( ) { } { }K
n

M n o− =ω φ2  (3.7B-14) 

 
 n = 1,2,3....,N 
 
where: 
 
 ωn = natural frequency of the nth mode, 
 
 {φ}n = mode shape vector of the nth mode, 
 
 {O} = null vector, 
 
 N = number of significant modes considered 
 
The eigenvalues and eigenvectors are obtained using the Householder-QR 
algorithm. 
 
3.7B.3.8.2  Dynamic Response 
 
Next, let {η(t)} be the generalized coordinate vector, substitute {X} 
= [φ] {η} into the equation of motion and pre-multiply by [φ]T; an 
orthogonal transformation results, from which the uncoupled equations 
of motion shown as follows are obtained. 
 

 && &η β ω η ω ηn n n n n n Pn+ + =2 2  

 (3.7B-15) 
 n = 1,2,3....,N 
 
where: 
 
 [φ] = The square matrix of mode shape vectors, 
 
 ηn = Generalized coordinate for the nth mode 
 
  = ηn(t), 
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 βn = Damping ratio of the nth mode expressed as percent of 
critical damping, 

 
 Pn = Generalized force of the nth mode, 
 

  = { } { }φ T
n F Mn/  for applied dynamic force { }F , 

 

  = { } [ ]φ T
n M  { }&& /U

g
Mn  for seismic analysis, 

 

 Mn = Generalized mass of the nth mode = { } [ ] { }φ φT
n M n  

 
Solutions to these differential equations are obtained by the method 
of ARS superposition, as described by the following: 
 
3.7B.3.8.3  Response Spectrum Superposition 
 
The response of a piping system to seismic excitations is obtained 
using the method of response spectrum superposition.  Seismic input is 
represented by a set of ARS, applied in each appropriate global 
coordinate direction.  These ARS are generated from the application of 
simultaneous time-history acceleration responses obtained from the 
structure or equipment time-history analysis.  These ARS are peak 
broadened (Section 3.7B.2.9) to reflect variations in structure 
properties.  Where a piping system is subject to more than one set of 
ARS, such as support points located in different structures or 
different parts of the same structure, the enveloping and peak 
broadening are applied to all participating sets of ARS (Section 
3.7B.3.1.2).  This results in a final set of ARS, one in each global 
coordinate direction, to be used for final design.  The maximum 
acceleration for the nth mode of the piping system in the jth global 
coordinate direction due to the simultaneous action of three spatial 
components of an earthquake, is then given by: 
 
  { }&&X nj = { }φ ηn nj&& max  (3.7B-16) 

 
where: 
 

 && maxηnj  = 

Γnj Sa nj
MN

( )
 

 
 n  = 1,2,3....,N 
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 j = 1,2,3 corresponds to response in X,Y, or Z global 
coordinate direction, respectively. 

 
and: 
 
 { }&&X nj = Maximum acceleration vector of mode n, in the j 

direction, 
 
 && maxηnj  = Maximum generalized coordinate acceleration of mode n, 

in the j direction, 
 
 Γnj = Modal participation factor for the nth mode in jth 

global coordinate direction, 
 

  = { } [ ] { }φ T
n M e j, 

 
 {e}j = A vector with components of unity in all directions 

parallel to jth global coordinate direction and zero, 
otherwise, 

 
 (Sa)nj = Spectral acceleration for the nth mode, in jth global 

coordinate direction (from enveloped and peak 
broadened ARS), 

 
and the maximum inertia force vector for the nth mode is given by 
 
 { } { }F nj Mn n njmax && max= φ η  (3.7B-17) 

 
These inertia forces are calculated for each of the system natural 
modes and applied as static forces in the same manner as the weight or 
thermal forces, to find internal moments and forces in each mode.  The 
total maximum member forces and moments due to seismic excitation are 
then obtained by combining the modal responses described in Section 
3.7B.3.7.  The seismic anchor displacement effect is considered  
separately from the seismic inertial effect as described in Section 
3.7B.3.9. 
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Piping systems are also evaluated to assess the potential for 
significant flow induced dynamic loadings that could result from 
various modes of system operation as defined in the design 
specification.  These dynamic force loadings are included as 
occasional mechanical loadings in piping analysis. 
 
The plant design criteria, applicable to BOP Seismic Category I piping 
systems are tabulated in Tables 3.7B-32, 3.9B-8, 3.9B-9, 3.9B-10 and 
3.9B-11. 
 
3.7B.3.9  Multiply-Supported Equipment and Components with Distinct 

Inputs 
 
To calculate the maximum inertial response of multiply-supported 
subsystems, an upper bound envelope of all the individual response 
spectra for the support locations is used.  In addition, the relative 
displacements at the support points are considered by imposing seismic 
anchor displacements statically on the subsystem as described below.  
 
For support locations attached to the same Seismic Category I 
structure, seismic anchor displacements are considered to be in phase.  
Horizontal displacements between different Seismic Category I 
structures on the same mat foundation are considered to be out-of-
phase, and the maximum relative displacements between the structures 
are thus determined from absolute sums of the support displacements. 
 
When Seismic Category I structures are not attached to the same mat 
foundation, additional displacements caused by the movement of the 
ground surface resulting from the passage of seismic waves are 
combined with the structural inertial displacements as shown in 
equation 3.7B-18. 
 

  X = ( )[ ]( )X X X REL1 2
2

1 2
2

+ + −  (3.7B-18) 

 

where: X = Total relative dynamic displacement (X, Y, 
or Z direction) 

 
  ⎢X1⎢ = Inertial effect of first structure, 

including translational and rotational 
displacements (X, Y, or Z direction) 

 
  ⎢X2⎢ = Inertial effect of second structure 

including translational and rotational 
displacements (X, Y, or Z direction) 

 
  X(REL1-2) = Max relative ground surface displacement 

between structures in absence of structures 
(X, Y, or Z direction) 
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The procedures used to compute structural inertial displacements and 
the relative ground surface displacements are described in FSAR 
Sections 3.7B.2 and 2.5.4.7.4, respectively. 
 
Each maximum relative directional component of seismic anchor 
displacement is treated individually as input and a static analysis is 
performed.  The resulting member forces and moments from all three 
directions of seismic anchor displacement input are combined by the 
SRSS method.  Total seismic response is developed by absolute 
summation of the inertia and anchor displacement effects for OBE.  For 
SSE, anchor displacement effects are considered only for the piping 
systems identified in Table 3.9B-9, and for containment penetrations. 
 
These seismic member moments and forces are then combined with loads 
from deadweight, pressure, other mechanical or thermal loads, to 
complete the stress analysis of all Seismic Category I and some non-
ASME piping.  For ASME Code Class 1 piping, the formulation specified 
in Subarticle NB-3600, ASME Section III, is employed.  For ASME Code 
Class 2 and 3 piping, the formulations in Subarticle NC-3600 and ND-
3600, respectively, are used. 
 
3.7B.3.10  Use of Constant Vertical Static Factors 
 
3.7B.3.10.1  Equipment and Components 
 
Constant load factors are not utilized for vertical floor response in 
the design of Seismic Category I equipment and components. 
 
3.7B.3.10.2  Piping Systems 
 
The method of applying constant static factors as vertical response 
loads, based on the assumption of vertically rigid structures, for the 
seismic design of Seismic Category I piping is not used.  However, a 
simplified analysis (equivalent static load method), using constant 
load factors for both the vertical and horizontal directions based on 
the peaks of applicable ARS, is used for some small bore piping 
systems, as described in Section 3.7B.3.5.2. 
 
3.7B.3.11  Torsional Effects of Eccentric Masses 
 
The effect of eccentric masses, such as valves and valve operators, is 
considered in the seismic piping analysis described in Section 
3.7B.3.1.2.  These eccentric masses are included in the mathematical 
model for the system analysis and the torsional effects caused by them 
are evaluated and included in the total system response.  The total 
response must meet the limits of the criteria applicable to the Safety 
Class of the piping for ASME III piping, and the criteria described in 
Section 3.7B.3.13 for non-ASME III piping which is seismically 
analyzed. 
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3.7B.3.12  Buried Seismic Category I Piping Systems 
 
In performing stress analysis of buried Seismic Category I piping 
systems, the following loadings are considered: 
 

1. Internal pressure, 
 
2. Soil pressure (includes dead load and live loads due to 

traffic when applicable), 
 
3. Thermal expansion, 
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4. Differential movements between structures and adjacent soil 
or along buried piping away from structures due to settlement 
and seismic motion, and 

 
5. Seismic wave effects. 

 
Effects of loadings 1 and 2 are assessed by well-known methods 
(Sections 21-29 to 21-33 of the Piping Handbook) according to King and 
Crocker (1967).  Effects of loadings 3 and 4 are accounted for by a 
static analysis considering piping modeled together with soil springs.  
This is basically a beam on elastic foundation approach.  Both 
loadings 4 and 5 are discussed in detail in the sections immediately 
following. 
 
The basic assumptions concerning buried piping stress analysis are: 
 

1. Piping satisfies the elementary theory of beams, 
 
2. Soil is linear elastic, homogeneous, and isotropic, and time 

independent 
 
3. Piping moves with the surrounding soil during an earthquake. 
 
4. It is assumed that the BVPS-2 site is not subjected to near 

field effects of earthquake shaking.  That is, it is far 
enough away from the source so that body waves (compression 
and shear) have largely been attenuated and the surface waves 
control the amplitudes of motion.  Therefore, for this 
procedure only, Rayleigh waves are assumed to induce stresses 
in the buried piping system since this type of seismic wave 
induces the highest axial strains. 

 
3.7B.3.12.1  Seismic Wave Effect in the Free Field 
 
Various seismic waves develop during an earthquake.  There are 
compression waves (P-waves), shear waves (S-waves), and different 
kinds of surface waves such as Rayleigh waves (R-waves).  When seismic 
waves propagate through the soil, responses of buried Seismic Category 
I piping are calculated by making use of the analytical approach 
proposed by Goodling (1978, 1979, 1980). 
 
Straight portions of buried piping far from the effect of external 
supports, bends and tees are assumed to move with the soil when 
seismic waves propagate through it.  Since Rayleigh waves induce the 
highest axial strains in buried piping, only these waves are 
considered in the analysis.  The strains of the soil have been 
conservatively established as follows: 
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 Axial strain εm
Vm
CR

=  (3.7B-19) 

 

 Bending curvature  χ =
am

C
R2

 (3.7B-20) 

 where: 
 
  Vm = peak ground velocity, in/sec. 

  am = peak ground acceleration, in/sec
2
. 

  CR = Rayleigh wave velocity, in/sec. 
 
Therefore, the stresses on the straight portions of buried piping 
mentioned above are given by: 
 

 Axial stress σ εa
EVm
CR

F

A mE= =max  (3.7B-21) 

 

 Bending stress σ
χ

b
E Do am

C
R

EDo= =
2 2 2

 (3.7B-22) 

 where: 
 
  E = Young’s modulus of pipe, psi. 
  Do = outside diameter of pipe, in. 

  Fmax = maximum axial force, lb. 

  Am = cross-sectional area of pipe, in
2
. 

 
Seismic wave effect on bends and tees in the free field are considered 
separately.  For a bend, the maximum stresses are determined by 
assuming that its longitudinal leg is in the direction of maximum soil 
strain and its transverse leg is in the perpendicular direction. 
 
The longitudinal leg may terminate into another bend, an anchor, or a 
free end.  The bend is classified accordingly and the actual slippage 
length (L') along which slippage between pipe and soil occurs is 
determined as outlined by Goodling (1978). 
 
The net relative displacement Δ, between soil and pipe at the bend is 
given by: 
 

 Δ1

2

2
1= − −εmL

fL

AmE

S L

AmE
'

' '
 (3.7B-23) 

 
 where: 
 
  εmL'  = theoretical unrestrained relative movement 

at the elbow over length L’; 
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  S1L’/AmE = the amount of pipe elongation due to the 
bearing force of soil against the transient 
T’ leg producing the shear force S1 at the 
elbow and which is transformed into an 
axial force in the longitudinal ’P’ leg. 

 
  fL’

2
/2AmE = the pipe elongation due to friction along 

the soil/pipe interface. 
 
  S1  = the axial force in the longitudinal leg, 

lb. 
 
  f  = frictional force per unit length of pipe, 

lb/in. 
 
The bend legs are considered as beams on elastic foundation for which 
its parameter λ is given by: 
 

  λ =
k

EI4
4  (3.7B-24) 

 
 where: 
 
  k = soil spring constant, per unit length, lb/in

2
. 

 
  I = moment of inertia of pipe cross section, in

4
. 

 
In case of long-transverse leg (its length is greater than 3π/4λ the 
following equations are derived by incorporating the interdependence 
of forces, moments, soil deformation, and rotation of the pipe in the 
immediate vicinity of the bend (Goodling 1980). 

  M
R K EI

=
λ

φ

Δ1
/ '

 (3.7B-25) 

 

  S
k

M1
1

2
= +

Δ

λ
λ  (3.7B-26) 

 where: 
 
  M = bending moment, in-lb/in. 
  φ = elbow angle, radians 
  R = radius of elbow in. 

  K’ = 
2

2 )(1210

91

a
tR

+
−  

  t = actual pipe wall thickness, in. 
  a = outside radius of pipe, in. 
 
In case of short transverse leg, the following conservative equations 
derived by Goodling (1978) are used: 
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 Δ1

2

2

3

1
2 1 3 2

2

=

−

+
−

ε

λ

mL
fL

AmE

kL
C

C C C

AmE

'
'

'
 (3.7B-27) 

 

 S
k C

C C C
1

1 3
2 1 3 2

2=
−

Δ

λ
 (3.7B-28) 

 

 M
k C

C C C
Sin=

−

Δ1
2 2

2
2 1 3 2

2λ φ  (3.7B-29) 

 
where: 
 
 C1, C2 and C3 are coefficients given by Goodling (1978) 
 
The maximum axial force in the longitudinal leg, Fmax, induced by the 
seismic motion is given by: 
 
 F S fLmax '= +1  (3.7B-30) 

 
Having  determined the values of Sl, M and Fmax, the stresses due to 
local deformation at the bend can be evaluated.  These stresses are 
superimposed on stresses caused by the curvature of the pipe during 
seismic wave propagation.  The combined stresses at the bend are 
multiplied by an intensification factor (0.75 i) to account for the 
higher intensity of stresses at the elbow. 
 
The following expressions for stress result: 
 

 
[ ]

( )

( ) . / / /

1

1 0 75 2 1
So

Stress at an Elbow

elbow i EDo M Z S Am= + +χ
 (3.7B-31) 

 

 
( )

( )
max

/ /

2

1 2So

Stress in the Longitudinal Run

long F A
m

ED
o

= + χ
 (3.7B-32) 

 
where: 
 
 Z = section modulus of pipe, in

3
. 

 
Occasionally, when the conservative equations used in case of short 
transverse leg result in unacceptable stresses, the technique 
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incorporating the passive resistance of soil, as presented by Goodling 
(1978), may be used. 
 
A similar approach is used for analyzing tees (Goodling 1978). 
 
3.7B.3.12.2 Effects of Differential Movement Between Structure and 

Adjacent Soil Due to Seismic Motion 
 
During an earthquake, it is assumed differential seismic motions occur 
between structures and adjacent soils.  The effect on the buried 
piping systems due to these differential motions can be evaluated by 
considering separately the effects of different components, 
(differential motion components transverse to the direction of the 
piping axis, and differential motion components parallel to the 
direction of the piping axis). 
 
 1. Differential motion components transverse to the direction 

of the piping axis: 
 
  The subgrade reaction approach is used here to simulate the 

effect of soil on the deformation and stress of the buried 
pipe due to differential motion components transverse to 
the direction of piping axis. 

 
  The approach is based on the assumption that soil subjected 

to pressure behaves like a system of uniformly spaced 
elastic springs with predetermined stiffness.  The soil is 
thus represented by a series of orthogonal pairs of elastic 
springs in directions transverse to the piping axis and 
attached to the piping in the mathematical model.  The 
elastic sprinqs in the vertical direction are calculated 
according to the Vesic equation. 

