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3.1  CONFORMANCE WITH NRC GENERAL DESIGN CRITERIA 
 
 
3.1.1  SUMMARY DESCRIPTION 
 
This section contains an evaluation of the design bases of the Susquehanna Steam Electric 
Station Units 1 and 2 as measured against the NRC General Design Criteria for Nuclear Power 
Plants, Appendix A of 10CFR50. 
 
3.1.2  CRITERION CONFORMANCE 
 
3.1.2.1  Overall Requirements (Group I) 
 
3.1.2.1.1  Quality Standards and Records (Criterion 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. 
 
Design Conformance 
 
Structures, systems, and components important to safety are listed in Table 3.2-1. 
 
The construction quality assurance program and operational quality assurance program are 
described in Appendix D of the PSAR and Chapter 17 of the FSAR, respectively, and are 
applied to the documents which are maintained to demonstrate that all the requirements of the 
quality assurance program are being satisfied.  The documentation shows that appropriate 
codes, standards and regulatory requirements are observed, specified materials are used, 
correct procedures are utilized, qualified personnel are provided and that the finished parts and 
components meet the applicable specifications for safe and reliable operation.  These records 
are available so that any desired item of information is retrievable for reference.  These records 
will be maintained during the life of the operating licenses. 
 
The Quality Assurance programs developed by PP&L and its contractors satisfy the 
requirements of General Design Criterion 1. 
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For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Plant Description 1.2.2 
  
3) Classification of Structures, 
 Components, and Systems 

3.2 

 
 
3.1.2.1.2  Design Basis for Protection Against Natural Phenomena (Criterion 2) 
 
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. 
 
Design Conformance 
 
All safety related structures, systems, and components are protected from or designed to 
withstand the effects of natural phenomena such as earthquakes, tornadoes, and floods without 
loss of capability to perform their safety function.  The natural phenomena and their magnitude 
are selected in accordance with their probability of occurrence at the Susquehanna SES site.  
The designs are based upon the most severe of the natural phenomena recorded for the site, 
with an appropriate margin to account for uncertainties in the historical data.  The natural 
phenomena postulated in the design are presented in Sections 2.3, 2.4, and 2.5.  The design 
criteria for the structures, systems, and components affected by each natural phenomenon are 
presented in Sections 3.2, 3.3, 3.5, 3.7, and 3.8.  Combinations of natural phenomena and 
plant-originated accidents that are considered in the design are identified in Sections 3.8, 3.9, 
3.10, and 3.11. 
 
The design bases for protection against natural phenomena are in accordance with General 
Design Criterion 2. 
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3.1.2.1.3  Fire Protection (Criterion 3) 
 
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.  Fire fighting 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. 
 
Design Conformance 
 
The plant is designed to minimize the occurrence of fire. Plant arrangement allows for isolation 
of known fire hazards.  Nonflammable materials are used to the greatest extent practical to 
hinder the creation and subsequent spread of fire.  Automatic and manual fire protection 
systems are provided throughout the plant (refer to the Fire Protection Review Report). 
 
The fire protection system is provided with test valves and facilities for periodic testing.  All 
equipment is accessible for periodic inspection.  
 
Structures, systems, and components important to safety are designed to meet the 
requirements of Criterion 3.  Fire protection systems meeting the requirements of General 
Design Criterion 3 are provided. 
 
A fire protection evaluation, including a fire hazards analysis, has been performed on the fire 
protection program for Susquehanna SES Units 1 and 2.  Results of this evaluation may be 
found in the Fire Protection Review Report. 
 
3.1.2.1.4  Environmental and Dynamic Effects Design Bases (Criterion 4) 
 
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.  
However, dynamic effects associated with postulated pipe ruptures in nuclear power units may 
be excluded from the design basis when analysis reviewed and approved by the commission 
demonstrate that the probability of fluid system piping rupture is extremely low under conditions 
consistent with the design basis for the piping. 
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Design Conformance 
 
All safety related structures, systems, and equipment are protected from, or designed to 
withstand, the effects of and are compatible with the environmental conditions associated with 
normal operation, maintenance, testing, and postulated accidents, including a LOCA, assuming 
that non-related events do not occur simultaneously.  These structures, systems, and 
components are 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 plant. 
 
The electrical equipment instrumentation and associated cables of the protection and 
engineered safety features systems which are located inside the containment are discussed in 
the sections listed below indicating the design requirements in terms of the time which each 
must survive the extreme environmental conditions following a loss-of-coolant accident. 
 
Environmental and missile design bases are in accordance with General Design Criterion 4. 
 
For further discussion, see the following sections: 
 
1) Meteorology 2.3 

2) Hydrology 2.4 

3) Geology and Seismology 2.5 

4) Classification of Structures, 
 Components and Systems 

3.2 

5) Wind and Tornado Design Criteria 3.3 

6) Water Level Design Criteria 3.4 

7) Missile Protection Criteria 3.5 

8) Criteria for Protection Against Dynamic 
 Effects Associated with a Postulated 
 Rupture of Piping 

3.6 

9) Seismic Design 3.7 

10) Design of Category I Structures 3.8 

11) Mechanical Systems and Components 3.9 

12) Seismic Qualification of Seismic 
 Category I Instrumentation and 
 Electrical Equipment 

3.10 

13) Environmental Design of Mechanical and 
 Electrical Equipment 

3.11 

14) Integrity of Reactor Coolant Pressure 
 Boundary 

5.2 

15) Engineered Safety Features 6.0 

16) Instrumentation and Controls 7.0 

17) Electric Power 8.0 
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3.1.2.1.5  Sharing of Structures, Systems, and Components (Criterion 5) 
 
Criterion 
 
Structures, systems, and components important to safety shall not be shared among nuclear 
power units unless it can be shown that such sharing will 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. 
 
Design Conformance 
 
Although Susquehanna SES Units 1 and 2 share certain structures, systems, and components, 
sharing them does not significantly impair performance of their safety functions. 
 
The following safety related structures are shared between both units: 
 
Control Structure 
 
Diesel Generator Buildings 
 
ESSW Pumphouse 
 
Spray Pond 
 
Spent Fuel Pools 
 
The safety related structures are designed to remain functional during and following the most 
severe natural phenomena.  Therefore sharing these structures will not impair their ability to 
perform their safety functions. 
 
Seismic Category I structures which house safety related systems and equipment are discussed 
in Section 3.8. 
 
The shared systems which are important to safety are discussed below; a more detailed 
discussion may be found in the referenced Subsections: 
 
a) Emergency Service Water System (ESWS) 9.2.5 
  
b) Residual Heat Removal Service Water (RHRSW) 9.2.6 
  
c) Ultimate Heat Sink (Spray Pond) 3.8.4 & 9.2.7 
  
d) Diesel Generators 8.3.1.4 
  
e) Offsite Power Supplies 8.2 
  
f) Unit 1 AC Distribution System 8.3.1 
  
g) Residual Heat Removal 
 (Fuel Pool Cooling Mode) 

5.4.7.1.1.6 
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Emergency Service Water System (ESWS) 
 
The ESWS is designed to:  
 
a) Supply cooling water to the RHR pump room unit coolers and the motor bearing oil 

cooler of each RHR pump during all modes of operation of the RHR system. 
 
b) Supply cooling water to all the aligned diesel generator heat exchangers, except the 

governor oil coolers, during emergency operation or diesel testing, whenever the diesel 
generators are required to operate. 

 
c) Supply cooling water to the room coolers for the core spray pumps, the high pressure 

coolant injection (HPCI) pumps and the reactor core isolation cooling (RCIC) pumps to 
support operation of these systems. 

 
d) Supply cooling water to the control structure chiller and the Unit 2 emergency switchgear 

cooling condensing unit during emergency operation. 
 
e) During a seismic event, ESWS can also supply water to the spent fuel pools to makeup 

for evaporative losses as needed to support the RHR fuel pool cooling mode, should the 
normal makeup source be unavailable. 

 
f) Supply cooling water to the non-safety related reactor building closed cooling water heat 

exchanger (RBCCW) and turbine building closed cooling water heat exchanger 
(TBCCW), within the limitations described in Section 9.2.5 of the FSAR. 