 

  )( 2

4

1
65.0

v
E

IE
DE

D
k s

pp

os

o
ov −
=  (3.7B-33) 

 
 where: 
 
  kov = coefficient of subgrade reaction (FL

-3
) 

  Do = outside diameter of pipe (L) 

  Es = Young’s modulus soil (FL
-2
) 

  Ep = Young’s modulus pipe (FL
-2
) 

  Ip = moment of inertia of pipe (L
4
) 

  ν = Poisson’s ratio soil 
 
The elastic springs in the horizontal direction are calculated based 
on the method described by Audibert and Nyman (1977).  The maximum 
expected transverse seismic structural displacements at the structural 
penetration are used as input in the calculation.  The  
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stress computation is done by the computer program NUPIPE S-W, which 
is listed in Appendix 3A.  In principle, this approach is basically a 
beam analysis on an elastic foundation (Hetenyi 1946). 
 

2. Differential motion components parallel to the direction of 
piping axis. 

 
 The effect on buried long straight piping due to differential 

seismic motions along the direction of piping axis at a 
penetration is assessed by considering the frictional force 
between pipe and soil, and the maximum axial stress due to 
this effect is (Yeh 1974): 

 

 S displ E f a Am( .) ( /= 2 Δ  (3.7B-34) 

 
where: 
 
 Δa = axial displacement of pipe at penetration point through structure, 

in. 
 

When bends or tees exist close to the penetration, the effect of 
differential motion parallel to the direction of the piping axis is 
analyzed by using the NUPIPE-SW Computer Program. 
 
3.7B.3.12.3  Effects of Differential Settlement 
 
Three areas of concern for effects of settlement on buried piping are 
as follows: 
 

1. Settlement of structures, 
 
2. Settlement of soil adjacent to structures to which buried 

piping is attached, and 
 
3. Settlement of soil in which piping is buried away from 

structures. 
 
The magnitude of settlement for each of these areas is determined as 
described in Section 2.5.4. 
 
Settlement of a structure can occur either due to its own weight over 
a period of time or due to an earthquake.  The settlement of a 
structure where piping is connected, as well as the soil adjacent to 
the structure where piping is buried, are imposed on the buried 
piping, and the approach outlined in “differential motion components 
transverse to the direction of piping axis" given previously is used 
to evaluate stresses in the buried piping. 
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Generally, the piping is considered to be sufficiently flexible to 
withstand the gradual differential settlements that may occur along 
buried piping away from structures without exceeding allowable pipe 
stress levels.  For this reason, stress analysis due to settlement of 
buried piping away from structures is usually unnecessary.  However, 
analysis is performed for piping in those areas where it is 
anticipated that differential settlements may be of such a magnitude 
that the resulting pipe stress levels are potentially of concern.  The 
method of analysis is the same as for buried piping connected to a 
structure. 
 
3.7B.3.12.4  Accommodations for Buried Piping Structural Penetration 
 
The resultant loadings imposed by thermal, structural, and seismic 
distortions may cause severe local stresses in buried piping at 
structure penetration points.  The piping, if anchored at the 
structural wall, may be too stiff to accommodate these distortions for 
such locations.  In such cases, the buried piping design includes 
 



 BVPS-2 UFSAR Rev. 16 

3.7-43 

a structural penetration, consisting of a concrete box or a conduit, 
which is not attached to the structure, and is free to move with the 
soil rather than with the structure.  Within the box or conduit, the 
piping may be provided with expansion joints or piping loops to 
accommodate relative displacements in both axial and transverse 
directions, if necessary. 
 
3.7B.3.13  Interaction of Other Piping with Seismic Category I Piping 
 
Non-ASME piping systems are designed to be isolated from any Seismic 
Category I piping system by either an anchor or barrier, or are 
removed from the location of the Seismic Category I piping system.  If 
it is not feasible or practical to isolate the Seismic Category I 
piping system from the non-ASME, the adjacent non-ASME piping is then 
seismically analyzed.  For the non-ASME piping systems attached to 
Seismic Category I piping systems, the dynamic effects of the non-ASME 
piping are simulated in the analysis modeling of the Seismic Category 
I piping and analyzed to the same criteria as the Seismic Category I 
piping system up to and including the first anchor beyond the 
ASME/non-ASME class break, except that if the non-ASME piping is 
connected to ASME III Class 1 piping a fatigue analysis is not 
required for the piping beyond the connection to the Class 1 piping. 
 
For non-ASME piping systems which are not attached to Seismic Category 
I piping systems but whose failure could compromise the design and/or 
function of Seismic Category I components/piping due to its close 
proximity, the non-ASME piping is seismically analyzed and the seismic 
stresses are evaluated in accordance with equation 9 of Subarticle NC-
3600, ASME Code, Section III but equated to faulted allowable (2.4 Sh) 
only to ensure that its structural integrity is maintained. 
 
3.7B.3.14  Seismic Analyses for Reactor Internals 
 
This information is provided in Section 3.7N.3.14. 
 
3.7B.3.15  Analysis Procedure for Damping 
 
The analysis procedure, which include consideration of damping, are 
contained in Sections 3.7B.3.1 and 3.7B.3.8.  Damping values utilized 
in the design and analysis of equipment, components, and piping 
systems are provided in Section 3.7B.1.3. 
 
3.7B.4  Seismic Instrumentation 
 
3.7B.4.1  Comparison with Regulatory Guide 1.12 
 
Beaver Valley Power Station - Unit 2 seismic instrumentation is 
provided, in accordance with the recommendations of ANSI/ANS-2.2-1978, 
as modified by the Regulatory Guide 1.12, Revision 1, for a SSE with 
the maximum acceleration less than 0.3g, with the exceptions listed in 
Table 1.8-1. 
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3.7B.4.2  Location and Description of Instrumentation 
 
Seismic instrumentation packages are located in areas where they can 
be serviced during BVPS-2 shutdown. 
 
All instruments are oriented to the same azimuths, except one remote 
accelerograph sensor which is mounted to the containment crane wall.  
It is oriented such that it will respond to horizontal motion in the 
radial and tangential directions of the containment.  Instrument 
characteristics conform to the requirements of Section 5 of ANSI/ANS-
2.2-1978, as modified by Regulatory Guide 1.12, Revision 1. 
 
The seismic instrumentation system comprises the following 
instruments: 
 
 Time-History Accelerograph System   
 
A triaxial time-history accelerograph system is provided to sense, 
record and analyze data associated with seismic events.  Except for 
the sensors, the system is located in the BVPS-2 control room.  
  
A seismic trigger from either the containment mat or freefield sensor 
initiates recording when seismic activity exceeds an established 
threshold.  When activated by the seismic trigger, signals from the 
sensors on the containment mat and in the freefield are processed by a 
response spectrum analyzer that compares actual conditions with pre-
determined building response  spectra.  Capability for printing event-
specific response spectra from the analyzer is also provided.  
 
Two acceleration sensors are located inside the reactor containment 
structure.  One is mounted on the mat, between the cranewall and the 
exterior wall at elevation 692 feet-11 inches.  The second is located 
directly above the first, on the operating floor at elevation 
767 feet-10 inches.  A free-field sensor is located on a concrete pad 
in the switchyard. 
 
 Triaxial Accelerograph Units 
 
Three independent triaxial accelerograph units consisting of an 
accelerometer, seismic trigger, recorder, clock and auxiliary power 
supply are also provided.  The event is recorded as acceleration 
versus time and can be manually transferred to a response spectrum 
analyzer to obtain the corresponding response spectra.  
 
Locations of the accelerometers for the three units are as follows:  
 
 1. Reactor Containment Structure on the outside face of the 

crane wall above elevation 738 feet-10 inches. 
 
 2. Center of auxiliary building mat, elevation 710 feet- 

6 inches 
 
 3. At base of 480 V motor control center, MCC*2-E03, elevation 

755 feet-6 inches  
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 Triaxial Peak Accelerograph   
 
Three triaxial peak accelerographs capable of measuring and 
permanently recording peak acceleration are provided.  These units are 
passive and require no power input. 
 
Two triaxial peak accelerographs are located within the reactor 
containment structure.  One unit is mounted on the residual heat 
removal heat exchanger, (2RHS-E21A) at elevation 715 feet-6 inches.   
The other unit is attached to the 6-inch safety injection piping, 
(2SIS-006-269-l(A) CL 1502), at elevation 741 feet-5 inches.  
 
The third triaxial peak accelerograph is attached to the 480 V motor 
control center, (MCC*2-E03), at elevation 755 feet-6 inches in the  
auxiliary building. 
 
3.7B.4.3  Control Room Notification 
 
The recorders and control unit for the triaxial time-history 
accelerograph system is located in the BVPS-2 control room.  The 
seismic trigger visual signals are displayed on the control unit 
panel.  Following an event, the recorded data can be displayed or 
printed to review absolute acceleration versus time at  each sensor. 
 
The response spectrum analyzer monitors input data from the sensor on 
the containment mat and in the switchyard.  Response spectra are 
calculated for the event.  If the specified 1/2 SSE limit is exceeded 
at one or more of the specified frequencies, a visual indicator is 
activated.  Thus the operator has notification when the 1/2 SSE design 
response spectra have been exceeded. 
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3.7B.4.4  Comparison of Measured and Predicted Responses 
 
In the event of an earthquake, the control room operator, having been 
informed as discussed in Section 3.7B.4.3, shall determine if the 
response spectra experienced at the foundation of the containment 
structure or in the switchyard have exceeded 1/2 SSE values. 
 
Recorded time-history responses from the triaxial time-history 
accelerographs will be processed by the response spectrum analyzer 
thus allowing comparison of actual building response to design 
response spectra. 
 
Amplified response spectra (ARS) for the floor elevations of the 
sensors in the containment, generated by a response spectrum analyzer 
using the recorded floor motion data, shall be compared with the 
existing containment design ARS for those locations.  The comparison 
will establish whether design basis motion levels were exceeded in 
support of post-earthquake plant evaluation.  
 
3.7B.4.5  In-Service Surveillance of Seismic Instrumentation 
 
The in-service surveillance of the seismic monitoring instrumentation 
will be performed as described in the BVPS-2 Licensing Requirements 
Manual.  
 
3.7N  SEISMIC DESIGN 
 
In addition to the steady state loads imposed on the system under 
normal operating conditions, the design of equipment and equipment 
supports requires that consideration also be given to abnormal loading 
conditions such as earthquakes.  Seismic loadings are considered for 
earthquakes of two magnitudes:  safe shutdown earthquake (SSE) and 
operating basis earthquake (OBE).  The SSE is defined as the maximum 
vibratory ground motion at the plant site that can reasonably be 
predicted from geologic and seismic evidence.  The OBE is that 
earthquake which, considering the local geology and seismology, can be 
reasonably expected to occur during the plant life. 
 
For the OBE loading condition, the nuclear steam supply system (NSSS) 
is designed to be capable of continued safe operation.  The design for 
the SSE is intended to assure: 
 

1. That the integrity of the reactor coolant pressure boundary 
is not compromised, 

 
2. That the capability to shut down the reactor and maintain it 

in a safe condition is not compromised, and 
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3. That the capability to prevent or mitigate the consequences 
of accidents which could result in potential offsite 
exposures comparable to the guideline exposures of 10 CFR 100 
is not compromised. 

 
The seismic requirements for safety-related instrumentation and 
electrical equipment are contained in Section 3.10.  The safety class 
definitions, classification lists, operating condition categories, and 
the methods used for seismic qualification of mechanical equipment are 
given in Section 3.2. 
 
3.7N.1  Seismic Input 
 
3.7N.1.1  Design Response Spectra 
 
Refer to Section 3.7B.1.1. 
 
3.7N.1.2  Design Time History 
 
Refer to Section 3.7B.1.2. 
 
3.7N.1.3  Critical Damping Values 
 
The damping values used in the analysis of Westinghouse equipment are 
given in Table 3.7N-1.  These damping values are consistent with 
Regulatory Guide 1.61 and WCAP-7921 AR (Westinghouse 1974a) which has 
been approved by the U.S. Nuclear Regulatory Commission. 
 
The damping values listed in Regulatory Guide 1.61 are acceptable to 
Westinghouse for plants using 3D seismic analysis.  Westinghouse uses 
one exception to the values.  A conservative value of 4 percent of 
critical for that of large piping systems faulted conditions is used 
instead of 3 percent of critical set forth in Regulatory Guide 1.61.  
The Westinghouse value of 4 percent has been justified by testing for 
the Westinghouse reactor coolant loop configuration in WCAP-8288 
Report (Westinghouse 1974b) and has been approved by the staff. 
 
Tests on fuel assembly bundles justified conservative component 
damping values.  Documentation of the fuel assembly tests is found in 
WCAP-7921-AR (Westinghouse 1974a). 
 
The damping values used in component analysis of control rod drive 
mechanisms (CRDMs) and their seismic supports were developed by 
testing programs performed by Westinghouse.  The test conducted was on 
a full size CRDM complete with rod position indicator coils, 
attachment to a simulated vessel head, and variable gap between the 
top of the pressure housing support plate and a rigid bumper 
representing the support. 
 
The program consisted of transient vibration tests in which the CRDM 
was deflected a specified initial amount and suddenly released.  A 
logarithmic decrement analysis of the decaying transient provides the 
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effective damping of the assembly.  The effect on damping of 
variations in the drive shaft axial position, upper seismic support 
clearance, and initial deflection amplitude was investigated. 
 
The upper support clearance had the largest effect on the CRDM damping 
with the damping increasing with increasing clearance.  With an upper 
clearance of 0.06 inches, the measured damping was approximately 8 
percent.  The clearances in a typical upper seismic CRDM support is a 
minimum of 0.10 inches.  The increasing damping with increasing 
clearances trend from the test results indicated that the damping 
would be greater than 8 percent for both the OBE and the SSE based on 
a comparison between typical deflections of the mechanisms in the 
test.  Component damping values of 5 percent are, therefore, 
conservative for both the OBE and the SSE. 
 
3.7N.1.4  Supporting Media for Seismic Category I Structures 
 
Refer to Section 3.7B.1.4. 
 
3.7N.2  Seismic System Analysis 
 
This section describes the methods of seismic analysis performed for 
safety-related components and systems within Westinghouse's scope. 
 
3.7N.2.1  Seismic Analysis Methods 
 
Those components and systems that must remain functional in the event 
of the SSE (Seismic Category I) are identified by applying the 
criteria of Section 3.2.1.  In general, the dynamic analyses are 
performed using a modal analysis with either the response spectrum 
analysis or integration of the uncoupled modal equations as described 
in Sections 3.7N.2.1.3 and 3.7N.2.1.4, respectively; or by direct 
integration of the coupled differential equations of motion described 
in Section 3.7N.2.1.5. 
 
3.7N.2.1.1  Dynamic Analysis - Mathematical Model 
 
The first step in any dynamic analysis is to model the structure or 
component (convert the real structure or component into a system of 
masses, springs, and dashpots suitable for mathematical analysis).  
The essence of this step is to select a model so that the 
displacements obtained will be a good representation of the motion of 
the structure or component.  Stated differently, the true inertia 
forces should not be altered so as to appreciably affect the internal 
stresses in the structure or component.  Some typical modeling 
techniques are presented in Lin (1974). 
 
 Equation of Motion 
 
Consider the multi-degree of freedom system shown on Figure 3.7N-1. 
Making a force balance on each mass point r, the equations of motion 
can be written in the form: 
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0=++ ΣΣ iri

i
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i

rr ukucym &&&&     (3.7N-1) 

 
where: 
 

mr = the value of the mass or mass moment of rotational 
inertia at mass point r 

 
&&yr  = absolute translational or angular acceleration of mass 

point r 
 
cri = damping coefficient - external force or moment required 

at mass point r to produce unit translational or angular 
velocity at mass point i, maintaining zero translational 
or angular velocity at all other mass points.  Force or 
moment is positive in the direction of positive 
translational or angular velocity 

 
&ur  = translational or angular velocity of mass point i 

relative to the base 
 
kri = stiffness coefficient - the external force (moment) 

required at mass point r to produce a unit deflection 
(rotation) at mass point i, maintaining zero 
displacement (rotation) at all other mass points.  Force 
(moment) is positive in the direction of positive 
displacement (rotation) 

 
ui = displacement (rotation) of mass point i relative to the 

base 
 
As an example, note that Figure 3.7N-1 does not attempt to show all of 
the springs (not any of the dashpots) which are represented in 
Equation 3.7N-1. 
 