 
The ESW system starts automatically after the diesel generators receive their start initiation 
signal.  The ESW system can also be started manually from either the main control room or 
from either of the two remote shutdown panels located in Units 1 and 2.  The system consists of 
two loops each of which is designed to supply 100 percent of the ESW cooling requirements to 
both units and the common emergency diesel generators simultaneously.  The system has 
sufficient redundancy so that a single failure of any active component, assuming a loss of offsite 
power, cannot impair the capability of the system to perform its safety related functions. 
 
For additional discussion, see Subsection 9.2.5. 
 
Residual Heat Removal Service Water System (RHRSW) 
 
The RHRSW System is designed to supply cooling water to the RHR heat exchangers of both 
units.  The system provides a reliable source of cooling water for all operating modes of the 
RHR system, including heat removal under post-accident conditions, RHR fuel pool cooling 
following a seismic event and also to provide water to flood the reactor core or the primary 
containment after an accident, should it be necessary. 
 
The RHRSW pumps are located in the ESSW pumphouse with the ESW pumps.  The ESSW 
pumphouse and the RHRSW system are designed as Seismic Category 1.  Each redundant 
loop of RHRSW provides cooling to one RHR heat exchanger in each unit.  The system is 
designed so that no single failure will prevent it from achieving its safety function. 
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The RHRSW is a manually operated system.  This system can be operated from the control 
room, or in the event the control room becomes uninhabitable, from the remote shutdown panel 
in Unit 1 (Loop B) Reactor Building or Unit 2 (Loop A) Reactor Building. 
 
For additional information, see Subsection 9.2.6 
 
Ultimate Heat Sink (Spray Pond) 
 
The ultimate heat sink provides cooling water to support operation of the ESW and RHRSW 
systems during system testing, during a normal shutdown and during accident conditions.  The 
ultimate heat sink is capable of providing sufficient cooling water without makeup to the spray 
pond for at least 30 days to permit simultaneous safe shutdown and cooldown of both reactor 
units and maintain them in a safe shutdown condition.  The spray pond is capable of providing 
enough cooling water without makeup, for a design basis LOCA in one unit with the 
simultaneous shutdown of the other unit, for 30 days while assuming a concurrent SSE, single 
failure and loss of offsite power. 
 
The ultimate heat sink consists of a concrete lined spray pond containing approximately 25 
million gallons of water and an ESSW intake structure housing four RHRSW pumps and four 
ESW pumps which pump the water from the pond through their respective loops and back to the 
pond through a network of sprays located in the pond.  The spray pond is concrete lined and is 
designed in accordance with seismic category 1 requirements. 
 
For additional information, see Subsections 3.8.4.1 and 9.2.7. 
 
Diesel Generators 
 
Diesel Generators A, B, C and D are housed in a Seismic Category I structure.  They are 
separated from each other by concrete walls which provide missile protection.  Additionally, a 
spare diesel generator (Diesel Generator 'E') is provided which can be manually realigned as a 
replacement for any one of the other four diesel generators.  Thus, any one of the other diesel 
generators (A, B, C or D) can be removed from service for extended maintenance and the 
Diesel Generator 'E' can be substituted so that there are four operable diesel generators.  
Diesel Generator 'E' is housed in its own Seismic Category I structure which also provides 
missile protection.  Loss of one of the four aligned diesel generators will not impair the capability 
to safely shutdown both units, since this can be done with three diesel generators.  For 
additional discussion, see Subsection 8.3.1.4. 
 
For descriptions of the Diesel Generator Fuel Oil System, Cooling Water System, Air Starting 
System, Lube Oil System, and the Intake and Exhaust Systems see Subsections 9.5.4, 9.5.5, 
9.5.6, 9.5.7, and 9.5.8 respectively. 
 
For missile protection see Subsection 3.5.  Separation is discussed in Sections 3.12 and 8.3. 
 
Offsite Power Supplies 
 
The two preferred offsite power supplies are shared by both units.  The capacity of each offsite 
power supply is sufficient to operate the engineered safety features of one unit and safe 
shutdown loads of the other unit. 
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For additional discussion, see Section 8.2 
 
Unit 1 AC Distribution System 
 
The Unit 1 AC Distribution System is a shared system between both units, since the common 
equipment (Emergency Service Water, Standby Gas Treatment System, Control Structure 
HVAC, etc.) is energized only from the Unit 1 AC Distribution System.  There are no Unit 2 
specific loads energized from the Unit 1 AC Distribution System.  The capacity of the Unit 1 AC 
Distribution System is sufficient to operate the engineered safety features on one unit and the 
safe shutdown loads of the other unit. 
 
Residual Heat Removal (Fuel Pool Cooling Mode) 
 
With the Spent Fuel Pools cross-tied, one unit's RHR system can be used to cool stored spent 
fuel in both spent fuel pools.  In the cross-tied configuration, the RHRFPC mode of one unit will 
draw suction from that unit's skimmer surge tank and return the cooled flow to the bottom of the 
unit's fuel pool.  No direct flow to or from the opposite unit's fuel pool will be accomplished.  With 
the pools cross-tied and RHRFPC in operation on one of the units, adequate cooling of both 
pools will be achieved.  For further discussions see Subsections 5.4.7.1.1.6, 5.4.7.1.4, 9.1.3.1, 
and 9.1.3.3. 
 
3.1.2.2  Protection by Multiple Fission Product Barriers (Group II) 
 
3.1.2.2.1  Reactor Design (Criterion 10) 
 
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. 
 
Design Conformance 
 
The reactor core components consist of fuel assemblies, control rods, in-core ion chambers, 
neutron sources, and related items.  The mechanical design is based on conservative 
application of stress limits, operating experience, and experimental test results.  The fuel is 
designed to provide high integrity over a complete range of power levels including transient 
conditions.  The core is sized with sufficient heat transfer area and coolant flow to ensure that 
fuel design limits are not exceeded under normal conditions or anticipated operational 
occurrences. 
 
The reactor protection system is designed to monitor certain reactor parameters, sense 
abnormalities, and to scram the reactor, thereby preventing fuel design limits from being 
exceeded when trip points are exceeded.  Trip set points are selected on operating experience 
and by the safety design basis.  There is no case in which the trip set points allow the core to 
exceed the thermal-hydraulic safety limits.  Power for the reactor protection system is supplied 
by two independent high inertia AC power supplies which override short duration disturbances 
in the power system.  Alternate power is available to each reactor protection system bus. 
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An analysis and evaluation has been made of the effects upon core fuel following adverse plant 
operating conditions.  The results of abnormal operational transients are presented in Chapter 
15 and show that the minimum critical power ratio (MCPR) does not fall below the transient 
MCPR limit, thereby satisfying the transient design basis. 
 
The reactor core and associated coolant, control, and protection systems are designed to 
ensure that the specified fuel design limits are not exceeded during conditions of normal or 
abnormal operation and, therefore, meet the requirements of Criterion 10. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Plant Description 1.2.2 
  
3) Fuel Mechanical Design 4.2 
  
4) Nuclear Design 4.3 
  
5) Thermal and Hydraulic Design 4.4 
  
6) Reactor Recirculation System 5.4.1 
  
7) Reactor Core Isolation Cooling System 5.4.6 
  
8) Residual Heat Removal System 5.4.7 
  
9) Accident Analysis 15.0 
 
 
3.1.2.2.2  Reactor Inherent Protection (Criterion 11) 
 
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. 
 
Design Conformance 
 
The reactor core is designed to have a reactivity response that regulates or damps changes in 
power level and spatial distributions of power production to a level consistent with safe and 
efficient operation. 
 
The inherent dynamic behavior of the core is characterized in terms of: (a) fuel temperature or 
Doppler coefficient, (b) moderator void coefficient, and (c) moderator temperature coefficient.  
The combined effect of these coefficients in the power range is termed the power coefficient.  
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Doppler reactivity feedback occurs simultaneously with a change in fuel temperature and 
opposes the power change that caused it; it contributes to system stability.  Since Doppler 
reactivity opposes load changes, it is desirable to maintain a large ratio of moderator void 
coefficient to Doppler coefficient for optimum load-following capability.  The boiling water reactor 
(BWR) has an inherently large moderator-to-Doppler coefficient ratio that permits use of coolant 
flow rate for load following. 
 
In a BWR, the moderator void coefficient is of importance during operation at power. Nuclear 
design requires the void coefficient inside the fuel channel to be negative.  The negative void 
reactivity coefficient provides an inherent negative feedback during power transients.  Because 
of the large negative moderator coefficient of reactivity, the BWR has inherent advantages, such 
as: 
 
a) The use of coolant flow as opposed to control rods for load following, 
 
b) The inherent self-flattening of the radial power distribution, 
 
c) The ease of control, and 
 
d) The spatial xenon stability. 
 
The reactor is designed so that the moderator temperature coefficient is small and positive in 
the cold condition; however, the overall power reactivity coefficient is negative.  Typically, the 
power coefficient at full power is about –0.04 (  k/k)/(  P/P) at the beginning of life and about -
0.3(  k/k)/(  P/P) at 10,000 MWd/T.  These values are well within the range required for 
adequate damping of power and spatial xenon disturbances. 
 
The reactor core and associated coolant system are designed so that, in the power operating 
range, prompt inherent dynamic behavior tends to compensate for any rapid increase in 
reactivity in accordance with Criterion 11. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Nuclear Design 4.3 
  
3) Thermal and Hydraulic Design 4.4 
 
 
3.1.2.2.3  Suppression of Reactor Power Oscillations (Criterion 12) 
 
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. 
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Design Conformance 
 
The LaSalle instability event described in NRC Information Notice 88-39 demonstrated that 
reactor instability events have the potential to violate the MCPR safety limit.   
 
The Oscillation Power Range Monitors (OPRM) provide a detection and suppression function 
for reactor thermal-hydraulic instabilities as described in 10CFR50 Appendix A, Criteria 10 and 
12; BWROG reports NEDO-31960-A, NEDO-31960-A Supplement 1, and NEDO-32465-A;  
Additional OPRM detection and suppression descriptions are outlined in NEDC-32410P-A and 
NEDC-32410P-A Supplement 1 .  The OPRMs monitor local groups of adjacent LPRMs in 
"cells" as defined in NEDO-32465-A.  The OPRM RPS trip function will scram the reactor when 
there is a reactor core thermal-hydraulic instability to insure that the MCPR Safety Limit is not 
violated for anticipated instability events. 
 
3.1.2.2.4  Instrumentation and Control (Criterion 13) 
 
Criterion 
 
Instrumentation shall be provided to monitor variables and systems over their anticipated ranges 
for normal operation, for anticipated operational occurrences, and for accident conditions as 
appropriate to assure adequate safety, including those variables and systems that can affect the 
fission process, the integrity of the reactor core, the reactor coolant pressure boundary, and the 
containment and its associated systems.  Appropriate controls shall be provided to maintain 
these variables and systems within prescribed operating ranges. 
 
 
Design Conformance 
 
The fission process is monitored and controlled for all conditions from source range through 
power operating range.  The intermediate and power ranges of the neutron monitoring system 
detect core conditions that threaten the overall integrity of the fuel barrier due to excess power 
generation and provide a signal to the reactor protection system.  Fission detectors, located in 
the core, are used for neutron detection.  The detectors are located to provide optimum 
monitoring in the intermediate and power ranges. 
 
The intermediate range monitor (IRM) monitors neutron flux from the upper portion of the source 
range monitor (SRM) to the lower portion of the local power range monitor (LPRM) subsystem.  
The IRM is capable of generating a trip signal to scram the reactor. 
 
The local power range monitor (LPRM) subsystem consists of fission chambers located 
throughout the core, the signal conditioning equipment, and trip functions.  LPRM signals are 
also used to block rod withdrawal and to generate the necessary trip signal for reactor scram 
(APRM).  The average power range monitors also provide post accident neutron flux 
information. 
 
The reactor protection system (RPS) protects the fuel barriers and the nuclear process barrier 
by monitoring plant parameters and causing a reactor scram when predetermined set points are 
exceeded.  Separation of the scram and normal rod control function prevents failures in the 
reactor manual control circuitry from affecting the scram circuitry. 
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To provide protection against the consequences of accidents involving the release of radioactive 
materials from the fuel and reactor coolant pressure boundary, the containment and reactor 
vessel isolation control system initiates automatic isolation of appropriate pipelines whenever 
monitored variables exceed preselected operational limits.  
 
Nuclear system leakage limits are established so that appropriate action can be taken to ensure 
the integrity of the reactor coolant pressure boundary.  Nuclear system leakage rates are 
classified as identified and unidentified, which corresponds, respectively, to the flow to the 
equipment drain and floor drain sumps. The permissible total leakage rate limit to these sumps 
is based upon the makeup capabilities of various reactor component systems.  Flow integrators 
and recorders are used to determine the leakage flow pumped from the drain sumps.  The 
unidentified leakage rate as established in Chapter 5 is less than the value that has been 
conservatively calculated to be a minimum leakage from a crack large enough to propagate 
rapidly, but which still allows time for identification and corrective action before integrity of the 
process barrier is threatened. 
 
The process radiation monitoring system monitors radiation levels of various processes and 
provides trip signals to the reactor protection system and containment and reactor vessel 
isolation control system whenever pre-established limits are exceeded. 
 
As noted above, adequate instrumentation has been provided to monitor system variables in the 
reactor core, reactor coolant pressure boundary, and reactor containment.  Appropriate controls 
have been provided to maintain the variables in the operating range and to initiate the 
necessary corrective action in the event of abnormal operational occurrence or accident.  These 
instrumentation and controls meet the requirements of Criterion 13. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Reactivity Control System 4.1 
  
3) Reactor Coolant Pressure Boundary Leakage 
 Detection System 

5.2 
 

  
4) Main Steamline Isolation Valves 5.4 
  
5) Containment System 6.2 
  
6) Reactor Protection System 7.2 
  
7) Primary Containment and Reactor Vessel 
 Isolation Control System 

7.3 

  
8) Neutron Monitoring System 7.6 
  
9) Reactor Vessel - Instrumentation and Control 7.5 
  
10) Process Computer System 7.5 
  
11) Reactor Manual Control System 7.7 
  
12) Recirculation Flow Control System 7.7 
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3.1.2.2.5  Reactor Coolant Pressure Boundary (Criterion 14) 
 
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. 
 
Design Conformance 
 
All NSSS components within the reactor coolant pressure boundary (RCPB) are classified as 
Quality Group A or ASME Code Class 1 as applicable in compliance with the codes and 
standards rule section 50.55a of 10 CFR 50, or as a minimum, are classified Quality Group B if 
the components meet the exclusion requirements 10 CFR Part 50.55a. 
 