Because: 
 

&& && &&y u yr r s= +       (3.7N-2) 
 
where: 
 

&&ys = absolute translational (angular) acceleration of the 
   base 
 

&&ur  = translational (angular) acceleration of mass point r 
   relative to the base 

 
Equation 3.7N-1 can be written as: 
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sriri
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rr ymukucum &&&&&& −=++ ΣΣ     (3.7N-3) 

 
For a single degree of freedom system with displacement u, mass m, 
damping c, and stiffness k, the corresponding equation of motion is: 
 
 

mu cu ku mys&& & &&+ + =       (3.7N-4) 
 
3.7N.2.1.2  Modal Analysis 
 
 Natural Frequencies and Mode Shapes 
 
The first step in the modal analysis method is to establish the normal 
modes, which were determined by eigen solution of Equation 3.7N-3.  
The right hand side and the damping term are set equal to zero for 
this purpose as illustrated in Biggs (1964).  Thus, Equation 3.7N-3 
becomes: 
 

}0{=+Σ iri

i

rr ukum &&      (3.7N-5) 

 
The equation given for each mass point r in Equation 3.7N-5 can be 
written as a system of equations in matrix form as: 
 

[ ] { } { } { }M K&&Δ Δ+ = 0       (3.7N-6) 

 
where: 
 
 [ ]M  = mass and rotational inertia matrix 

 
 { }Δ  = column matrix of the general displacement and rotation 

    at each mass point relative to the base 
 
 [ ]K  = square stiffness matrix 

 

 { }&&Δ  = column matrix of general translational and anqular 

    accelerations at each mass point relative to the base, 
    d

2
 [Δ]/dt2 

 
Harmonic motion is assumed and the [Δ] is expressed as: 
 
 { }Δ  = { }δ  sin ω t      (3.7N-7) 

 
where: 
 
 { }δ  = column matrix of the spatial displacement and rotationat 

each mass point relative to the base 
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 ω  = natural frequency of harmonic motion in radians per 
    second 
 
The displacement function and its second derivative are substituted 
into Equation 3.7N-6 and yield: 
 

 [ ] { } [ ] { }K Mδ ω δ= 2       (3.7N-8) 

 

The determinant [ ] [ ]K M−ω2  is set equal to zero and is then solved 

for the natural frequencies.  The associated mode shapes are then 
obtained from Equation 3.7N-8.  This yields n natural frequencies and 
mode shapes where n equals the number of dynamic degrees of freedom of 
the system.  The mode shapes are all orthogonal to each other and 
sometimes referred to as normal mode vibrations.  For a single degree 
of freedom system, the stiffness matrix and mass matrix are single 

terms and the determinant [ ] [ ]K M−ω2  when set equal to zero yields 

simply: 
 

k m− =ω2 0 
 
or 
 
          (3.7N-9) 

ω =
k
m

 

 
where ω  is the natural angular frequency in radians per second. 
 
The natural frequency in cycles per second is therefore: 
 

 f k
m

=
1

2π
       (3.7N-10) 

 
To find the mode shapes, the natural frequency corresponding to a 
particular mode, ωn  can be substituted in Equation 3.7N-8. 
 
 Modal Equations 
 
The response of a structure or component is always some combination of 
its normal modes.  Good accuracy can usually be obtained by using only 
the first few modes of vibration.  In the normal mode method, the mode 
shapes are used as principal coordinates to reduce the equations of 
motion to a set of uncoupled differential equations that describe the 
motion of each mode n.  These equations may be written as described by 
Biggs (1964): 
 

 && &A p A n A yn n n n n n s+ + = −2 2
ω ω Γ     (3.7N-11) 
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Where the modal displacement or rotation, An, is related to the 

displacement or rotation of mass point r in mode n, urn, by the 
equation: 
 
 urn An rn= φ         (3.7N-12) 

 
where : 
 
 ωn  = natural frequency of mode n in radians per second 
 
 pn = critical damping ratio of mode n 
 
 Γn  = modal participation factor of mode n given by: 
 

2

'

rnm

nrm

r

n

r

n

n

φ

φ

Σ

Σ
=Γ

       (3.7N-13) 

 
where : 
 

 φrn
'  = value of φrn  in the direction of the earthquake 

 
 φrn  = mode shape for mode n with degree of freedom r 
 
The essence of the modal analysis lies in the fact that Equation 3.7N-
11 is analogous to the equation of motion for a single degree of 
freedom system that will be developed from Equation 3.7N-4.  Dividing 
Equation 3.7N-4 by m gives: 
 

&& &u c
m

u k
m

u ys+ + =       (3.7N-14) 

 
The critical damping ratio of the single degree of freedom system, p, 
is defined by the equation: 
 

 p c
cc

=         (3.7N-15) 

 
where the critical damping coefficient is given by the expression: 
 

c mc = 2 ω         (3.7N-16) 
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Substituting Equation 3.7N-16 into Equation 3.7N-15 and solving for 
c/m gives: 
 

c
m

p= 2ω         (3.7N-17) 

 
Substituting this expression and the expression for k/m given by 
Equation 3.7N-9 into Equation 3.7N-14 gives: 
 

&& &u pu u ys+ + = −2 2ω ω       (3.7N-18) 
 
Note the similarity of Equations 3.7N-11 and 3.7N-18.  Thus, each mode 
may be analyzed as though it were a single degree of freedom system 
and all modes are independent of each other.  By this method a 
fraction of critical damping (that is, c/cc) may be assigned to each 
mode, and it is not necessary to identify or evaluate individual 
damping coefficients, (that is, c).  However, assigning only a single 
damping ratio to each mode has a drawback.  There are three ways used 
to overcome this limitation when considering a slightly damped 
structure (such as steel) supported by a massive moderately damped 
structure (such as concrete). 
 
There are several methods which can be used to incorporate damping in 
a structural system.  The first method is to develop and analyze 
separate mathematical models for both structures using their 
respective damping values.  The massive moderately damped support 
structure is analyzed first.  The calculated response at the support 
points for the slightly damped structures is used as a forcing 
function for the subsequent detailed analysis.  The second method is 
to inspect the mode shapes to determine which modes correspond to the 
slightly damped structure and then use the damping associated with the 
slightly damped structure having predominant motion.  The third method 
is to use the Rayleigh damping method based on computed modal energy 
distribution. 
 
3.7N.2.l.3  Response Spectrum Analysis 
 
The response spectrum is a plot showing the variation in the maximum 
response (Thomas et al 1963) (displacement, velocity, and 
acceleration) of a single degree of freedom system versus its natural 
frequency of vibration when subjected to a time history motion at its 
base. 
 
The response spectrum concept can be best explained by outlining the 
steps involved in developing a spectrum curve.  Determination of a 
single point on the curve requires that response (displacement, 
velocity, and acceleration) of a single degree of freedom system with 
a given damping and natural frequency be calculated for a given base 
motion. 
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The variations in response are established and the maximum absolute 
value of each is plotted as an ordinate with natural frequency used as 
the abscissa.  The process is repeated for other assumed values of 
frequency in sufficient detail to establish the complete curve.  Other 
curves corresponding to different fractions of critical damping are 
obtained in a similar fashion.  Thus, the determination of each point 
of the curve requires a complete dynamic response analysis, and the 
determination of a complete spectrum may be used to analyze each 
structure and component with the base motion.  The spectral 
acceleration, veloctiy, and displacement are related by the equation: 
 

 s S Sa
n

n vn n d
n

= =ω ω 2      (3.7N-19) 

 
There are two types of response spectra that must be considered.  If a 
given building is shown to be rigid and to have a hard foundation, the 
ground response spectrum or ground time history is used.  It is 
referred to as a ground response spectrum.  If the building is 
flexible and/or has a soft foundation, the ground response spectrum is 
modified to include these effects.  The response spectrum at various 
support points must be developed.  These are called floor response 
spectra. 
 
3.7N.2.1.4  Integration of Modal Equations 
 
This method can be separated into the following two basic parts: 
 

1. Integration procedure for the uncoupled modal Equation 3.7N-
11 to obtain the modal displacements and accelerations as a 
function of time. 

 
2. Using these modal displacements and accelerations to obtain 

the total displacements, accelerations, forces, and stresses. 
 
 Integration Procedure 
 
Integration of these uncoupled modal equations is done by step-by-step 
numerical integration.  The step-by-step numerical integration 
procedure consists of selecting a suitable time interval, Δt, and 
calculating modal acceleration, &&An, modal velocity, &An , and modal 

displacement, An, at discrete time stations Δt apart, starting at t = 0 
and continuing through the range of interest for a given time history 
of base acceleration. 
 
 Total Displacements, Accelerations, Forces, and Stresses 
 
From the modal displacements and accelerations, the total 
displacements, accelerations, forces, and stresses can be determined 
as follows: 
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1. Displacement of mass point r in mode n as a function of time 
is given by Equation 3.7N-12 as: 

 
u Arn n rn= φ       (3.7N-20) 

 
 
 with the corresponding acceleration of mass point r in mode n 

as: 
 

&& &&u Arn n rn= φ       (3.7N-21) 
 
2. The displacement and acceleration values obtained for the 

various modes are superimposed algebraically to give the 
total displacement and acceleration at each time interval. 

 
3. The total acceleration at each time interval is multiplied by 

the mass to give an equivalent static force.  Stresses are 
calculated by applying these forces to the model or from 
applying the deflections at each time interval. 

 
3.7N.2.1.5  Integration of Coupled Equations of Motion 
 
The dynamic transient analysis is a time history solution of the 
response of a given structure to know forces and/or displacement 
forcing functions.  The structure may include linear or nonlinear 
elements, gaps, interfaces, plastic elements, and viscous and Coulomb 
dampers.  Nodal displacements, nodal forces, pressure, and/or 
temperatures may be considered as forcing functions.  Nodal 
displacements and elemental stresses for the complete structure are 
calculated as functions of time. 
 
The basic equations for the dynamic analysis are as follows: 
 

{ } { } { } ( ){ }M x C x K x F t&& &+ + =    (3.7N-22) 

 

where the terms are as defined earlier and ( ){ }F t  may include the 

effects of applied displacements, forces, pressures, temperature, on 
nonlinear effects such as plasticity and dynamic elements with gaps.  
Options of translational accelerations input to a structural system 
and the inclusion of static deformation and/or preload may be 
considered in nonlinear dynamic transient analysis.  The option of 
translational input such as uniform base motion to a structural system 
is considered by introducing an inertia force term of - { }M z&&  to the 

right hand side of the basic Equation 3.7N-22, that is, 
 

{ } { } { } { } { }M x C x K x F M z&& & &&+ + = −   (3.7N-23) 

 
The vector { }&&z  is defined by its components &&zi  where i refers to each 
degree of freedom of the system.  If the i-th degree of freedom is 
aligned with the direction of the system translational acceleration 
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&&a1, &&a2 , or &&a3, respectively, &&z is equal to &&a1, &&a2 , 0 3&&a .  If the i-th 

degree of freedom is not aligned with any direction of the system 
translational acceleration, &&zi = 0 .  Typical application of this option 
is a structural system subjected to a seismic excitation of a given 
ground acceleration record.  The displacement {x} obtained from the 
solution of Equation 3.7N-23 is the displacement relative to the 
ground. 
 
The option of the inclusion of initial static deformation or preload 
in a nonlinear transient dynamic structural analysis is considered by 
solving the static problem prior to the dynamic analysis.  At each 
state of integration in transient analysis, the portion of internal 
forces due to static deformation is always balanced by the portion of 
the forces which are statically applied.  Hence, only the portion of 
the forces which deviate from the static loads will produce dynamic 
effects.  The output of this analysis is the total result due to 
static and dynamic applied loads. 
 
One available method for the numerical integration of Equations 3.7N-
22 and 3.7N-23 is the Newmark Beta integration scheme proposed by Chan 
(et al 1962).  In this integration scheme, Equations 3.7N-22 and 3.7N-
23 are replaced by: 
 

( )
[ ] { } ( ) { } [ ]1 2 1

22 2 1 2
Δ Δt

M x x x
t

x x Cn n n n n+ + +− + + −  

 

   [ ] ( ){ }+ + − ++ +K x x xn n nβ β β2 11 2   (3.7N-24) 

 

   ( ){ }= + − ++ +β β βF F Fn n n2 11 2  

 
 
where: 
 
 n, n+l, n+2 = past, present, and future (updated) 
     values of the variables 
 
 β   = parameter to be selected on the basis of 
     numerical stability and accuracy 
 
 F  = the total right hand side of the equation 
     of motion (Equation 3.7N-22 or 3.7N-23) 
 



 BVPS-2 UFSAR Rev. 0 
 
 

3.7-57 

Δt = + − + = + −tn 2 tn 1 tn 1 tn  
 
 
The value of β is chosen equal to 1/3 in order to provide a margin of 
numerical stability for nonlinear problems.  Since the numerical 
stability of Equation 3.7N-24 is mostly determined by the left hand 
side terms of that equation, the right hand side terms were replaced 
by Fn+2.  Furthermore, since the time increment may vary between two 
successive time substeps.  Equation 3.7N-24 may be modified as 
follows: 
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[ ] [ ] [ ]1

3 2 1 2K xn xn xn Fn+ + + + = +  

 
By factoring xn+2, Xn+l, and Xn, and rearranging terms, Equation 3.7N-25 
is obtained as follows: 
 

[ ] [ ][ ] [ ] [ ]C M C C K Xn Fn5 3 1 3 2 2+ + + = +( / )  

 

[ ] [ ][ ] [ ]+ − +C M K Xn7 1 3 1( / )      (3.7N-26) 

 

[ ] [ ] [ ][ ] [ ]+ − + −C M C C K xn2 3 1 3( / )  

 
where: 
 

 C2 = 
2

1 1Δ Δ Δt t t( )+
 

 

 C3 = 
1

1Δ Δt t+
 

 

 C5 = 
2

1Δ Δ Δt t t( )+
 

 
 C7 = C2  +  C5 
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The preceding set of simultaneous linear equations is solved to obtain 
the present values of nodal displacements {xt} in terms of the previous 
(known) values of the nodal displacements.  Since M , C , and K are 
included in the equation, they can also be time or displacement 
dependent. 
 
3.7N.2.2  Natural Frequencies and Response Loads 
 
Refer to Section 3.7B.2.2. 
 
3.7N.2.3  Procedures Used for Modeling 
 
Procedures used for modeling are discussed in Section 3.7N.2.1.1. 
 
3.7N.2.4  Soil/Structure Interaction 
 
Refer to Section 3.7B.2.4. 
 
3.7N2.5  Development of Floor Response Spectra 
 
Refer to Section 3.7B.2.5. 
 
3.7N.2.6  Three Components of Earthquake Motion 
 
The seismic design of the NSSS equipment includes the effect of the 
seismic response of the supports, equipment, structures and 
components.  Floor response spectra are generated for two 
perpendicular horizontal directions (N-S, E-W) and the vertical 
direction.  The equipment response is determined using horizontal and 
vertical umbrella spectra, which envelop the appropriate floor 
response spectra.  The damping values used in the analysis are those 
given in Table 3.7N-1. 
 
The modal responses are determined by taking the absolute sum of the 
horizontal response and the vertical response utilizing the modal 
participation factors and mode shapes.  The total seismic response is 
then obtained by combining the individual modal responses using the 
square root of the sum of the squares (SRSS) method endorsed by 
Regulatory Guide 1.92. 
 