The piping and equipment pressure parts within the RCPB through the outer isolation valve(s) 
are designed, fabricated, erected, and tested to provide a high degree of integrity throughout the 
plant lifetime.  Section 3.2 classifies systems and components within the RCPB as Quality 
Group A or B.  The design requirements and codes and standards applied to this quality group 
ensure a quality product in keeping with the safety functions to be performed. 
 
In order to minimize the possibility of brittle fracture within the RCPB, the fracture toughness 
properties and the operating temperature of ferritic materials are controlled to ensure adequate 
toughness.  Subsection 5.2.3 describes the methods utilized to control toughness properties.  
Materials are impact tested in accordance with ASME Boiler and Pressure Vessel Code, 
Section III, where applicable.  Where RCPB piping penetrates the primary containment, the 
fracture toughness temperature requirements of the RCPB materials apply. 
 
Piping and equipment pressure parts of the RCPB are assembled and erected by welding 
unless applicable codes permit flanged or screwed joints.  Welding procedures are employed 
which produce welds of complete fusion and free of unacceptable defects.  All welding 
procedures, welders, and welding machine operators used in producing pressure-containing 
welds are qualified in accordance with the requirements of Section IX of the ASME Boiler and 
Pressure Vessel Code for the materials to be welded.  Qualification records, including the 
results of procedure and performance qualification tests and identification symbols assigned to 
each welder are maintained. 
 
Section 5.2 contains the detailed material and examination requirements for the piping and 
equipment of the RCPB prior to and after its assembly and erection.  Leakage testing and 
surveillance is accomplished as described in Criterion 30 design conformance. 
 
The design, fabrication, erection, and testing of the RCPB ensure a low probability of failure or 
abnormal leakage, thus satisfying the requirements of Criterion 14. 
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For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Design Criteria - Structures, Components, 
 Equipment, and Systems 

3.1 

  
3) Overpressurization Protection 5.2 
  
4) Reactor Vessel and Appurtenances 5.3 
  
5) Reactor Recirculation System 5.4 
  
6) Accident Analysis 15.0 
  
7) Quality Assurance Program 17.0 
 
 
3.1.2.2.6  Reactor Coolant System Design (Criterion 15) 
 
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.  
 
 
Design Conformance 
 
The reactor coolant system consists of the reactor vessel and appurtenances, the reactor 
recirculation system, the nuclear system pressure relief system, the main steamlines, the 
reactor core isolation cooling (RCIC) system, and the residual heat removal (RHR) system.  
These systems are designed, fabricated, erected, and tested to stringent quality requirements 
and appropriate codes and standards, which ensure high integrity of the RCPB throughout the 
plant lifetime.  The reactor coolant system is designed and fabricated to meet the requirements 
of the ASME Boiler and Pressure Vessel Code, Section III as indicated in Chapter 3. 
 
The auxiliary, control, and protection systems associated with the reactor coolant system act to 
provide sufficient margin to ensure that the design conditions of the RCPB are not exceeded 
during any condition of normal operation, including anticipated operational occurrences.  As 
described in Subsection 3.1.2.2.4, instrumentation is provided to monitor essential variables to 
ensure that they are within prescribed operating limits.  If the monitored variables exceed their 
predetermined settings, the auxiliary, control, and protection systems automatically respond to 
maintain the variables and systems within allowable design limits.  
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An example of the integrated protective action scheme, which provides sufficient margin to 
ensure that the design conditions of the RCPB are not exceeded, is the automatic initiation of 
the nuclear system pressure relief system upon receipt of an overpressure signal.  To 
accomplish overpressure protection, a number of pressure-operated relief valves are provided 
to discharge steam from the nuclear system to the suppression pool.  The nuclear system 
pressure relief system also provides for automatic depressurization of the nuclear system in the 
event of a LOCA in which the vessel is not depressurized by the accident.  The depressurization 
of the nuclear system in this situation allows operation of the low pressure emergency core 
cooling systems (ECCS) to supply enough cooling water to adequately cool the core.  Similarly, 
other auxiliary, control, and protection systems provide assurance that the design conditions of 
the RCPB are not exceeded during any conditions of normal operation, including anticipated 
operational occurrences. 
 
The application of appropriate codes and standards and high quality requirements to the reactor 
coolant system and the design features of its associated auxiliary, control, and protection 
systems, ensure that the requirements of Criterion 15 are satisfied.  For further discussion, see 
the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Design Criteria - Structures, Components, 
 Equipment, and Systems 

3.1 

  
3) Overpressurization Protection 5.2 
  
4) Reactor Coolant Pressure Boundary Leakage 
 Detection System 

5.2 

  
5) Reactor Vessel 5.3 
  
6) Reactor Recirculation System 5.4 
  
7) Accident Analysis 15.0 
 
 
3.1.2.2.7  Containment Design (Criterion 16) 
 
Criterion 
 
Reactor containment and associated systems shall be provided to establish an essentially 
leaktight barrier against the uncontrolled 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. 
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Design Conformance 
 
The primary containment system, which includes the drywell and suppression chamber, is 
designed, fabricated, and erected to accommodate, without failure, the pressures and 
temperatures resulting from the double-ended rupture or equivalent failure of any coolant pipe 
within the primary containment.  The reactor building encompassing the primary containment 
provides secondary containment.  The two containment systems and their associated safety 
systems are designed and maintained so that offsite doses, which could result from postulated 
design basis accidents, remain below the guideline values stated in 10CFR50.67 when 
calculated by the methods of Regulatory Guide 1.183 (July 2000).  (Refer to Section 3.13.1 for 
Regulatory Guide 1.183 compliance.)  Sections 6.2 and 15.1 have detailed information which 
demonstrates compliance with Criterion 16. 
 
3.1.2.2.8  Electric Power Systems (Criterion 17) 
 
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 supplies, 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.  
 
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 supplies 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 supplies. 
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Design Conformance 
 
Two offsite power transmission systems and four onsite standby diesel generators (A, B, C and 
D) with their associated battery systems are provided.  Either of the two offsite transmission 
power systems or any three of the four onsite standby diesel generator systems have sufficient 
capability to operate safety related equipment for cooling the reactor core and maintaining 
primary containment integrity and other vital functions in the event of a postulated accident in 
one unit with a safe shutdown of the other unit. 
 
Additionally, a fifth diesel generator 'E' with its associated battery system is provided as a 
replacement, and has the capability of supplying the emergency loading for any one of the other 
four diesel generators (A, B, C or D).  Diesel generator 'E' must be manually aligned to replace 
any one of the other four diesel generators in the event of a failure. 
 
The two independent offsite power systems supply electric power to the onsite power 
distribution system via the 230 kV transmission grid.  Each of the offsite power sources is 
supplied from a transmission line which terminates in switchyards (or Substations) not common 
to the other transmission line.  The two transmission lines are on separate rights-of-way.  These 
two transmission circuits are physically independent and are designed to minimize the 
possibility of their simultaneous failure under operating and postulated accident and 
environment conditions. 
 
Each offsite power source can supply all Engineered Safety Feature (ESF) buses through the 
associated transformers.  Power is available to the ESF buses from their preferred offsite power 
source during normal operation and from the alternate offsite power source if the preferred 
power is unavailable.  Each diesel generator (A, B, C, or D) supplies standby power to one of 
the four ESF buses in each unit.  Loss of both offsite power sources to an ESF bus results in 
automatic starting and connection of the associated diesel generator (A, B, C, or D) within 10 
seconds.  Loads are progressively and sequentially added to avoid generator instabilities.  
 
There are four independent AC load groups provided to assure independence and redundancy 
of equipment function.  These meet the safety requirements assuming a single failure since any 
three of the four load groups have sufficient capacity to supply the minimum loads required to 
safely shut down the unit.  Independent routing of the preferred and alternate offsite power 
source circuits to the ESF buses are provided to meet the single failure safety requirements. 
 
For each of the four AC load groups there is an independent 125 V battery which furnishes DC 
control power for the corresponding load group.  The four load groups are subgrouped to form 
two divisions to meet the design basis of one out of two ESF load requirements.  For each of the 
two AC divisions there is an independent 250 V battery that supplies DC load power for the 
corresponding division. 
 
The reactor protection system is powered from the two independent high inertia AC power 
supplies which override short duration disturbances in the power system. 
 
The power systems as designed meet the requirements of Criterion 17. 
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For further discussion, see the following sections: 
 
1) General Plant Description 1.2 
  
2) Seismic Qualification Design of Seismic 
 Category I Instrumentation and Electrical 
 Equipment 

3.10 

  
3) Environmental Design of Mechanical and 
 Electrical Equipment 

3.11 
 

  
4) Offsite Power System 8.2 
  
5) Onsite A-C Power Systems 8.3 
  
6) Onsite D-C Power Systems 8.3 
 
 
3.1.2.2.9  Inspection and Testing of Electric Power Systems (Criterion 18) 
 
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 conditions 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. 
 
Design Conformance 
 
The onsite power systems, consisting of the standby diesel generators with their associated 
switchgear assemblies and battery systems that supply power to safety related equipment, are 
designed and arranged for periodic testing of each system independently.  During refueling 
shutdowns, a test is conducted to prove the operability of the automatic starting and load 
sequencing capability of the standby diesel generators.  The testing procedure simulates a loss 
of bus voltage or a safety injection signal to start each standby diesel generator and connect it 
to its bus.  The normal loading sequence is carried out. 
 
Full load testing of each standby diesel generator can be performed while the plant is at power 
by manually starting each standby generator and by manual synchronization to the normal 
power supply. 
 
These tests prove the operability of the electric power systems under conditions as close to 
design as practical, to assess the continuity of these systems and condition of the components. 
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Inspection and testing of electric power systems, described in Chapters 8 and 16, conform with 
Criterion 18. 
 
3.1.2.2.10  Control Room (Criterion 19) 
 
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 accidents.  Adequate radiation protection shall be provided 
to permit access and occupancy of the control room under accident conditions without 
personnel receiving radiation exposures in excess of 5 rem whole body, or its equivalent to any 
part of the body, for the duration of the accident. 
 
Equipment at appropriate locations outside the control room shall be provided (1) with a design 
capability for prompt hot shutdown of the reactor, including necessary instrumentation and 
controls to maintain the unit in a safe condition during hot shutdown, and (2) with a potential 
capability for subsequent cold shutdown of the reactor through the use of suitable procedures. 
 
Design Conformance 
 
A control room is provided and equipped to operate the plant safely under normal and accident 
conditions.  Control room shielding and ventilation are designed to permit operator occupancy of 
the control room for the duration of a design basis accident (DBA).  The Criterion 19 dose limit 
to an individual in the control room has been revised in accordance with 10CFR50.67 and will 
not exceed 5 Rem TEDE under all accident conditions. 
 
A remote shutdown panel for each unit is located in each reactor building, with equipment, 
controls, and instrumentation, provided to bring each reactor to hot standby or a cold shutdown 
in a safe manner.  The remote shutdown panels and adjacent controls are located in areas that 
are physically isolated from the control room so that any event causing the main control room to 
become inaccessible would have no effect on the availability of the remote shutdown panels 
and adjacent controls.  Also, equipment, controls, and instrumentation are located throughout 
the units to provide capability for a subsequent cold shutdown through the use of suitable 
procedures.  The main control room and the remote shutdown panels conform with Criterion 19.  
Ventilation of the main control room is described in Section 9.4, and habitability of the main 
control room is described in Section 6.4.  Remote shutdown is discussed in Subsection 7.4.1.4. 
 
3.1.2.3  Protection and Reactivity Control Systems (Group III) 
 
3.1.2.3.1  Protection System Functions (Criterion 20) 
 
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. 
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Design Conformance 
 
The reactor protection system is designed to provide timely protection against the onset and 
consequences of conditions that threaten the integrity of the fuel barrier and the RCPB barrier.  
Fuel damage is prevented by initiation of an automatic reactor shutdown if monitored nuclear 
system variables exceed pre-established limits during anticipated operational occurrences.  Trip 
settings are selected and verified to be far enough above or below operating levels to provide 
proper protection but not be subject to spurious scrams.  The reactor protection system includes 
the high inertia motor-generator power system, sensors, bypass circuitry, and switches that 
signal the control rod system to scram and shut down the reactor.  The scrams initiated by 
neutron monitoring system variables, nuclear system high pressure, turbine stop valve closure, 
turbine control valve fast closure, main steamline isolation valve closure, and reactor vessel low 
water level will prevent fuel damage following abnormal operational transients.  Specifically, 
these process parameters initiate a scram in time to prevent the core from exceeding thermal-
hydraulic safety limits during abnormal operational transients.  Additional scram trips are 
initiated by drywell high pressure and scram discharge volume high water level.  Response by 
the reactor protection system is prompt and the total scram time is short.  Control rod scram 
motion starts in about 200 milliseconds after the high flux set point is exceeded. 
 
In addition to the reactor protection system, which provides for automatic shutdown of the 
reactor to prevent fuel damage, protection systems are provided to sense accident conditions 
and initiate automatically the operation of other systems and components important to safety.  
Systems such as the ECCS are initiated automatically to limit the extent of fuel damage 
following a LOCA.  Other systems automatically isolate the reactor vessel or the primary 
containment to prevent the release of significant amounts of radioactive materials from the fuel 
and the RCPB.  The controls and instrumentation for the ECCS and the isolation systems are 
initiated automatically when monitored variables exceed preselected operational limits. 
 
The design of the protection system satisfies the functional requirements as specified in 
Criterion 20. 
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For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Reactivity Control Mechanical Design 4.1 
  
3) Control Rod Drive Housing Supports 4.5 
  
4) Overpressurization Protection 5.2 
  
5) Main Steam Line Isolation Valves 5.4 
  
6) Emergency Core Cooling System 6.3 
  
7) Reactor Protection System 7.2 
  
8) Primary Containment and Reactor Vessel 
 Isolation Control System 

7.3 

  
9) Emergency Core Cooling Systems –  
 Instrumentation and Control 

7.3 

  
10) Neutron Monitoring System 7.6 
  
11) Process Radiation Monitoring System 11.5 
  
12) Reactor Coolant Pressure Boundary Leakage 
 Detection System - Instrumentation and Controls 

7.6 

  
13) Accident Analysis 15.0 
 
3.1.2.3.2  Protection System Reliability and Testability (Criterion 21) 
 
Criterion 
 
The protection system shall be designed for high functional reliability and in-service 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. see Section 8.2. 
 
Design Conformance 
 
Reactor protection trip system design provides assurance that, through redundancy, each 
channel has sufficient reliability to fulfill the single-failure criterion.  No single component failure, 
intentional bypass, maintenance operation, calibration operation, or test to verify operational 
availability will impair the ability of the system to perform its intended safety function.  
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Additionally, the system design ensures that when a scram trip point is exceeded, there is a 
high scram probability.  However, should a scram not occur, other monitored components will 
scram the reactor if their trip points are exceeded.  There is sufficient electrical and physical 
separation between channels and between trip logics monitoring the same variable to prevent 
environmental factors, electrical transients, and physical events from impairing the ability of the 
system to respond correctly. 
 
The reactor protection trip system includes design features that permit in-service testing.  This 
ensures the functional reliability of the system should the reactor variable exceed the corrective 
action set point. 
 