3.7N.2.7  Combination of Modal Response 
 
The total unidirectional seismic response is obtained by combining the 
individual modal responses, utilizing the SRSS method.  For systems 
having modes with closely-spaced frequencies, this method is modified 
to include the possible effect of these modes.  The groups of closely 
spaced modes are chosen so that the difference between the frequencies 
of the first mode and the last mode in the group does not exceed 10 
percent of the lower frequency.  Groups are formed, starting from the 
lowest frequency and working toward successively higher frequencies.  
No one frequency is in more than one group.  Combined total response 
for systems which have such closely-spaced 
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modal frequencies is obtained by adding to the SRSS of all modes the 
product of the responses of the modes in each of closely-spaced modes 
and a coupling factor ε.  This can be represented mathematically as: 
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where: 
 
 RT = total unidirectional response, 
 
 Ri = absolute value of response of mode i, 
 
 N = total number of modes considered, 
 
 S = number of groups of closely-spaced modes, 
 
 Mj = lowest modal number associated with group j 
    of closely-spaced modes, and 
 
 Nj = highest modal number associated with group 
    j of closely-spaced modes. 
 
 εKl  = coupling factors with: 
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where: 
 
 ωK = frequency of closely-spaced mode K 

 
 βK = fraction of critical damping in closely-spaced mode K 
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 td = duration of the earthquake 
 
 
An example of this equation applied to a system can be supplied with 
the following considerations.  Assume that the predominant 
contributing modes have frequencies as follows: 
 
 Mode  1 2 3 4 5 6 7 8 
 
 Frequency 5.0 8.0 8.3 8.6 11.0 15.5 16.0 20 
 
There are two groups of closely-spaced modes, namely with modes {2, 3, 
4} and {6, 7}.  Therefore: 
 
 S = 2 number of groups of closely spaced modes, 
 
 M1 = 2 lowest modal number associated with group 1, 
 
 N1 = 4 highest modal number associated with group 1, 
 
 M2 = 6 lowest modal number associated with group 2, 
 
 N2 = 7 highest modal number associated with group 2, and 
 
 N = 8 total number of modes considered. 
 
The total response for this system is, as derived from the expansion 
of Equation 3.7N-29: 
 

RT R R R R2
1
2

2
2

3
2

8
2= + + + +. . . .  

 
+ +2 2 3 2 3 2 2 4 2 4R R R Rε ε  

          (3.7N-28) 
 

+ +2 3 4 3 4 2 6 7 6 7R R R Rε ε  

 
 
3.7N.2.8  Interaction of Non-Category I Structures with Seismic 
Category I Structures 
 
Refer to Section 3.7B.2.8. 
 
3.7N.2.9  Effects of Parameter Variations on Floor Response Spectra 
 
Refer to Section 3.7B.2.9. 
 
3.7N.2.10  Use of Constant Vertical Static Factors 
 
Constant vertical static factors are not used because the vertical 
floor response load for the seismic design of safety class systems 
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and components within Westinghouse's scope of responsibility is used.  
All such systems and components are rigorously analyzed in vertical 
direction. 
 
3.7N.2.11  Methods Used to Account for Torsional Effects 
 
Refer to Section 3.7B.2.11. 
 
3.7N.2.12  Comparison of Responses 
 
Refer to Section 3.7B.2.12. 
 
3.7N.2.13  Methods for Seismic Analysis of Dams 
 
Refer to Section 3.7B.2.13. 
 
3.7N.2.14  Determination of Seismic Category I Structure Overturning 
Moments 
 
Refer to Section 3.7B.2.14. 
 
3.7N.2.15  Analysis Procedure for Damping 
 
The damping values and procedures used for Westinghouse's scope of 
supply and analysis are discussed in Sections 3.7N.1.3 and 3.7N.2.1. 
 
3.7N.3  Seismic Subsystem Analysis 
 
3.7N.3.1  Seismic Analysis Methods 
 
Seismic analysis methods for subsystems within Westinghouse's scope of 
responsibility are given Section 3.7N.2.1. 
 
3.7N.3.2  Determination of Number of Earthquake Cycles 
 
Where fatigue analyses of mechanical systems and components are 
required, Westinghouse specifies in the equipment specification the 
number of cycles of the OBE to be considered.  The number of cycles 
for NSSS components is given in Table 3.9N-1.  The fatigue analyses 
are performed and presented as part of the stress report. 
 
3.7N.3.3  Procedure Used for Modeling 
 
Section 3.7N.2.1 discusses modeling procedures for subsystems in 
Westinghouse's scope of responsibility. 
 
3.7N.3.4  Basis for Selection of Frequencies 
 
The analysis of equipment subjected to seismic loading involves 
several basic steps, the first of which is the establishment of the 
intensity of the seismic loading.  Considering that the seismic input 
originates at the point of support, the response of the equipment, 
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and its associated supports based upon the mass and stiffness 
characteristics of the system will determine the seismic accelerations 
which the equipment must withstand. 
 
Three ranges of equipment/support behavior which affect the magnitude 
of the seismic acceleration are possible: 
 

1. If the equipment is rigid relative to the structure, the 
maximum acceleration of the equipment mass approaches that of 
the structure at the point of equipment support.  Equipment 
and their support systems are considered rigid if their 
natural frequencies are greater than 33 Hz.  The equipment 
acceleration value in this case corresponds to the high 
frequency region of the floor response spectra. 

 
2. If the equipment is very flexible relative to the structure, 

the equipment will show very little response. 
 
3. If the frequencies of the equipment and supporting structure 

are nearly equal, resonance may occur and must be taken into 
account. 

 
In all cases, equipment under earthquake loadings is designed to be 
within ASME III Code. 
 
3.7N.3.5  Use of Equivalent Static Load Method of Analysis 
 
The static load equivalent or static analysis method involves the 
multiplication of the total weight of the equipment or component 
member by the specified seismic acceleration coefficient.  The 
magnitude of the seismic acceleration coefficient is established on 
the basis of the expected dynamic response characteristics of the 
component.  Components which can be adequately characterized as single 
degree of freedom systems are considered to have a modal participation 
factor of one.  Seismic acceleration coefficients for multi-degree of 
freedom systems which may be in the resonance region of the amplified 
response spectra curves are increased by 50 percent to account 
conservatively for the increased modal participation. 
 
3.7N.3.6  Three Components of Earthquake Motion 
 
Methods used to account for the horizontal and vertical components of 
earthquake motion for subsystems in Westinghouse's scope of 
responsibility are given in Section 3.7N.2.6. 
 
3.7N.3.7  Combination of Modal Responses 
 
Methods used to combine modal responses for subsystems in 
Westinghouse's scope of responsibility are given in Section 3.7N.2.7. 
 
3.7N.3.8  Analytical Procedures for Piping 
 
Refer to Section 3.7B.3.8. 
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3.7N.3.9  Multiply Supported Equipment Components with Distinct Inputs 
 
When response spectrum methods are used to evaluate reactor coolant 
system (RCS) primary components interconnected between floors, the 
following procedures are used.  There are no components in the 
Westinghouse’s scope of analysis which are connected between 
buildings.  The primary components of the RCS are supported at no more 
than two floor elevations. 
 
A dynamic response spectrum analysis is first made assuming no 
relative displacement between support points.  The response spectra 
used in this analysis are the umbrella of the floor response spectra. 
 
Secondly, the effect of differential seismic movement of components 
interconnected between floors is considered statically in the detailed 
component analysis.  The results of the building analysis are reviewed 
on a mode-by-mode basis to determine the differential motion in each 
mode.  The differential motion will be evaluated as a free end 
displacement, since, in accordance with Section III of the ASME Code, 
paragraph NB-3213.19, examples of a free end displacement are motions 
"that would occur because of relative thermal expansion of piping, 
equipment, and equipment supports, or because of rotations imposed 
upon the equipment by sources other than the piping.”  The effect of 
the differential motion is to impose a rotation on the component from 
the building.  This motion, then, being a free end displacement and 
being similar to thermal expansion loads, will cause stresses which 
will be evaluated with ASME Code methods including the rules of NB-
3227.5 used for stresses or originating from restrained free end 
displacements. 
 
The results of these two steps, the dynamic inertia analysis and the 
static differential motion analysis, are combined absolutely with due 
consideration for the ASME classification of the stresses. 
 
3.7N.3.10  Use of Constant Vertical Static Factors 
 
Constant vertical load factors are not used as the vertical floor 
response load for the seismic design of safety-related components and 
equipment within Westinghouse's scope of responsibility. 
 
3.7N.3.11  Torsional Effects of Eccentric Masses 
 
Refer to Section 3.7B.3.11. 
 
3.7N.3.12  Buried Seismic Category I Piping Systems 
 
Refer to Section 3.7B.3.12. 
 
3.7N.3.13  Interaction of Other Piping with Seismic Category I Piping 
 
Refer to Section 3.7B.3.13. 
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3.7N.3.14  Seismic Analyses of Reactor Internals 
 
Fuel assembly component stresses induced by horizontal seismic 
disturbances are analyzed through the use of finite element computer 
modeling. 
 
The time history floor response based on a standard seismic time 
history normalized to SSE levels is used as the seismic input.  The 
reactor internals and the fuel assemblies are modeled as spring and 
lumped mass systems or beam elements.  The component seismic response 
of the fuel assembles is analyzed to determine design adequacy.  A 
detailed discussion of the analyses performed for fuel assemblies is 
contained in WCAP 8236 (Westinghouse 1974b and Lin 1974). 
 
Fuel assembly lateral structural damping obtained experimentally is 
presented on Figure B-4 of WCAP 8288 (Westinghouse 1974b).   The 
distribution of fuel assembly amplitudes decreases as one approaches 
the center of the core.  Fuel assembly displacement time history for 
the SSE seismic input is contained in WCAP 8236 (Westinghouse 1974b).  
The data indicate that no damping values less than 10 percent were 
obtained for fuel assembly displacements greater than 0.11 inch. 
 
The CRDMS are seismically analyzed to confirm that system stresses 
under the combined loading conditions as described in Section 3.9N.1 
do not exceed allowable levels as defined by the ASME Code, Section 
III for upset and faulted conditions.  The CRDM is mathematically 
modeled as a system of lumped and distributed masses.  The model is 
analyzed under appropriate seismic excitation and the resultant 
seismic bending moments along the length of the CRDM are calculated.  
The corresponding stresses are then combined, with the stresses from 
the other loadings required and the combination is shown to meet ASME 
Code, Section III requirements. 
 
3.7N.3.15  Analysis Procedure for Damping 
 
Analysis procedures for damping for subsystems in Westinghouse’s scope 
of responsibility are given in Sections 3.7N.1.3 and 3.7N.2.1. 
 
3.7N.4  Seismic Instrumentation 
 
Refer to Section 3.7B.4. 
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TABLE 3.7B-1 
 

DAMPING VALUES 
 

(Percent of Critical Damping) 
 
 

Structure or 
  Component   

1/2 Safe Shutdown 
    Earthquake    

Safe Shutdown 
  Earthquake   

   
Piping and piping 
components (except as 
listed below) 
 

0.5 1.0 

 For stress 
reconciliation or 
support optimization 
of piping only 

 

* * 

Reinforced concrete 
structures 
 

2.0 7.0 

Bolted steel structures 
 

4.0 7.0 

Welded steel structures 
 

2.0 4.0 

Cable tray and conduit 
systems 
 

4.0 8.0 

Soil 
 

10.0 10.0 

 
 

NOTE: 
 
*ASME III Code Case N-411 for both 1/2 SSE and SSE. 
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TABLE 3.7B-2 
 

FOUNDATION INFORMATION AND STRUCTURAL DIMENSIONS 
FOR SEISMIC CATEGORY 1 STRUCTURES 

 
 
 
 
 

Category I Structure 

 
Foundation 
Embedment 

Depth 
     (ft)*      

 
Structure 
Founding 
Elevation 
   (ft)**    

Approximate 
Depth 

of Soil over 
Bedrock 

    (ft)***    

Approximate 
Dimensions of 

Foundation 
Area 

       (ft)        

 
Total 

Structural 
Height 

   (ft)****   

 
 
 

Founding 
Conditions 

Auxiliary building 32 703 83 120 x 146 95.25 In situ soil 
 

Cable tunnels 4-25.5 varies 709.5 to 
731 

 

89.5-111 Width varies 7 to 21 - Select granular fill 

Control room extension 32 703 83 81 x 65 48.9 Select granular fill 
 

Demineralized water tank 5 730 110 40 x 38 59 Select granular fill 
 

Diesel generator building 22 713 93 81 x 83 76 Select granular fill 
 

Emergency outfall 
structure 
 

21 714 35***** 25 x 30 26 In situ soil 

Fuel building 11.5-17.7 717.3 & 723.5 97.3-103.5 110 x 44 75.9-94.7 Select granular fill 
 

Main intake structure 38 637 17 88 x 84 125 In situ soil 
 

Main steam and cable 
Vault 
 

0-9.5 712.5 92.5 135 x 90 84.75 Select granular fill 

Reactor containment 54.1 680.9 60.9 142 dia 195.6 In situ soil 
 

Refueling water storage 
tank 
 

5 730.5 110 57 x 58 74.0 Select granular fill 

Safeguards area 20.5 714.5 94.5 96 x 60 43.5 Select granular fill 
 

Service building 6.5-22.5 725.5 105.5 55 x 186 64.25 Select granular fill 
 

Valve pit 18.8 716.2 96.2 35 x 23 18.8 In situ soil 
NOTES: 
 
    * If the structure is surrounded by adjacent structures only, the range of embedment depth is given; otherwise the embedment from the plant 

grade near the structure is given. 
   ** Mean sea level (msl). 
  *** Elevation of bedrock is approximately 620 in main plant area. 
 **** Total height from the foundation to the roof. 
***** Elevation of bedrock is approximately 679. 
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TABLE 3.7B-3 
 

METHODS OF SEISMIC ANALYSIS USED FOR 
SEISMIC CATEGORY I STRUCTURES 

 
 
 
 

Structure 

Response 
Spectrum 
Analysis 

Modal 
Time History 
  Analysis   

   
Reactor Containment and Internals 
 

X X 

Cable Vault and Main Steam Valve 
Area 
 

X X 

Cable Tunnel 
 

X X 

Pipe Tunnel 
 

X  

Safeguards Area 
 

X X 

Auxiliary Building 
 

X X 

Fuel and Decontamination Building 
 

X X 

Control Room Extension 
 

X X 

Service Building 
 

X X 

Diesel Generator Building 
 

X X 

Service Water Valve Pit 
 

X X 

Refueling Water Storage and 
Chemical Addition Tanks 
 

X X 

Primary Plant Demineralizer Water 
Storage Tank and Enclosure 
 

X X 

Primary Intake Structure (Analyzed 
for BVPS-1) 
 

X  
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TABLE 3.7B-4 
 

CONTAINMENT AND INTERNAL STRUCTURES 
REPRESENTATIVE MODAL FREQUENCIES AND PARTICIPATION FACTORS 

UNCRACKED MODEL, MEDIAN SOIL, SAFE SHUTDOWN EARTHQUAKE 
 
 

      Participation Factors    
 
Mode 

Frequency 
   (Hz)   

Horizontal 
Earthquake 

Vertical 
Earthquake 

    
1* 1.496 461.23 -1.14 

 
2* 2.656 1.78 368.09 

 
3* 3.679 -289.71 -0.26 

 
4* 5.004 87.49 -2.40 

 
5  11.096 4.61 -0.28 

 
6  12.702 3.43 -2.19 

 
7  13.692 12.08 1.31 

 
8  17.189 -11.07 0.36 

 
 

NOTE: 
 
* For plots of mode shapes 1 through 4, refer to Figures 3.7B-12, 
3.7B-13, 3.7B-14 and 3.7B-15. 
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TABLE 3.7B-5 
 

CONTAINMENT AND INTERNAL STRUCTURES 
REPRESENTATIVE MODAL FREQUENCIES AND PARTICIPATION FACTORS 

CRACKED MODEL, MEDIAN SOIL, SAFE SHUTDOWN EARTHQUAKE 
 
 

      Participation Factors      
 

Mode 
Frequency 
   (Hz)   

Horizontal 
Earthquake 

Vertical 
Earthquake 

    
1 1.354 422.27 1.19 

 
2 2.515 -1.33 -544.70 

 
3 2.905 -305.77 5.01 

 
4 4.553 178.07 0.23 

 
5 5.753 3.78 87.97 

 
6 6.401 27.50 -1.78 

 
7 10.017 -8.18 -0.23 

 
8 10.545 -7.17 -6.39 
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TABLE 3.7B-6 
 

CONTAINMENT AND INTERNAL STRUCTURES 
REPRESENTATIVE MODE SHAPES (EIGENVECTORS) 

 UNCRACKED MODEL, MEDIAN SOIL 
 
 

  Displacement 
Mode Mass No.   X     Y   

    
1 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1.0 
0.796 
0.676 
0.559 
0.437 
0.337 
0.103 
0.102 
0.334 
0.435 
0.577 
0.698 
0.816 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
 

2 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-1.0 
-0.979 
-0.979 
-0.973 
-0.963 
-0.957 
-0.947 
-0.936 
-0.968 
-0.973 
-0.973 
-0.979 
-0.979 

 
3 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1.0 
0.486 
0.223 

-0.040 
-0.295 
-0.498 
-0.658 
-0.809 
-0.727 
-0.615 
-0.451 
-0.312 
-0.167 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 3.7B-6 (Cont.) 
 
 

  Displacement 
Mode Mass No.   X     Y   

    
4 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0.356 
0.318 
0.316 
0.308 
0.291 
0.275 
0.261 
0.235 

-0.177 
-0.372 
-0.542 
-0.787 
-1.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
 

5 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-1.0 
-0.357 
-0.571 
-0.651 
-0.581 
-0.408 
-0.216 
0.078 
0.558 
0.340 
0.021 

-0.350 
-0.698 

0.057 
0.037 
0.034 
0.030 
0.024 
0.019 
0.014 
0.006 

-0.048 
-0.032 
-0.039 
-0.048 
-0.011 

 
6 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0.209 
-0.068 
-0.081 
-0.070 
-0.036 
0.004 
0.038 
0.072 

-0.092 
-0.072 
0.002 
0.094 
0.162 

-1.0 
-0.544 
-0.473 
-0.380 
-0.269 
-0.164 
-0.073 
0.059 
0.399 
0.453 
0.501 
0.541 
0.547 
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TABLE 3.7B-6 (Cont.) 
 
 

  Displacement 
Mode Mass No.   X     Y   

    
7 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0.571 
-0.259 
-0.265 
-0.172 
-0.028 
0.107 
0.203 
0.267 

-0.453 
-0.341 
0.026 
0.575 
1.0 

0.251 
0.117 
0.109 
0.073 
0.044 
0.017 

-0.006 
-0.037 
-0.056 
-0.090 
-0.089 
-0.081 
-0.126 

 
8 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0.956 
0.547 
0.650 
0.452 
0.026 

-0.375 
-0.646 
-1.0 
0.505 
0.349 
0.361 
0.276 
0.078 

0.123 
0.020 
0.008 

-0.005 
-0.018 
-0.027 
-0.034 
-0.041 
-0.009 
0.004 
0.028 
0.040 
0.071 
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TABLE 3.7B-7 
 

CONTAINMENT AND INTERNAL STRUCTURES 
REPRESENTATIVE MODE SHAPES (NORMALIZED EIGENVECTORS) 
 CRACKED MODEL, MEDIAN SOIL, SAFE SHUTDOWN EARTHQUAKE 

 
 

       Displacement      
Mode Mass No. X Y 

    
1 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1.0 
0.717 
0.582 
0.451 
0.328 
0.234 
0.166 
0.101 
0.215 
0.284 
0.379 
0.459 
0.538 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
 

2 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.0 
0.926 
0.896 
0.852 
0.794 
0.733 
0.677 
0.634 
0.653 
0.655 
0.658 
0.660 
0.660 
 

3 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1.0 
0.304 
0.069 

-0.136 
-0.299 
-0.392 
-0.434 
-0.444 
-0.585 
-0.648 
-0.730 
-0.801 
-0.864 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
 

4 1 -0.200 -0.024 
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TABLE 3.7B-7 (Cont.) 
 

       Displacement      
Mode Mass No. X Y 

    
 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0.147 
-0.188 
-0.230 
-0.278 
-0.326 
-0.377 
-0.435 
-0.106 
0.123 
0.444 
0.730 
1.0 

-0.018 
-0.016 
-0.013 
-0.009 
-0.005 
-0.002 
-0.000 
0.027 
0.009 
0.012 
0.014 

-0.018 
 

5 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0.0215 
0.0043 
0.0039 
0.0018 

-0.0019 
-0.0064 
-0.0108 
-0.0157 
0.0000 
0.0059 
0.0123 
0.0188 
0.0261 

1.0 
0.616 
0.483 
0.309 
0.108 

-0.069 
-0.214 
-0.310 
-0.365 
-0.375 
-0.382 
-0.387 
-0.390 

 
6 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1.0 
-0.754 
-0.778 
-0.662 
-0.435 
-0.199 
-0.013 
0.170 
0.258 
0.253 
0.233 
0.214 
0.185 

0.021 
0.011 
0.007 
0.003 

-0.000 
-0.004 
-0.007 
-0.009 
-0.006 
-0.004 
-0.002 
-0.001 
0.002 
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TABLE 3.7B-7 (Cont.) 
 

       Displacement      
Mode Mass No. X Y 

    
7 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1.0 
-0.647 
-0.036 
0.433 
0.997 
0.464 
0.220 

-0.142 
-0.453 
-0.342 
-0.103 
0.163 
0.419 

0.011 
-0.005 
-0.012 
-0.016 
-0.016 
-0.012 
-0.007 
-0.003 
0.018 
0.003 
0.004 
0.007 

-0.022 
 

8 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0.011 
0.012 
0.004 

-0.001 
-0.003 
-0.001 
0.002 
0.006 

-0.008 
-0.006 
-0.000 
0.005 
0.008 

1.0 
-0.290 
-0.512 
-0.588 
-0.496 
-0.297 
-0.090 
0.064 
0.145 
0.158 
0.169 
0.177 
0.180 
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TABLE 3.7B-8 
 

CONTAINMENT AND INTERNAL STRUCTURES SRSS ACCELERATIONS 
AND DISPLACEMENTS FOR SAFE SHUTDOWN EARTHQUAKE 

UNCRACKED MODEL, MEDIAN SOIL, RESPONSE SPECTRUM ANALYSIS 
 

 Acceleration** Displacements*** 
Degree of 
Freedom* 

Horizontal 
Earthquake 

Vertical 
Earthquake 

Horizontal 
Earthquake 

Vertical 
Earthquake 

   
 1 0.415 0.279x10-2 0.137 0.427x10-3 

 
 2 0.372x10-2 0.180 0.137x10-3 0.0208 

 
 3 0.256x10-2 0.166x10-4 0.655x10-3 0.19x10-5 

 
 4 0.313 0.225x10-2 0.109 0.343x10-3 

 
 5 0.228x10-2 0.177 0.133x10-3 0.0204 

 
 6 0.237x10-2 0.104x10-4 0.630x10-3 0.17x10-5 

 
 7 0.260 0.205x10-2 0.093 0.296x10-3 

 
 8 0.209x10-2 0.176 0.133x10-3 0.0203 

 
 9 0.235x10-2 0.106x10-4 0.627x10-3 0.17x10-5 

 
10 0.213 0.182x10-2 0.076 0.249x10-3 

 
11 0.187x10-2 0.175 0.132x10-3 0.0202 

 
12 0.230x10-2 0.107x10-4 0.621x10-3 0.17x10-5 

 
13 0.176 0.158x10-2 0.060 0.202x10-3 

 
14 0.164x10-2 0.174 0.131x10-3 0.0201 

 
15 0.224x10-2 0.108x10-4 0.611x10-3 0.17x10-5 

 
16 0.156 0.139x10-2 0.046 0.162x10-3 

 
17 0.148x10-2 0.172 0.130x10-3 0.0199 

 
18 0.218x10-2 0.110x10-4 0.600x10-3 0.16x10-5 

 
19 0.150 0.125x10-2 0.035 0.130x10-3 

 
20 0.140x10-2 0.171 0.129x10-3 0.0197 

 
21 0.212x10-2 0.113x10-4 0.589x10-3 0.16x10-5 

 
22 0.154 0.108x10-2 0.024 0.954x10-4 

 
23 0.138x10-2 0.168 0.127x10-3 0.0195 

 
24 0.202x10-2 0.118x10-4 0.571x10-3 0.15x10-5 

 
25 0.176 0.779x10-3 0.046 0.122x10-3 

 
26 0.473x10-2 0.174 0.133x10-2 0.0201 

 
27 0.217x10-2 0.396x10-4 0.627x10-3 0.39x10-5 

 
28 0.198 0.110x10-2 0.060 0.153x10-3 

 
29 0.186x10-2 0.175 0.246x10-3 0.0202 
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TABLE 3.7B-8 (Cont) 
 

 Acceleration** Displacements*** 
Degree of 
Freedom* 

Horizontal 
Earthquake 

Vertical 
Earthquake 

Horizontal 
Earthquake 

Vertical 
Earthquake 

30 0.221x10-2 
 

0.372x10-4 0.632x10-3 0.34x10-5 
 

31 0.240 0.230x10-2 0.079 0.250x10-3 
 

32 0.220x10-2 0.176 0.289x10-3 0.0203 
 

33 0.224x10-2 0.402x10-4 0.637x10-3 0.35x10-5 
 

34 0.285 0.349x10-2 0.096 0.347x10-3 
 

35 0.244x10-2 0.176 0.314x10-3 0.0204 
 

36 0.226x10-2 0.426x10-4 0.639x10-3 0.35x10-5 
 

37 0.332 0.458x10-2 0.112 0.434x10-3 
 

38 0.684x10-2 0.180 0.179x10-2 0.0204 
 

39 0.226x10-2 0.107x10-3 0.64x10-3 0.35x10-5 
 
 

NOTES: 
 
  * Degrees of freedom corresponding to x- and y- direction translation and rotation about the z 

axis are identified in Table 3.7B-10. 
 ** Tabulated accelerations are in units of g for translational degrees of freedom, and g/feet for 

rotational degrees of freedom. 
*** Tabulated displacements are in units of feet for translational degrees of freedom, and rads for 

rotational degrees of freedom. 
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TABLE 3.7B-9 
 

CONTAINMENT AND INTERNAL STRUCTURES SRSS ACCELERATIONS 
AND DISPLACEMENTS FOR SAFE SHUTDOWN EARTHQUAKE 

CRACKED MODEL, MEDIAN SOIL, RESPONSE SPECTRUM ANALYSIS 
 

 Acceleration(**) Displacements(***) 
Degree of 

Freedom(*) 
Horizontal 

Earthquake 
Vertical 

Earthquake 
Horizontal 

Earthquake 
Vertical 

Earthquake 
   

 1 0.447 0.537x10-2 0.167 0.679x10-3 
 

 2 0.717x10-2 0.266 0.378x10-3 0.033 
 

 3 0.381x10-2 0.629x10-4 0.102x10-2 0.630x10-5 
 

 4 0.279 0.245x10-2 0.119 0.354x10-3 
 

 5 0.542x10-2 0.243 0.322x10-3 0.031 
 

 6 0.304x10-2 0.399x10-4 0.909x10-3 0.480x10-5 
 

 7 0.221 0.167x10-2 0.096 0.247x10-3 
 

 8 0.473x10-2 0.234 0.302x10-3 0.030 
 

 9 0.283x10-2 0.363x10-4 0.875x10-3 0.44x10-5 
 

10 0.178 0.113x10-2 0.075 0.165x10-3 
 

11 0.387x10-2 0.221 0.275x10-3 0.028 
 

12 0.251x10-2 0.315x10-4 0.818x10-3 0.37x10-5 
 

13 0.153 0.104x10-2 0.055 0.129x10-3 
 

14 0.317x10-2 0.205 0.243x10-3 0.026 
 

15 0.212x10-2 0.274x10-4 0.734x10-3 0.28x10-5 
 

16 0.144 0.123x10-2 0.040 0.130x10-3 
 

17 0.258x10-2 0.189 0.214x10-3 0.024 
 

18 0.178x10-2 0.249x10-4 0.639x10-3 0.19x10-5 
 

19 0.143 0.145x10-2 0.029 0.136x10-3 
 

20 0.221x10-2 0.175 0.191x10-3 0.023 
 

21 0.158x10-2 0.242x10-4 0.546x10-3 0.12x10-5 
 

22 0.143 0.168x10-2 0.020 0.136x10-3 
 

23 0.215x10-2 0.165 0.176x10-3 0.021 
 

24 0.154x10-2 0.244x10-4 0.472x10-3 0.11x10-5 
 

25 0.165 0.204x10-2 0.038 0.224x10-3 
 

26 0.618x10-2 0.170 0.105x10-2 0.022 
 

27 0.219x10-2 0.399x10-4 0.515x10-3 0.48x10-5 
 

28 0.192 0.270x10-2 0.049 0.317x10-3 
 

29 0.264x10-2 0.171 0.188x10-3 0.022 
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TABLE 3.7B-9 (Cont) 
 

 Acceleration(**) Displacements(***) 
Degree of 

Freedom(*) 
Horizontal 

Earthquake 
Vertical 

Earthquake 
Horizontal 

Earthquake 
Vertical 

Earthquake 

30 0.227x10-2 
 

0.375x10-4 0.519x10-3 0.43x10-5 
 

31 0.244 0.387x10-2 0.065 0.47x10-3 
 

32 0.308x10-2 0.172 0.215x10-3 0.022 
 

33 0.234x10-2 0.398x10-4 0.522x10-3 0.45x10-5 
 

34 0.296 0.498x10-2 0.078 0.60x10-3 
 

35 0.344x10-2 0.172 0.236x10-3 0.022 
 

36 0.238x10-2 0.415x10-4 0.524x10-3 0.45x10-5 
 

37 0.350 0.604x10-2 0.091 0.713x10-3 
 

38 0.554x10-2 0.172 0.150x10-2 0.022 
 

39 0.239x10-2 0.421x10-4 0.525x10-3 0.65x10-5 
 
 

NOTES: 
 
   * Degrees of freedom corresponding to x- and y- direction translation and rotation about the z 

axis are identified in Table 3.7B.2-8. 
  ** Tabulated accelerations are in units of g for translational degrees of freedom, and g/feet for 

rotational degrees of freedom. 
 *** Tabulated displacements are in units of feet for translational degrees of freedom, and rads 

for rotational degrees of freedom. 
**** SRSS - square root of the sum of the squares. 
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TABLE 3.7B-10 
 

CONTAINMENT AND INTERNAL STRUCTURES 
DEGREES OF FREEDOM 

 
 

Mass 
Point 

Degree of 
  Freedom   

Direction of Motion 
(Global Coordinates)* 

   
1  1 Translation X 

 
1  2 Translation Y 

 
1  3 Rotation θz 

 
2  4 Translation X 

 
2  5 Translation Y 

 
2  6 Rotation θz 

 
3  7 Translation X 

 
3  8 Translation Y 

 
3  9 Rotation θz 

 
4 10 Translation X 

 
4 11 Translation Y 

 
4 12 Rotation θz 

 
5 13 Translation X 

 
5 14 Translation Y 

 
5 15 Rotation θz 

 
6 16 Translation X 

 
6 17 Translation Y 

 
6 18 Rotation θz 

 
7 19 Translation X 

 
7 20 Translation Y 

 
7 21 Rotation θz 

 
8 22 Translation X 
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TABLE 3.7B-10 (Cont) 
 
 

Mass 
Point 

Degree of 
  Freedom   

Direction of Motion 
(Global Coordinates)* 

   
 8 23 Translation Y 

 
 8 24 Rotation θz 

 
 9 25 Translation X 

 
 9 26 Translation Y 

 
 9 27 Rotation θz 

 
10 28 Translation X 

 
10 29 Translation Y 

 
10 30 Rotation θz 

 
11 31 Translation X 

 
11 32 Translation Y 

 
11 33 Rotation θz 

 
12 34 Translation X 

 
12 35 Translation Y 

 
12 36 Rotation θz 

 
13 37 Translation X 

 
13 38 Translation Y 

 
13 39 Rotation θz 

 
 