The reactor protection (trip) system initiates an automatic reactor shutdown if the monitored 
plant variables exceed pre-established limits.  Each trip system has two trip channels.  An 
automatic or manual trip in either or both trip channels constitutes a trip system trip.  A scram 
results when both trip systems have tripped.  This logic scheme is called a one-out-of-two taken 
twice arrangement.  The reactor protection (trip) system can be tested during reactor operation.  
Manual scram testing is performed by operating one of the four manual scram controls.  Two 
manual scram controls are associated with each trip system, one in each trip channel.  
Operating one manual scram control tests one trip channel and one trip system.  The total test 
verifies the ability to de-energize the scram pilot valve solenoids.  Indicating lights verify that the 
actuator contacts have opened.  This capability for a thorough testing program significantly 
increases reliability. 
 
Control rod drive operability can be tested during normal reactor operation.  Drive position 
indicators and in-core neutron detectors are used to verify control rod movement.  Each control 
rod can be withdrawn one notch and then reinserted to the original position without significantly 
perturbing the nuclear system at most power levels.  One control rod is tested at a time.  Control 
rod mechanism overdrive demonstrates rod-to-drive coupling integrity.  Hydraulic supply 
subsystem pressures can be observed on control room instrumentation.  More importantly, the 
hydraulic control unit scram accumulator and the scram discharge volume level are continuously 
monitored. 
 
The main steamline isolation valves may be tested during full reactor operation. Individually, 
they can be closed to 90 percent of full open position without affecting the reactor operation. If 
reactor power is reduced sufficiently, the isolation valves may be fully closed one at a time.  
During refueling operation, valve leakage rates can be determined. 
 
RHR system testing can be performed during normal operation.  Main system pumps can be 
evaluated by taking suction from the suppression pool and discharging through test lines back 
to the suppression pool.  System design and operating procedures also permit testing the 
discharge valves to the reactor recirculation loops.  The low pressure coolant injection (LPCI) 
mode can be tested after reactor shutdown. 
 
Each active component of the ECCS provided to operate in a design basis accident (DBA) is 
designed to be operable for test purposes during normal operation of the nuclear system. 
 
The high functional reliability, redundancy, and in-service testability of the protection system 
satisfy the requirements specified in Criterion 21. 
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For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Reactivity Control System 4.1 
  
3) Main Steamline Isolation Valves 5.4 
  
4) Residual Heat Removal System 5.4 
  
5) Containment Systems 6.2 
  
6) Emergency Core Cooling Systems 6.3 
  
7) Reactor Protection System 7.2 
  
8) Engineered Safety Feature Systems 7.3 
  
9) Accident Analysis 15.0 
 
 
3.1.2.3.3  Protection System Independence (Criterion 22) 
 
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. 
 
Design Conformance 
 
The components of protection systems are designed so that the mechanical and thermal 
environment resulting from any emergency situation in which the components are required to 
function will not interfere with the operation of that function.  Wiring for the reactor protection 
system outside of the control room enclosures is run in rigid metallic wireways except beneath 
the reactor vessel as stated in Section 8.1.6.1 (Regulatory Guide 1.75 (1/75), Part 15).  No other 
wiring is run in these wireways.  The wires from duplicate sensors on a common process tap are 
run in separate wireways.  The system sensors are electrically and physically separated.  Only 
one trip actuator logic circuit from each trip system is run in the same wireway. 
 



SSES-FSAR 
Text Rev. 63 
 
 

FSAR Rev. 68 3.1-24 

The reactor protection system is designed to permit maintenance and diagnostic work while the 
reactor is operating without restricting the plant operation or hindering the output of their safety 
functions.  The flexibility in design afforded the protection system allows operational system 
testing by the use of an independent trip channel for each trip logic input.  When an essential 
monitored variable exceeds its scram trip point, it is sensed by at least two independent sensors 
in each trip system.  Maintenance operation, calibration operation, or test unless manually 
bypassed will result in a single channel trip.  This leaves at least two trip channels per monitored 
variable capable of initiating a scram.  Thus, the arrangement of two trip channels per trip 
system ensures that a scram will occur as each monitored variable exceeds its scram setting. 
 
The protection system meets the design requirements for functional and physical independence 
as specified in Criterion 22.  For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Main Steamline Isolation Valves 5.4 
  
3) Residual Heat Removal System 5.4 
  
4) Emergency Core Cooling Systems 6.3 
  
5) Reactor Protection System 7.2 
  
6) Engineered Safety Feature Systems 7.3 
  
9) Accident Analysis 15.0 
 
 
3.1.2.3.4  Protection System Failure Modes (Criterion 23) 
 
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. 
 
Design Conformance 
 
The reactor protection system is designed to fail into a safe state.  Use of an independent trip 
channel for each trip logic allows the system to sustain any trip channel failure without 
preventing other sensors monitoring the same variable from initiating a scram.  A single sensor 
or trip channel failure will cause a channel trip.  Only one trip channel in each trip system must 
be actuated to initiate a scram.  Maintenance operation, calibration operation, or test unless 
manually bypassed will result in a single channel trip.  A failure of any one reactor protection 
system input or subsystem component will produce a trip in one of two channels.  This condition 
is insufficient to produce a reactor scram, but the system is ready to perform its protective 
function upon another trip. 
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This criterion does not apply to the Alternate Rod Injection (ARI) System.  A failure of a single 
component can prevent the ARI system from completing its function of initiating control rod 
injection.  Failure of the ARI system or any of its components can not prevent the RPS trip 
system from performing its safety related function. 
 
The environmental conditions in which the instrumentation and equipment of the reactor 
protection system must operate were considered in establishing the component specifications.  
Instrumentation specifications are based on the worst expected ambient conditions in which the 
instruments must operate. 
 
The failure modes of the protection system are such that it will fail into a safe state as required 
by Criterion 23. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Emergency Core Cooling Systems 6.3 
  
3) Reactor Protection System 7.2 
  
4) Engineered Safety Feature Systems 7.3 
 
 
3.1.2.3.5  Separation of Protection and Control Systems (Criterion 24) 
 
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. 
 
Design Conformance 
 
There is separation between the reactor protection system and the process control systems.  
Sensors, trip channels, and trip logics of the reactor protection system are not used directly for 
automatic control of process systems.  Therefore, failure in the controls and instrumentation of 
process systems cannot induce failure of any portion of the protection system.  High scram 
reliability is designed into the reactor protection system and hydraulic control unit for the control 
rod drive.  The scram signal and mode of operation override all other signals. 
 
The primary containment and reactor vessel isolation control systems are designed so that any 
one failure, maintenance operation, calibration operation, or test to verify operational availability 
will not impair the functional ability of the isolation control system to respond to essential 
variables. 
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Process radiation monitoring is provided on process liquid and gas lines that may serve as 
discharge routes for radioactive materials.  Four instrumentation channels are used to prevent 
an inadvertent scram and isolation as a result of instrumentation malfunctions.  The output trip 
signals from each channel are combined in such a way that two channels must signal high 
radiation to initiate scram and main steam isolation.  
 
The protection system is separated from control systems as required in Criterion 24. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Emergency Core Cooling System 6.3 
  
3) Reactor Protection System 7.2 
  
4) Engineered Safety Feature Systems 7.3 
 
 
3.1.2.3.6  Protection System Requirements for Reactivity Control Malfunctions (Criterion 25) 
 
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. 
 
Design Conformance 
 
The reactor protection system provides protection against the onset and consequences of 
conditions that threaten the integrity of the fuel barrier and the RCPB.  Any monitored variable 
which exceeds the scram set point will initiate an automatic scram and not impair the remaining 
variables from being monitored, and if one channel fails, the remaining portions of the reactor 
protection system shall function. 
 
The reactor manual control system is designed so that no single failure can negate the 
effectiveness of a reactor scram.  The circuitry for the manual control system is independent of 
the circuitry controlling the scram valves.  This separation of the scram and normal rod control 
functions prevents failures in the reactor manual control circuitry from affecting the scram 
circuitry.  Because each control rod is controlled as an individual unit, a failure that results in 
energizing any of the insert or withdraw solenoid valves can affect only one control rod.  The 
effectiveness of a reactor scram is not impaired by the malfunctioning of any one control rod. 
 
The design of the protection system ensures that specified acceptable fuel limits are not 
exceeded for any single malfunction of the reactivity control systems as specified in Criterion 25. 
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For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Reactivity Control System 4.1 
  
3) Nuclear Design 4.3 
  
4) Thermal and Hydraulic Design 4.4 
  
5) Reactor Protection System 7.2 
  
6) Reactor Manual Control System 7.7 
  
7) Accident Analysis 15.0 
 
 
3.1.2.3.7  Reactivity Control System Redundancy and Capability (Criterion 26) 
 
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. 
 
Design Conformance 
 
Two independent reactivity control systems utilizing different design principles are provided.  
The normal method of reactivity control employs control rod assemblies which contain boron 
carbide (B4C) powder only or B4C and hafnium as neutron absorbing material.  Positive insertion 
of these control rods is provided by means of the control rod drive hydraulic system.  The 
control rods are capable of reliably controlling reactivity changes during normal operation (e.g., 
power changes, power shaping, xenon burnout, normal startup and shutdown) via operator-
controlled insertions and withdrawals.  The control rods are also capable of maintaining the core 
within acceptable fuel design limits during anticipated operational occurrences via the automatic 
scram function.  The unlikely occurrence of a limited number stuck rods during a scram will not 
adversely affect the capability to maintain the core within fuel design limits. 
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The circuitry for manual insertion or withdrawal of control rods is completely independent of the 
circuitry for reactor scram.  This separation of the scram and normal rod control functions 
prevents failures in the reactor manual control circuitry from affecting the scram circuitry.  Two 
sources of scram energy (accumulator pressure and reactor vessel pressure) provide needed 
scram performance over the entire range of reactor pressure, i.e., from operating conditions to 
cold shutdown.  The design of the control rod system includes appropriate margin for 
malfunctions such as stuck rods in the highly unlikely event that they do occur.  Control rod 
withdrawal sequences and patterns are selected prior to operation to achieve optimum core 
performance, and simultaneously, low individual rod worths.  Because of the carefully planned 
and regulated rod withdrawal sequence, prompt shutdown of the reactor can be achieved with 
the insertion of a small number of the many independent control rods.  In the event that a 
reactor scram is necessary, the unlikely occurrence of a limited number of stuck rods will not 
hinder the capability of the control rod system to render the core subcritical. 
 
The second independent reactivity control system is provided by the reactor coolant 
recirculation system.  By varying reactor flow, it is possible to affect the type of reactivity 
changes necessary for planned, normal power changes (including xenon burnout).  In the 
unlikely event that reactor flow is suddenly increased to its maximum value (pump runout), the 
core will not exceed fuel design limits because the power flow map defines the allowable initial 
operating states such that the pump runout will not violate these limits. 
 
The control rod system is capable of holding the reactor core subcritical under cold conditions, 
even when the control rod of highest worth is assumed to be stuck in the fully withdrawn 
position.  This shutdown capability of the control rod system is made possible by designing the 
fuel with burnable poison (Gd2O3) to control the high reactivity of fresh fuel.  In addition, the 
Standby Liquid Control System is available to add soluble boron to the core and render it 
subcritical, as discussed in Subsection 3.l.2.3.8. 
 
The redundancy and capabilities of the reactivity control systems for the BWR satisfy the 
requirements of Criterion 26. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Reactivity Control System 4.1 
  
3) Engineered Safety Feature System 7.3 
  
4) Standby Liquid Control System -  
 Instrumentation and Control 

7.4 

  
5) Reactor Manual Control System 7.7 
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3.1.2.3.8  Combined Reactivity Control Systems Capability (Criterion 27) 
 
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. 
 
Design Conformance 
 
There is no credible event applicable to the BWR which requires combined capability of the 
control rod system and poison additions by the emergency core cooling network.  The BWR 
design is capable of maintaining the reactor core subcritical, including allowance for a stuck rod, 
without addition of any poison to the reactor coolant.  The primary reactivity control system for 
the BWR during postulated accident conditions is the control rod system.  Abnormalities are 
sensed, and, if protection system limits are reached, corrective action is initiated through 
automatic insertion of control rods.  High integrity of the protection system is achieved through 
the combination of logic arrangement, actuator redundancy, power supply redundancy, and 
physical separation.  High reliability of reactor scram is further achieved by separation of scram 
and manual control circuitry, individual control units for each control rod, and fail-safe design 
features built into the rod drive system.  Response by the reactor protection system is prompt 
and the total scram time is short. 
 
In the very unlikely event that more than one control rod fails to insert, and the core cannot be 
maintained in a subcritical condition by control rods alone as the reactor is cooled down 
subsequent to initial shutdown, the Standby Liquid Control System (SLCS) will be actuated to 
insert soluble boron into the reactor core.  The SLCS has sufficient capacity to ensure that the 
reactor can always be maintained subcritical; and hence, only decay heat will be generated by 
the core which can be removed by the Residual Heat Removal System, thereby ensuring that 
the core will always be coolable. 
 
The design of the reactivity control systems assures reliable control of reactivity under 
postulated accident conditions with appropriate margin for stuck rods.  Anticipated Transients 
without scram are discussed in Section 15.8.  The capability to cool the core is maintained 
under all postulated accident conditions; thus, Criterion 27 is satisfied.  
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 

2) Reactivity Control System 4.1 

3) Nuclear Design 4.3 

4) Thermal and Hydraulic Design 4.4 

5) Reactor Protection System 7.2 

6) Reactor Manual Control System 7.7 

7) Accident Analysis 15.0 
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3.1.2.3.9  Reactivity Limits (Criterion 28) 
 
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, steamline rupture, changes in reactor coolant temperature and pressure, and cold 
water addition. 
 
Design Conformance 
 
The control rod system design incorporates appropriate limits on the potential amount and rate 
of reactivity increase.  Control rod withdrawal sequences and patterns are selected to achieve 
optimum core performance and low individual rod worths.  The rod worth minimizer system 
prevents withdrawal other than by the preselected rod withdrawal pattern.  The rod worth 
minimizer system function assists the operator with an effective backup control rod monitoring 
routine that enforces adherence to established startup, shutdown, and low power level 
operations control rod procedures. 
 
The control rod mechanical design incorporates a hydraulic velocity limiter in the control rod 
which prevents rapid rod ejection.  This engineered safety feature protects against a high 
reactivity insertion rate by limiting the control rod velocity to less than or equal to 3.11 fps.  
Normal rod movement is limited to 6 in. increments and the rod withdrawal rate is limited 
through the hydraulic valve to 3 in./sec. 
 
The accident analysis (Chapter 15) evaluates the postulated reactivity accidents as well as 
abnormal operational transients.  Analyses are included for rod dropout, steamline rupture, 
changes in reactor coolant temperature and pressure, and cold water addition.  The initial 
conditions, assumptions, calculational models, sequences of events, and anticipated results of 
each postulated occurrence are covered in detail.  The results of these analyses indicate that 
none of the postulated reactivity transients or accidents results in damage to the RCPB.  In 
addition, the integrity of the core, its support structures, or other reactor pressure vessel 
internals are maintained so that the capability to cool the core is not impaired for any of the 
postulated reactivity accidents described in the accident analysis. 
 