 

NOTE: 
 
*Refer to Figure 3.7B-9. 
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TABLE 3.7B-11 
 

CONTAINMENT AND INTERNAL STRUCTURES 
ENVELOPED ACCELERATIONS AND DISPLACEMENTS 

HORIZONTAL MOTION* 
 
 
External Structure 
 

Mass Elevation Acceleration** Displacement*** 
No (ft) SSE OBE SSE OBE 
      

 1 854.22 0.473 0.239 0.189 0.099 
 2 813.62 0.359 0.180 0.139 0.073 
 3 788.62 0.300 0.151 0.114 0.060 
 4 763.62 0.245 0.123 0.091 0.047 
 5 738.62 0.198 0.100 0.068 0.036 
 6 717.32 0.167 0.085 0.051 0.027 
 7 699.72 0.151 0.078 0.039 0.020 
 8 680.92 0.154 0.0775 0.027 0.014 

 
Internal Structure 
 

 9 716.0 0.188 0.096 0.049 0.026 
10 738.0 0.224 0.114 0.064 0.033 
11 767.83 0.284 0.145 0.083 0.044 
12 793. 0.343 0.175 0.100 0.052 
13 818.0 0.402 0.206 0.117 0.061 

 
 
NOTES: 
 
  *Maximum of cracked, uncracked, G = 18 ksi ± 33 percent. 
 **Tabulated accelerations are in units of g. 
***Displacements are listed in feet. 
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TABLE 3.7B-12 
 

CONTAINMENT AND INTERNAL STRUCTURES 
ENVELOPED ACCELERATIONS AND DISPLACEMENTS 

VERTICAL MOTION* 
 
 
External Structure 
 

Mass Elevation Acceleration** Displacement*** 
No. (ft) SSE OBE SSE OBE 
      

 1 854.22 0.266 0.135 0.044 0.022 
 2 813.62 0.242 0.122 0.041 0.021 
 3 788.62 0.234 0.117 0.040 0.020 
 4 763.62 0.221 0.111 0.039 0.0196 
 5 738.62 0.205 0.102 0.037 0.019 
 6 717.32 0.193 0.096 0.035 0.018 
 7 699.72 0.188 0.095 0.034 0.017 
 8 680.92 0.1845 0.093 0.032 0.016 

 
Internal Structure 
 

 9 716.0 0.193 0.0965 0.033 0.016 
10 738.0 0.194 0.097 0.033 0.0165 
11 767.83 0.195 0.097 0.033 0.0165 
12 793.0 0.196 0.098 0.033 0.017 
13 818.0 0.196 0.098 0.033 0.017 

 
 
NOTES: 
 
  *Maximum of cracked, uncracked, G = 18 ksi ± 33 percent. 
 **Tabulated accelerations are in units of g. 
***Displacements are listed in feet. 
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TABLE 3.7B-13 
 

FUEL BUILDING 
REPRESENTATIVE MODAL FREQUENCIES AND 

PARTICIPATION FACTORS 
 
 

 Frequency Participation Factors 
Mode (Hz) X-Earthquake Y-Earthquake Z-Earthquake 

     
 1 2.704 1.328 -8.467 201.785 
 2 2.881 31.494 0.506 -3.921 
 3 3.342 253.884 7.430 1.504 
 4 3.884 6.966 -349.883 -7.826 
 5 4.753 31.608 0.070 52.593 
 6 5.135 55.373 5.015 -194.360 
 7 5.309 128.304 1.603 67.510 
 8 6.722 3.226 19.865 -9.463 
 9 9.195 0.218 2.202 -0.856 
10 13.262 0.159 -41.917 -0.401 
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TABLE 3.7B-14 
 

FUEL BUILDING 
REPRESENTATIVE MODE SHAPES 

 (EIGENVECTORS) 
 
 

              Displacement             
Mode Mass No. X Y Z 

     
1 2 

3 
4 
5 
6 
7 

0.000 
-0.002 
0.001 
0.025 
0.001 
0.151 

-0.005 
-0.063 
-0.047 
0.170 
0.003 
0.023 

0.137 
0.471 
0.828 
1.0 
0.000 
0.881 
 

2 2 
3 
4 
5 
6 
7 

0.002 
0.003 
0.005 
0.007 
0.006 
1.0 

0.000 
0.000 
0.001 

-0.001 
-0.000 
-0.001 

-0.000 
-0.001 
-0.002 
-0.000 
-0.000 
-0.012 

 
3 2 

3 
4 
5 
6 
7 

0.383 
0.694 
0.867 
1.0 

-0.004 
-0.705 

0.008 
0.029 
0.149 

-0.164 
-0.000 
-0.002 

0.002 
-0.002 
0.005 
0.029 

-0.000 
0.050 
 

4 2 
3 
4 
5 
6 
7 

0.028 
0.028 
0.029 
0.028 
0.000 
0.000 

-0.973 
-0.984 
-0.993 
-1.0 
0.000 
0.000 

-0.027 
-0.032 
-0.045 
-0.052 
0.000 

-0.051 
 

5 2 
3 
4 
5 
6 
7 

0.159 
0.220 
0.060 

-0.800 
0.003 
0.438 

0.000 
0.003 

-0.035 
0.029 

-0.004 
-0.003 

0.229 
0.275 
0.429 

-0.943 
0.000 

-1.0 
 

6 2 
3 
4 
5 
6 
7 

0.330 
0.092 

-0.145 
-0.364 
0.000 
0.058 

0.023 
-0.115 
-0.177 
0.563 

-0.011 
0.065 

-1.0 
-0.426 
0.292 
0.395 
0.000 
0.140 
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TABLE 3.7B-14 (Cont) 
 
 

              Displacement             
Mode Mass No. X Y Z 

     
 7 2 

3 
4 
5 
6 
7 

1.0 
0.103 

-0.619 
-0.780 
0.000 

-0.010 

0.010 
-0.019 
-0.343 
0.449 

-0.004 
-0.026 

0.454 
0.150 

-0.338 
-0.071 
0.000 
0.063 
 

 8 2 
3 
4 
5 
6 
7 

0.012 
-0.003 
-0.016 
-0.018 
0.002 
0.033 

0.013 
0.008 
0.001 
0.030 
0.179 
1.0 

-0.029 
-0.009 
0.055 
0.073 
0.000 
0.070 
 

 9 2 
3 
4 
5 
6 
7 

0.002 
0.034 
0.038 

-0.192 
0.000 
0.016 

0.006 
-0.050 
-0.001 
0.133 
0.032 
0.146 

-0.006 
0.403 

-0.519 
-0.843 
0.000 

-1.0 
 

10 2 
3 
4 
5 
6 
7 

0.000 
0.000 

-0.001 
-0.003 
0.001 
0.001 

0.001 
0.000 
0.000 
0.000 

-0.494 
-1.0 

-0.001 
0.002 
0.002 

-0.001 
0.000 
0.000 
 

 



 BVPS-2 UFSAR Rev. 0 

1 of 1 

TABLE 3.7B-15 
 

FUEL BUILDING 
CSM ACCELERATIONS FOR 

SAFE SHUTDOWN EARTHQUAKE 
FROM RESPONSE SPECTRUM ANALYSIS 

 
 

Degree of 
Freedom* 

 
X-Earthquake** 

 
Y-Earthquake** 

 
Z-Earthquake** 

    
 1 0.210 0.012 0.110 
 2 0.009 0.265 0.009 
 3 0.095 0.012 0.211 
 4 0.001 0.000 0.005 
 5 0.002 0.000 0.002 
 6 0.004 0.000 0.002 
 7 0.273 0.013 0.031 
 8 0.021 0.269 0.037 
 9 0.041 0.015 0.224 
10 0.002 0.000 0.005 
11 0.002 0.000 0.002 
12 0.004 0.000 0.002 
13 0.379 0.016 0.057 
14 0.074 0.272 0.055 
15 0.056 0.020 0.369 
16 0.002 0.000 0.005 
17 0.002 0.000 0.002 
18 0.004 0.000 0.002 
19 0.451 0.018 0.134 
20 0.109 0.275 0.143 
21 0.056 0.023 0.450 
22 0.002 0.000 0.005 
23 0.002 0.000 0.002 
24 0.004 0.000 0.002 
25 0.184 0.000 0.001 
26 0.002 0.165 0.015 
27 0.000 0.000 0.181 
28 0.000 0.000 0.000 
29 0.000 0.000 0.000 
30 0.001 0.000 0.000 
31 0.859 0.016 0.149 
32 0.012 0.361 0.061 
33 0.054 0.022 0.393 
34 0.243 0.021 0.020 
35 0.002 0.000 0.003 
36 0.012 0.000 0.002 

 
NOTES: 
 
 * The relationship between the degrees of freedom and the motion of 

the lumped masses is given in Table 3.7B-18. 
** Tabulated accelerations are in units of g for translational degrees 

of freedom, and g/feet for rotational degrees. 
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TABLE 3.7B-16 
 

FUEL BUILDING CLOSELY SPACED MODES DISPLACEMENTS 
FOR SAFE SHUTDOWN EARTHQUAKE 

FROM RESPONSE SPECTRUM ANALYSIS 
 
 

Degree of 
Freedom* 

 
X-Earthquake** 

 
Y-Earthquake** 

 
Z-Earthquake** 

    
 1  0.013 0.667x10

-3
 0.337x10

-2
 

 2 0.504x10
-3
 0.014 0.516x10

-3
 

 3 0.291x10
-2
 0.550x10

-3
 0.909x10

-2
 

 4 0.456x10
-4
 0.120x10

-4
 0.395x10

-3
 

 5 0.484x10
-4
 0.120x10

-5
 0.674x10

-4
 

 6 0.209x10
-3
 0.540x10

-5
 0.689x10

-4
 

 7 0.020 0.836x10
-3
 0.103x10

-2
 

 8 0.128x10
-2
 0.015 0.320x10

-2
 

 9 0.133x10
-2
 0.934x10

-3
 0.023 

10 0.469x10
-4 0.127x10

-4
 0.413x10

-3
 

11 0.593x10
-4
 0.13x10

-5
 0.805x10

-4
 

12 0.218x10
-3
 0.62x10

-5 0.715x10
-4 

13  0.027 0.101x10
-2 0.175x10

-2 
14 0.427x10

-2
 0.015 0.285x10

-2 
15 0.183x10

-2
 0.152x10

-2
  0.040 

16 0.485x10
-4
 0.132x10

-4
 0.422x10

-3
 

17 0.632x10
-4
 0.33x10

-5
 0.983x10

-4
 

18 0.224x10
-3
 0.61x10

-5
 0.735x10

-4
 

19 0.031 0.112x10
-2
 0.450x10

-2
 

20 0.600x10
-2
 0.015 0.909x10

-2
 

21 0.219x10
-2
 0.181x10

-2
 0.048 

22 0.499x10
-4
 0.134x10

-4
 0.427x10

-3
 

23 0.692x10
-4
 0.30x10

-5
 0.972x10

-4
 

24 0.232x10
-3
 0.63x10

-5
 0.722x10

-4
 

25 0.815x10
-3
 0.84x10

-5
 0.853x10

-4
 

26 0.477x10
-4
 0.757x10

-3
 0.205x10

-3
 

27 0.400x10
-6
 0.10x10

-5
 0.605x10

-3
 

28 0.200x10
-6
 0.4x10

-6
 0.016x10

-4
 

29 0.000 0.000 0.000 
30 0.109x10

-3
 0.19x10

-5
 0.209x10

-4
 

31 0.079 0.137x10
-2
  0.015 

32 0.287x10
-3
 0.181x10

-2
 0.129x10

-2
 

33 0.291x10
-2
 0.166x10

-2
 0.043 

34 0.303x10
-3
 0.699x10

-3
 0.986x10

-3
 

35 0.848x10
-4
 0.41x10

-5
 0.107x10

-3
 

36 0.100x10
-2
 0.184x10

-4
 0.193x10

-3
 

 
NOTES: 
 
 * The relationship between the degrees of freedom and the motion of 

the lumped masses is given in Table 3.7B-18. 
** Tabulated displacements are in units of feet for translational 

degrees of freedom, and rads for rotational degrees. 
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TABLE 3.7B-17 
 

FUEL BUILDING SQUARE ROOT OF THE SUM OF THE SQUARES 
SAFE SHUTDOWN EARTHQUAKE RESPONSES 

 
 

Degree of 
Freedom* 

 
Acceleration** 

 
Displacement*** 

   
 1 0.237 0.013 
 2 0.266 0.014 
 3 0.231 0.010 
 4 0.005 0.398x10

-3
 

 5 0.003 0.829x10
-4
 

 6 0.004 0.220x10
-3
 

 7 0.276 0.020 
 8 0.272 0.015 
 9 0.228 0.023 
10 0.005 0.416x10

-3
 

11 0.002 0.999x10
-4
 

12 0.004 0.230x10
-3
 

13 0.383 0.027 
14 0.287 0.016 
15 0.374 0.040 
16 0.005 0.425x10

-3
 

17 0.003 0.117x10
-3
 

18 0.004 0.236x10
-3
 

19 0.471 0.032 
20 0.329 0.019 
21 0.454 0.049 
22 0.005 0.430x10

-3
 

23 0.003 0.119x10
-3
 

24 0.004 0.243x10
-3
 

25 0.184 0.001 
26 0.166 0.001 
27 0.181 0.001 
28  0.000 0.160x10

-5
 

29 0.000 0.000 
30 0.001 0.111x10

-3
 

31 0.872 0.080 
32 0.366 0.002 
33 0.397 0.043 
34 0.245 0.123x10

-2
 

35 0.004 0.137x10
-3
 

36 0.012 0.101x10
-2
 

  
NOTES: 
 
  * Refer to Table 3.7B-18 for definition of degrees of freedom. 
 ** Tabulated accelerations are in units of g for translational degrees 

of freedom and g/feet for rotational degrees of freedom. 
*** Tabulated displacements are in units of feet for translational 

degrees of freedom and rads for rotational degrees. 
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TABLE 3.7B-18 
 

FUEL BUILDING 
DEGREES OF FREEDOM 

 
 
 

Mass 
Point* 

Degree 
of 

Freedom 

 
 
Direction of Motion 

   
2  1 Translation X 
2  2 Translation Y 
2  3 Translation Z 
2  4 Rotation θx 
2  5 Rotation θy 
2  6 Rotation θz 
3  7 Translation X 
3  8 Translation Y 
3  9 Translation Z 
3 10 Rotation θx 
3 11 Rotation θy 
3 12 Rotation θz 
4 13 Translation X 
4 14 Translation Y 
4 15 Translation Z 
4 16 Rotation θx 
4 17 Rotation θy 
4 18 Rotation θz 
5 19 Translation X 
5 20 Translation Y 
5 21 Translation Z 
5 22 Rotation θx 
5 23 Rotation θy 
5 24 Rotation θz 
6 25 Translation X 
6 26 Translation Y 
6 27 Translation Z 
6 28 Rotation θx 
6 29 Rotation θy 
6 30 Rotation θz 
7 31 Translation X 
7 32 Translation Y 
7 33 Translation Z 
7 34 Rotation θx 
7 35 Rotation θy 
7 36 Rotation θz 

 
 

NOTE: 
 
*For locations of lumped masses, refer to Figure 3.7B-37. 
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TABLE 3.7B-19 
 

CABLE VAULT BUILDING 
REPRESENTATIVE MODAL FREQUENCIES AND PARTICIPATION FACTORS 

 
 

 Frequency            Participation 
Factors            

Mode (Hz) X-Earthquake Y-Earthquake Z-Earthquake 
     
1 1.963 -0.810 -6.295 207.529 
2 2.997 -234.177 7.874 1.724 
3 3.212 -24.874 0.106 5.900 
4 5.094 -31.969 -181.426 -21.641 
5 5.879 -125.582 31.608 -82.137 
6 6.007 -63.890 0.108 160.797 
7 12.488 -12.696 -1.885 6.856 
8 14.466 -2.322 -0.627 9.237 
9 15.273 -6.330 2.169 -18.060 
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TABLE 3.7B-20 
 

CABLE VAULT BUILDING 
REPRESENTATIVE MODE SHAPES 

 (EIGENVECTORS) 
 
 

              Displacements            
Mode Mass No. X Y Z 

     
1 1 

2 
3 
4 
5 
6 

-0.000 
-0.001 
-0.002 
-0.002 
0.003 

-0.010 

-0.002 
-0.038 
-0.043 
-0.023 
0.092 

-0.150 

0.088 
0.303 
0.495 
0.688 
0.862 
1.000 
 

2 1 
2 
3 
4 
5 
6 

0.300 
0.470 
0.619 
0.764 
0.884 
1.000 

-0.009 
-0.040 
-0.043 
-0.049 
0.169 

-0.264 

-0.001 
-0.005 
-0.007 
-0.007 
0.042 

-0.056 
 

3 1 
2 
3 
4 
5 
6 

-0.064 
-0.023 
-0.055 
-0.165 
-0.544 
0.157 

0.000 
-0.000 
-0.001 
0.004 

-0.019 
0.024 

0.013 
-0.049 
-0.011 
0.004 
1.000 

-0.893 
 

4 1 
2 
3 
4 
5 
6 

0.156 
0.125 
0.098 
0.066 
0.027 
0.010 

0.818 
0.863 
0.890 
0.917 
0.852 
1.000 

0.094 
0.069 
0.058 
0.052 
0.047 
0.049 
 

5 1 
2 
3 
4 
5 
6 

1.000 
0.718 
0.449 
0.141 

-0.191 
-0.390 

-0.232 
-0.128 
-0.124 
-0.150 
-0.850 
0.550 

0.582 
0.454 
0.327 
0.149 

-0.067 
-0.186 
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TABLE 3.7B-20 (Cont) 
 
 

              Displacements            
Mode Mass No. X Y Z 

     
6 1 

2 
3 
4 
5 
6 

-0.445 
-0.316 
-0.192 
-0.048 
0.102 
0.212 

0.000 
0.026 
0.029 

-0.027 
0.008 

-0.039 

1.000 
0.775 
0.539 
0.209 

-0.140 
-0.420 

 
7 1 

2 
3 
4 
5 
6 

-0.303 
-0.200 
-0.054 
0.222 
0.295 
0.474 

-0.041 
-0.008 
0.000 
0.028 

-0.144 
0.217 

0.145 
-0.042 
-0.199 
-0.124 
-0.497 
1.000 
 

8 1 
2 
3 
4 
5 
6 

0.054 
-0.036 
-0.109 
-0.175 
-0.340 
1.000 

0.013 
0.025 
0.022 

-0.024 
-0.118 
0.085 

-0.193 
-0.059 
0.149 
0.157 
0.212 

-0.207 
 

9 1 
2 
3 
4 
5 
6 

-0.364 
-0.174 
0.060 
0.412 
0.771 

-0.544 

0.115 
0.158 
0.123 

-0.148 
-0.732 
0.440 

-0.926 
-0.363 
0.697 
1.000 
0.143 

-0.247 
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TABLE 3.7B-21 
 

CABLE VAULT BUILDING 
DEGREES OF FREEDOM 

 
 
 

Mass 
Point 

Degree 
of 

Freedom 

 
 
Direction of Motion 

   
1  1 Translation X 
1  2 Translation Y 
1  3 Translation Z 
1  4 Rotation θx 
1  5 Rotation θy 
1  6 Rotation θz 
2  7 Translation X 
2  8 Translation Y 
2  9 Translation Z 
2 10 Rotation θx 
2 11 Rotation θy 
2 12 Rotation θz 
3 13 Translation X 
3 14 Translation Y 
3 15 Translation Z 
3 16 Rotation θx 
3 17 Rotation θy 
3 18 Rotation θz 
4 19 Translation X 
4 20 Translation Y 
4 21 Translation Z 
4 22 Rotation θx 
4 23 Rotation θy 
4 24 Rotation θz 
5 25 Translation X 
5 26 Translation Y 
5 27 Translation Z 
5 28 Rotation θx 
5 29 Rotation θy 
5 30 Rotation θz 
6 31 Translation X 
6 32 Translation Y 
6 33 Translation Z 
6 34 Rotation θx 
6 35 Rotation θy 
6 36 Rotation θz 
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TABLE 3.7B-22 
 

CABLE VAULT BUILDING 
CSM ACCELERATION FOR SAFE SHUTDOWN EARTHQUAKE 

FROM RESPONSE SPECTRUM ANALYSIS 
 
 

Degree of 
Freedom* 

 
X-Earthquake** 

 
Y-Earthquake** 

 
Z-Earthquake** 

    
 1 0.154 0.046 0.128 

 
 2 0.043 0.142 0.028 

 
 3 0.114 0.027 0.184 

 
 4 0.002 0.000 0.004 

 
 5 0.001 0.000 0.000 

 
 6 0.002 0.001 0.002 

 
 7 0.168 0.036 0.092 

 
 8 0.039 0.148 0.029 

 
 9 0.088 0.021 0.167 

 
10 0.002 0.000 0.004 

 
11 0.001 0.000 0.000 

 
12 0.002 0.001 0.002 

 
13 0.196 0.026 0.057 

 
14 0.040 0.153 0.030 

 
15 0.063 0.017 0.178 

 
16 0.002 0.000 0.004 

 
17 0.001 0.000 0.000 

 
18 0.003 0.001 0.002 

 
19 0.234 0.017 0.027 

 
20 0.044 0.158 0.030 

 
21 0.028 0.013 0.209 
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TABLE 3.7B-22 (Cont) 
 
 

Degree of 
Freedom* 

 
X-Earthquake** 

 
Y-Earthquake** 

 
Z-Earthquake** 

    
22 0.002 0.000 0.004 

 
23 0.001 0.000 0.000 

 
24 0.003 0.001 0.002 

 
25 0.277 0.014 0.030 

 
26 0.114 0.159 0.072 

 
27 0.035 0.013 0.259 

 
28 0.002 0.000 0.004 

 
29 0.001 0.000 0.000 

 
30 0.003 0.001 0.002 

 
31 0.308 0.016 0.057 

 
32 0.114 0.179 0.071 

 
33 0.057 0.016 0.307 

 
34 0.002 0.000 0.004 

 
35 0.001 0.000 0.001 

 
36 0.003 0.001 0.002 

 
NOTES: 
 
 * The relationship between the degrees of freedom and the motion of 

the lumped masses is given in Table 3.7B-21. 
** Tabulated accelerations are in units of g for translational degrees 

of freedom, and g/feet for rotational degrees. 
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TABLE 3.7B-23 
 

CABLE VAULT BUILDING 
CSM DISPLACEMENTS FOR SAFE SHUTDOWN EARTHQUAKE 

FROM RESPONSE SPECTRUM ANALYSIS 
 
 

Degree of 
Freedom* 

 
X-Earthquake** 

 
Y-Earthquake** 

 
Z-Earthquake** 

    
 1 0.833x10

-2
 0.132x10

-2
 0.297x10

-2
 

 2 0.122x10
-2
 0.444x10

-2
 0.810x10

-3
 

 3 0.265x10
-2
 0.781x10

-3
 0.694x10

-2
 

 4 0.396x10
-4
 0.207x10

-4
 0.522x10

-3
 

 5 0.783x10
-4
 0.23x10

-5
 0.330x10

-4
 

 6 0.159x10
-3
 0.172x10

-4
 0.421x10

-4
 

 7 0.013 0.111x10
-2
 0.213x10

-2
 

 8 0.160x10
-2
 0.465x10

-2
 0.255x10

-2
 

 9 0.207x10
-2
 0.818x10

-3
 0.019 

10 0.399x10
-4
 0.199x10

-4
 0.538x10

-3
 

11 0.764x10
-4
 0.210x10

-5
 0.323x10

-4
 

12 0.166x10
-3
 0.178x10

-4
 0.439x10

-4
 

13 0.017 0.957x10
-3
 0.134x10

-2
 

14 0.169x10
-2
 0.479x10

-2
 0.286x10

-2
 

15 0.149x10
-2
 0.105x10

-2
 0.031 

16 0.412x10
-4
 0.195x10

-4
 0.533x10

-3
 

17 0.753x10
-4
 0.200x10

-5
 0.305x10

-4
 

18 0.171x10
-3
 0.181x10

-4
 0.462x10

-4
 

19 0.021 0.854x10
-3
 0.489x10

-3
 

20 0.185x10
-2
 0.494x10

-2
 0.170x10

-2
 

21 0.706x10
-3
 0.136x10

-2
 0.043 

22 0.455x10
-4
 0.185x10

-4
 0.569x10

-3
 

23 0.702x10
-4
 0.180x10

-5
 0.327x10

-4
 

24 0.174x10
-3
 0.183x10

-4
 0.476x10

-4
 

25 0.025 0.869x10
-3
 0.777x10

-3
 

26 0.538x10
-2
 0.490x10

-2
 0.606x10

-2
 

27 0.255x10
-2
 0.168x10

-2
 0.054 

28 0.458x10
-4
 0.185x10

-4
 0.571x10

-3
 

29 0.692x10
-4
 0.180x10

-5
 0.351x10

-4
 

30 0.176x10
-3
 0.190x10

-4
 0.483x10

-4
 

31 0.028 0.969x10
-3
 0.149x10

-2
 

32 0.767x10
-2
 0.558x10

-2
 0.963x10

-2
 

33 0.297x10
-2
 0.195x10

-2
 0.063 

34 0.479x10
-4
 0.187x10

-4
 0.584x10

-3
 

35 0.553x10
-4
 0.190x10

-5
 0.399x10

-4
 

36 0.178x10
-3
 0.184x10

-4
 0.493x10

-4
 

 
NOTES: 
 
 * The relationship between the degrees of freedom and the motion of 

the lumped masses is given in Table 3.7B-3. 
** Tabulated displacements are in units of feet for translational 

degrees of freedom and in rads for rotational degrees. 
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TABLE 3.7B-24 
 

CABLE VAULT BUILDING 
SRSS OF SAFE SHUTDOWN EARTHQUAKE 

 
 

Degree of 
Freedom* 

 
Acceleration** 

 
Displacement*** 

   
 1 0.206 0.009 
 2 0.152 0.005 
 3 0.218 0.008 
 4 0.004 0.554x10

-3
 

 5 0.001 0.850x10
-4
 

 6 0.003 0.165x10
-3
 

 7 0.195 0.013 
 8 0.156 0.006 
 9 0.191 0.020 
10 0.004 0.539x10

-3
 

11 0.001 0.829x10
-4
 

12 0.003 0.173x10
-3
 

13 0.206 0.017 
14 0.161 0.006 
15 0.189 0.031 
16 0.004 0.555x10

-3
 

17 0.001 0.812x10
-4
 

18 0.004 0.178x10
-4
 

19 0.236 0.021 
20 0.167 0.005 
21 0.211 0.043 
22 0.005 0.571x10

-3
 

23 0.001 0.774x10
-4
 

24 0.004 0.181x10
-3
 

25 0.279 0.025 
26 0.208 0.010 
27 0.261 0.055 
28 0.005 0.573x10

-3
 

29 0.001 0.776x10
-4
 

30 0.004 0.183x10
-3
 

31 0.314 0.028 
32 0.224 0.014 
33 0.313 0.063 
34 0.004 0.586x10

-3
 

35 0.001 0.648x10
-4
 

36 0.004 0.186x10
-3
 

 
NOTES: 
 
  * Table 3.7B-21 defines degrees of freedom. 
 ** Tabulated accelerations are in units of g for translational degrees 

of freedom, and g/feet for rotational degrees of freedom. 
*** Tabulated displacements are in units of feet for translational 

degrees of freedom and rads for rotational degrees. 
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TABLE 3.7B-25 
 

COMPARISON OF RESPONSE SPECTRA AND TIME HISTORY 
ANALYSIS RESULTS 

CONTAINMENT AND INTERNAL STRUCTURES 
 (UNCRACKED PROPERTIES) 

 
SSE Accelerations* 

 
 

Mass Response Spectrum Time History 
No** Horizontal Vertical Horizontal Vertical 

     
 1 0.415 0.180 0.509 0.196 
 2 0.313 0.177 0.371 0.192 
 3 0.260 0.176 0.295 0.192 
 4 0.213 0.175 0.230 0.191 
 5 0.176 0.174 0.195 0.190 
 6 0.156 0.172 0.181 0.188 
 7 0.150 0.171 0.190 0.187 
 8 0.154 0.168 0.198 0.185 
 9 0.176 0.174 0.198 0.190 
10 0.198 0.175 0.210 0.191 
11 0.240 0.176 0.253 0.191 
12 0.285 0.176 0.307 0.192 
13 0.332 0.180 0.360 0.192 

 
NOTES: 
 
 *Safe shutdown earthquake accelerations are in units of g. 
**Figure 3.7B-3 illustrates the location of the lumped masses. 
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TABLE 3.7B-26 
 

COMPARISON OF RESPONSE SPECTRA AND TIME HISTORY 
ANALYSIS RESULTS 

CONTAINMENT AND INTERNAL STRUCTURES 
 (CRACKED PROPERTIES) 

 
SSE Accelerations* 

 
 

Mass Response Spectrum Time History 
No** Horizontal Vertical Horizontal Vertical 

     
 1 0.447 0.266 0.580 0.296 
 2 0.279 0.243 0.346 0.272 
 3 0.221 0.234 0.257 0.263 
 4 0.178 0.221 0.221 0.249 
 5 0.153 0.205 0.199 0.230 
 6 0.144 0.189 0.178 0.215 
 7 0.143 0.175 0.160 0.202 
 8 0.143 0.165 0.159 0.192 
 9 0.165 0.170 0.185 0.196 
10 0.192 0.171 0.210 0.196 
11 0.244 0.172 0.255 0.197 
12 0.296 0.172 0.303 0.197 
13 0.350 0.172 0.363 0.197 

 
NOTES: 
 
 *Safe shutdown earthquake accelerations are in units of g. 
**Figure 3.7B-3 illustrates locations of lumped masses. 
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TABLE 3.7B-27 
 

COMPARISON OF RESPONSE SPECTRA AND TIME HISTORY 
ANALYSIS RESULTS 

FUEL BUILDING - SAFE SHUTDOWN EARTHQUAKE ACCELERATIONS* 
 
Mass Response Spectra Time History 
No** N-S E-W Vertical N-S E-W Vertical 

       
2 0.231 0.237 0.266 0.258 0.283 0.332 
3 0.228 0.276 0.272 0.368 0.277 0.338 
4 0.374 0.383 0.287 0.520 0.340 0.341 
5 0.454 0.471 0.329 0.637 0.440 0.340 
6 0.181 0.184 0.166 0.168 0.171 0.158 
7 0.397 0.872 0.366 0.526 0.404 0.271 

 
NOTES: 
 
 *Safe shutdown earthquake accelerations are in units of g. 
**Figure 3.7B-37 illustrates the location of the lumped masses. 
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TABLE 3.7B-28 
 

COMPARISON OF RESPONSE SPECTRA 
AND TIME HISTORY ANALYSIS RESULTS 

CABLE VAULT BUILDING 
SAFE SHUTDOWN EARTHQUAKE ACCELERATIONS* 

 
Mass Response Spectra Time History 
No** N-S E-W Vertical N-S E-W Vertical 

       
1 0.218 0.206 0.152 0.205 0.188 0.151 
2 0.191 0.195 0.156 0.184 0.199 0.155 
3 0.189 0.206 0.161 0.225 0.237 0.157 
4 0.211 0.236 0.167 0.273 0.287 0.160 
5 0.261 0.279 0.208 0.315 0.340 0.158 
6 0.313 0.314 0.224 0.349 0.372 0.164 

 
NOTES: 
 
 *Safe shutdown earthquake accelerations are in units of g. 
**Figure 3.7B-31 illustrates the location of the lumped masses. 
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TABLE 3.7B-29 
 

EQUIPMENT AND COMPONENTS 
1G FLAT RESPONSE 

 
 

  Max Dynamic Max Dynamic     
 

Model Beam 
Fundamental 

Frequency 
 

Sum 
Moment 
(in-lb) 

Load 
Type 

Moment 
(in-lb) 

 
Location 

 
S/C 

K 
S/U 

 
A/U 

          
Cantilever 1 SRS

S 
ABS 

620,000 
649,000 

Conc 
Unif 

700,000 
700,000 

 

Fixed end 0.89 0.89 0.99 

Simple-simple 1 SRS
S 
ABS 

179,000 
186,000 

Conc 
Unif 

348,000 
174,000 

 

Midspan 0.51 1.03 1.07 

Fixed-fixed 1 SRS
S 
ABS 

103,000 
112,000 

Conc 
Unif 

174,000 
116,000 

 

Fixed end 0.59 0.89 0.97 

Simple-fixed - no overhang 1 SRS
S 
ABS 

152,000 
169,000 

Conc 
Unif 

261,000 
174,000 

 

Fixed end 0.58 0.87 0.97 

Simple-fixed - 16% overhang 1.34 SRS
S 
ABS 

83,200 
114,000 

Conc 
Unif 

162,000 
111,000 

 

Fixed end 0.51 0.75 1.03 

Simple-fixed - 33% overhang 1.04 SRS
S 
ABS 

57,000 
89,000 

Conc 
Unif 

77,400 
77,200 

 

Fixed end 0.74 0.74 1.15 

Simple-fixed - 50% overhang 0.62 SRS
S 
ABS 

152,000 
176,000 

Conc 
Unif 

174,000 
174,000 

 

Simple support 0.87 0.87 1.01 
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TABLE 3.7B-30 
 

MODAL DENSITY, n* 
 
 
 
 

Mode 
No 

 
 

Cantileve
r 

Freq(Hz) 

 
Fixed- 
Fixed 
Freq(Hz) 

 
Simple- 
Fixed 
Freq(Hz) 

 
Simple- 
Simple 
Freq(Hz) 

Simple- 
Fixed 33% 
Overhang 
Freq(Hz) 

      
1 1.0 1.0 1.0 1.0 1.0 

 
2 5.8 2.7 3.2 3.8 2.9 

 
3 15.3 4.9 6.3 8.2 6.5 

 
4 28.0 7.5 10.2 13.6 8.4 

 
5 43.2 10.2 14.0 19.5 13.3 

 
6 59.6     

 
NOTE: 
 
*Modal density based on a ± 10 percent criterion. 
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TABLE 3.7B-31 
 

AMPLIFIED RESPONSE 
DYNAMIC FACTOR STUDY 

 
   Max Dynamic Moment  Max Static Moment*   K   

Model 1st Dynamic Load Sum Moment  Uniform Load (U) S/U 
Beam Mode High Low (S) (in-lb) Location              (in-lb)               A/U 

         
Simple- 
fixed-33% 
overhang 
 

g 
 
f(Hz) 

g 
 
f(Hz) 

g 
 
f(Hz) 

     

Model 6A 0.10 
0.70 

2.87 
3-4 

0.33 
20 

SRSS 
ABS 

20,000 
30,000 

Fixed 
Fixed 

222,000 s 0.09 
0.13 

 
Model 6B 0.10 

1.0 
2.87 
3-4 

0.33 
20 

SRSS 
ABS 

148,000 
157,000 

Fixed 
Fixed 

222,000 s 0.67 
0.71 

 
Model 6C 2.87 

3.3 
2.87 
3-4 

0.33 
20 

SRSS 
ABS 

102,000 
118,000 

Simple support 
Simple support 

222,000 s 0.45 
0.53 

 
Model 6D 0.40 

10.0 
2.87 
3-4 

0.33 
20 

SRSS 
ABS 

22,000 
32,000 

Fixed 
Fixed 

 
31,000 s 

0.71 
1.03 

 
Model 6E 0.33 

20.0 
2.87 
3-4 

0.33 
20 

SRSS 
ABS 

20,000 
27,000 

Fixed 
Fixed 

25,700 s 0.78 
1.05 

 
Model 6F 0.30 

33.0 
2.87 
3-4 

0.33 
20 

SRSS 
ABS 

18,000 
25,000 

Fixed 
Fixed 

23,400 s 0.77 
1.07 

 
 

NOTE: 
 
*gmax, if fo ≤fp; g at fo if fo > fp. 
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TABLE 3.7B-32 
 

PIPING SYSTEM SEISMIC DESIGN AND ANALYSIS CRITERIA 
 
 
ASME Section III Code 
          Class           

Type of 
Earthquake 

     Type of 
Seismic Analyses 

Combined Stress Calculations 
         and Stress Criteria          

    
Class 1 
(All sizes) 

SSE Dynamic response spectra ASME Code, Section III, 
Subarticle NB-3600* 
 

 OBE Dynamic response spectra ASME Code, Section III, 
Subarticles NB-3600* 
 

Classes 2 and 3 
(All sizes) 

SSE Dynamic response spectra ASME Code, Section III, 
Subarticles NC-3600 and ND-3600 
 

 OBE Dynamic response spectra ASME Code, Section III, 
Subarticles NC-3600 and ND-3600 
 

 
NOTES: 
 
*For Class 1 piping 1 inch and below, Subarticle NC-3600 is used. 
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TABLE 3.7N-1 
 

DAMPING VALVES USED FOR SEISMIC SYSTEMS 
ANALYSIS FOR WESTINGHOUSE SUPPLIED EQUIPMENT DAMPING 

 
 

 (Percent of Critical) 
 
 

Item 

Upset 
Conditions 

(OBE) 

Faulted 
Condition 
(SSE, DBA) 

   
Primary coolant loop system 
components 
 

 
2 

 
4 

Welded steel structures 2 4 
 

Bolted and/or riveted steel 
structures 
 

 
4 

 
7 

Fuel assemblies 7 10 
 

CRDMs/CRDM supports 4 7 
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691 0.235 

716 -0.177 

738 -0.372 

767 -0.542 

793 -0.787 

818 - 1.0 

MODE 4 
FREQUENCY 5.0 Hz 

Y 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

REFERENCE TABLE 3.7B-4 AND TABLE 3.78-6 

FIGURE 3.7B-15 

EIGENVECTORS FOR CONTAINMENT 
AND INTERNAL STRUCTURES 
UNCRACKED MODEL, MEDIAN SOIL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7B-16 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENT AND INTERNAL 
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BEAVER VALLEY POWER STATION-UNIT 2 
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FIGURE 3.78-17 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENT AND INTERNAL 
STRUCTURES, MAT 
HORIZONTAL SSE 
8EAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.78-18 
RESPONSE SPECTRUM ANALYSI S, 
CONTAINMENT AND INTERNAL 
STRUCTURES, OPERATING FLOOR 
HORIZONTAL SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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RESPONSE SPECTRUM ANALYSIS, 
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VERTICAL SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
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FIGURE 3.7B-20 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENT AND INTERNAL 
STRUCTURES, MAT 
VERTICAL SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
FI NAL SAFETY ANALYSIS REPORT 
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FI G U R E 3 .7 B - 21 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENT AND INTERNAL 
STRUCTU RES, OPERATING FLOOR 
VERTICAL SSE 
BEAVER VALLEY POWER STATION-UN IT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.78-22 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENTAND INTERNAL 
STRUCTURES, SPRINGLINE 
HORIZONTAL SSE 
8 EAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.78-23 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENT AND INTERNAL 
STRUCTURES, MAT 
HORIZONTAL SSE 
8EAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7B-24 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENT AND INTERNAL 
STRUCTURES, OPERATING FLOOR 
HORIZONTAL SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7B-25 
RESPONSE SPECTRUM ANALYSIS, 
CONTAIN MENT AND INTERNAL 
STRUCTURES, SPRINGLINE 
VERTICAL SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.78-26 
RESPONSE SPECTRUM ANALYSIS, 
CONTAINMENT AND INTERNAL 
STRUCTURES, MAT 
VERTICAL SSE 
8EAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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AMPL IF lED RESPONSE SPECTRA. 
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BEAVER VALLEY POWER STATION-UNIT 2 
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FIGURE 3.7B-31 
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FIGURE 3.7B-32 
AMPLIFIED RESPONSE SPECTRA, 
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FIGURE 3.7B-34 

TIME HISTORY OF ACCELERATION 
AT THE OPERAT ING FLOOR, 
CONTAINMENT, HORIZONTAL SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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TIME HISTORY OF ACCELERAT ION 
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FIGURE 3. 7B- 37 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, FUEL BUILDING, 
N -S SSE AT EL. 729.50' 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.78 -38 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, FUEL BUILDING, 
E-W SSE AT EL. 729.50' 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7B- 39 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY. FUEL BUILDING. 
VERTICAL SSE AT EL. 729.50' 
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FIGURE 3.7B-40 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY. FUEL BUILDING. 
N-S SSE AT EL. 767.33 1 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



6.00r------------------------------------------------------------------------------

~.OO 

(!) 4.00 
I 

Z 
0 
..... 
« 3.00 a: 
w 
-l 
W 
0 
U 
« 2.00 

1.00 

O.OO~--~~~--~~----~-----L------L------L----~L-----~-----i------1------L----~ 
0.00 0.20 0.30 0.60 0.25 0.35 0.40 0.45 0.50 0.55 

PERIOD -SECONDS 

LEGEND 

---- 0.010 OSCILLATOR DAMPING 

- ---- 0.020 OSCILLATOR DAMPING 

0.030 OSCILLATOR DAMPING 

----- 0.040 OSCILLATOR fJAMl-'lNG 

NOTE 
FOR EQUIPMENT WITH A NATURAL PERIOD WITHIN t 25 OR 
-20 PERCENT OF RESONANCE PERIOD, USE PEAK VALUES. 

FIGURE 3.7B-41 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, FUEL BUILDING, 
E -W SSE AT EL. 767.33 1 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, FUEL BUILDING, 
VERTICAL SSE AT EL. 767.33 1 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7B-43 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, FUEL BUILDING 
CRANE RAIL STRUCTURE, 
N-S SSE AT EL. 798.00' 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, FUEL BUILDING 
CRANE RAIL STRUCTURE, 
E -W SSE AT EL. 798.00' 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FINAL SAFETY ANALYSIS REPORT 



6.00r-----------------------------------------------------------------------------------, 

5.00 

(!) 4.00 
1 

Z 
0 
t-
oe{ 

3.00 0: 
uJ 
....J 
W 
U 
U 
oe{ 2.00 

1.00 

---
O.OOL------L------L------L ______ ~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~~ ____ ~ 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 

PERIOD - SECONDS 

LEGEND 

---- 0.010 OSCILLATOR DAMPING 

----- 0.020 OSCILLATOR DAMPING 

0.030 OSCILLATOR DAMPING 

----- 0.040 OSCILLATOR DAMPING 

--- 0.080 OSCILLATOR DAMPING 

NOTE 
FOR EQUIPMENT WITH A NATURAL PERIOD WITHIN 
± 25 PERCENT OF RESONANCE, USE PEAK VALUES. 

FIGURE 3. 7B- 46 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, CABLE VAULT 
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AT EL. 718.5 1 

BEAVER VALLEY POWER STATION -UNIT 2 
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FIGURE 3.7B-47 
AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY. CABLE VAULT 
BUILDING. N-S EXCITATION SSE 
AT EL. 735.5 1 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7 B- 48 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY. CABLE VAULT 
BUILDING. N-S EXCITATION SSE 
AT EL. 805.04' 
BEAVER VALLEY POWER STATION -UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7B-49 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, CABLE VAULT 
BUILDING, E-W EXCITATION SSE 
AT EL. 718.5 1 

BEAVER VALLEY POWER STATION- UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



6.00~-------------------------------------------------------------------------------------, 

5.00 

(.!) 4.0U 
I 

Z 
0 
~ 
« 3.00 a: 
w 
...J 
W 
U 
U « 2.00 

1.00 

------------
O.OO~----~------~------L-----~------~------~----~------~------~----~------~----~ 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 

PERIOD - SECONDS 

LEGEND 

0.010 OSCILLATOR DAMPING 

----- 0.020 OSCILLATOR DAMPING 

0.030 OSCILLATOR DAMPING 

- --- - 0.040 OSCILLATOR DAMPING 

--- 0.080 OSCILLATOR DAMPING 

NOTE. 
FOR EQUIPMENT WITH A NATURAL PERIOD WITHIN 
±25 PERCENT OF RESONANCE, USE. PEAK VALUES. 

FIGURE 3.7B-50 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, CABLE VAULT 
BUILDING, E-W EXCITATION SSE 
AT EL. 735.50' 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



6.00~-------------------------------------------------------------------------------------, 

5.00 

(!) 4.00 
1 

Z 
0 
t-
<t 

3.00 a:: 
W 
..J 
W 
U 
u 
<t 2.00 

1.00 

O.OOL-----~-------L------L-----_J ______ _L ______ L_ ____ _J ______ _L ______ L_ ____ _J ______ ~ ____ ~ 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 O.BO 0.90 1.00 1.10 1.20 

PERIOD - SECONDS 

LEGEND 

--- 0.010 OSCILLATOR DAMPING 

-- - -- 0.020 OSCILLATOR DAMPING 

0.030 OSCILLATOR DAMPING 

-- --...!. 0.040 OSCILLATOR DAMPING 

------ O.OBO OSCILLATOR DAMPING 

NOTE 
FOR EQUIPMENT WITH A NATURAL PERIOD WITHIN 

± 25 PERCENT OF RESONANCE, USE PEAK VALUES. 

FIGURE 3.7 B-51 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, CABLE VAULT 
BUILDING, E-W EXCITATION SSE 
AT EL. 805.041 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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FIGURE 3.7B-52 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, CABLE VAULT 
BUILDING, VERTICAL EXCITATION 
SSE AT EL. 718.50' 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



6.00~----------------------------------------------------------------------------------, 

5.00 

(!) 4.00 
I 

Z 
0 
~ 
<t 3.00 a:: 
w 
..J 
W 
U 
U 
<t 2.00 

1.00 

0.10 0.20 0.30 0.40 0.50 0.60 0.70 

PER 100 - SECONDS 

LEGEND 

--- 0.010 OSCILLATOR DAMPING 

----- 0.020 OSCILLATOR DAMPING 

0.030 OSCILLATOR DAMPING 

-- --- 0.040 OSCILLATOR DAMPING 

--- 0.080 OSCILLATOR DAMPING 

NOTE 
FOR EQUIPMENT WITH A NATURAL PERIOD WITHIN 

± 25 PERCENT OF RESONANCE, USE PEAK VALUES. 

0.80 0.90 1.00 1.10 1.20 

FIGURE 3.7B-53 

AMPLIFIED RESPONSE SPECTRA 
BY TIME HISTORY, CABLE VAULT 
BUILDING, VERTICAL EXCITATION 
SSE AT EL. 805.04' 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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A.R.S. COMPARISON-FINITE ELEMENT 
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A.R.S. COMPARISON-FINITE ELEMENT 
vs. LUMPED MASS-SPRING 
CONTAINMENT INTERNAL STRUCTURE 
EL. 818.0', HORIZONTAL, SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
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A.R.S. COMPARISON-FINITE ELEMENT 
VS. LUMPED MASS- SPRING 
CONTAINMENT EXTERNAL STRUCTURE 
EL. 854.0', VERTICAL, SSE 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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A.R.S. COMPARISION-FINITE ELEMENT 
VS. lUMPED MASS-SPRING 
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FINAL SAFETY ANALYSIS REPORT 
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A.R.S. COMPARISON-FINITE ELEMENT 
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A.R.S. COMPARISON-FINITE ELEMENT 
VS. lUMPED MASS - SPR ING 
FUEL BUilDING, EL. 729.50' 
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BEAVER VALLEY POWER STATION -UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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