The design features of the reactivity control system, which limit the potential amount and rate of 
reactivity increase, ensure that Criterion 28 is satisfied for all postulated reactivity accidents. 
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For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 

2) Control Rod Drive Systems 3.9.4 

3) Reactor Core Support Structures and Internals 
 Mechanical Design 

4.2 

4) Reactivity Control System 4.1 

5) Nuclear Design 4.3 

6) Control Rod Drive Housing Supports 4.5 

7) Overpressurization Protection 5.2 

8) Reactor Vessel and Appurtenances 5.3 

9) Main Steam Line Flow Restrictor 5.4 

10) Main Steam Line Isolation Valves 5.4 

11) Process Computer System 7.5 

12) Accident Analysis 15.0 
 
 
3.1.2.3.10  Protection Against Anticipated Operational Occurrences (Criterion 29) 
 
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. 
 
Design Conformance 
 
The high functional reliability of the protection and reactivity control systems is achieved through 
the combination of logic arrangement, redundancy, physical and electrical independence, 
functional separation, fail-safe design, and in-service testability.  These design features are 
discussed in detail in Subsections 3.1.2.3.2, 3.1.2.3.3, 3.1.2.3.4, 3.1.2.3.5 and 3.1.2.3.7. 
 
An extremely high reliability of timely response to anticipated operational occurrences is 
maintained by a thorough program of in-service testing and surveillance.  Active components 
can be tested or removed from service for maintenance during reactor operation without 
compromising the protection or reactivity control functions even in the event of a subsequent 
single failure.  Components important to safety, such as control rod drives, main steamline 
isolation valves, RHR pumps, are tested during normal reactor operation.  Functional testing 
and calibration schedules are developed using available failure rate data, reliability analyses, 
and operating experience.  These schedules represent an optimization of protection and 
reactivity control system reliability by considering, on one hand, the failure probabilities of 
individual components and, on the other hand, the reliability effects during individual component 
testing on the portion of the system not undergoing test.  The capability for in-service testing 
ensures the high functional reliability of protection and reactivity control systems should a 
reactor variable exceed the corrective action set point. 
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The capabilities of the protection and reactivity control systems to perform their safety functions 
in the event of anticipated operational occurrences are satisfied in agreement with the 
requirements of Criterion 29. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Main Steam Line Isolation Valves 5.4 
  
3) Residual Heat Removal System 5.4 
  
4) Containment Systems 6.2 
  
5) Emergency Core Cooling Systems 6.3 
  
6) Reactor Protection System 7.2 
  
7) Engineered Safety Feature Systems 7.3 
  
8) Accident Analysis 15.0 
 
 
3.1.2.4  Fluid Systems (Group IV) 
 
3.1.2.4.1  Quality of Reactor Coolant Pressure Boundary (Criterion 30) 
 
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. 
 
Design Conformance 
 
By utilizing conservative design practices and detailed quality control procedures, the pressure 
retaining components of the RCPB are designed and fabricated to retain their integrity during 
normal and postulated accident conditions.  Accordingly, components that comprise the RCPB 
are designed, fabricated, erected, and tested in accordance with recognized industry codes and 
standards listed in Chapter 5.  Furthermore, product and process planning is provided as 
described in Chapter 17 (operation phase) and Appendix D of the PSAR (construction phase) to 
ensure conformance with the applicable codes and standards, and to retain appropriate 
documented evidence verifying compliance.  Because the subject matter of this criterion deals 
with aspects of the RCPB, further discussion on this subject is treated in the response to 
Subsection 3.1.2.2.5. 
 
Means are provided for detecting reactor coolant leakage.  The leak detection system consists 
of sensors and instruments to detect, annunciate, and in some cases, isolate the RCPB from 
potentially hazardous leaks before predetermined limits are exceeded.  Small leaks are 
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detected by temperature and pressure changes, increased frequency of sump pump operation, 
and by measuring fission product concentration.  In addition to these means of detection, large 
leaks are detected by changes in flow rates in process lines, and changes in reactor water level.  
The allowable leakage rates have been based on the predicted and experimentally determined 
behavior of cracks in pipes, the ability to make up coolant system leakage, the normally 
expected background leakage due to equipment design, and the detection capability of the 
various sensors and instruments.  The total leakage rate limit is established so that, in the 
absence of normal AC power with a loss of feedwater supply, makeup capabilities are provided 
by the RCIC system.  While the RCIC system provides protection from small leaks, the ECCS 
network provides protection for the complete range of discharges from ruptured pipes.  Thus, 
protection is provided for the full spectrum of possible discharges. 
 
The RCPB and the leak detection system are designed to meet the requirements of Criterion 
30. 
 
For further discussion, see the following sections: 
 
1) Principal Design Criteria 1.2.1 
  
2) Design Criteria - Structure, Components, 
 Equipment, and Systems 

3.1 

  
3) Overpressurization Protection 5.2 
  
4) Reactor Coolant Pressure Boundary Leakage 
 Detection System 

5.2 

  
5) Reactor Vessel and Appurtenances 5.3 
  
6) Reactor Recirculation System 5.4 
  
7) Reactor Vessel - Instrumentation and Control 7.3 
  
8) Reactor Coolant Pressure Boundary Leakage 
 Detection System - Instrumentation and Control 

7.6 

  
9) Quality Control System 17.0 
 
 
3.1.2.4.2  Fracture Prevention of Reactor Coolant Pressure Boundary (Criterion 31) 
 
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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Design Conformance 
 
Brittle fracture control of pressure retaining ferritic materials is provided to ensure protection 
against nonductile fracture.  To minimize the possibility of brittle fracture failure of the reactor 
pressure vessel, the reactor pressure vessel is designed to meet the requirements of ASME 
Code, Section III, Appendix G, which consider material properties, steady-state and transient 
stresses, and the size of flaws. 
 
The nil-ductility transition (NDT) temperature is defined as the temperature below which ferritic 
steel breaks in a brittle rather than ductile manner.  The NDT temperature increases as a 
function of neutron exposure at integrated neutron exposures greater than about 1 x 1017 nvt 
with neutrons of energies in excess of 1 MeV. 
 
The reactor assembly design provides an annular space from the outermost fuel assemblies to 
the inner surface of the reactor vessel that serves to attenuate the fast neutron flux incident 
upon the reactor vessel wall.  This annular volume contains the core shroud, jet pump 
assemblies, and reactor coolant.  Assuming plant operation at rated power and availability of 
100 percent for the plant lifetime, the neutron fluence at the inner surface of the vessel causes a 
slight shift in the transition temperature.  Expected shifts in transition temperature during design 
life as a result of environmental conditions, such as neutron flux, are considered in the design.  
Operational limitations assume that NDT temperature shifts are accounted for in the reactor 
operation. 
 
The RCPB is designed, maintained, and tested such that adequate assurance is provided that 
the boundary will behave in a nonbrittle manner throughout the life of the plant.  Therefore, the 
RCPB is in conformance with Criterion 31. 
 
For further discussion, see the following sections: 
 
1) Design Criteria - Structures, Components, 
 Equipment, and Systems 

3.1 

  
2) Material Considerations 5.2 
  
3) Reactor Vessel and Appurtenances 5.3 
 
 
3.1.2.4.3  Inspection of Reactor Coolant Pressure Boundary (Criterion 32) 
 
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. 
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Design Conformance 
 
The reactor pressure vessel design and engineering effort includes provisions for in-service 
inspection.  Removable plugs in the reactor shield and/or removable panels in the insulation 
provide access for examination of the vessel and its appurtenances.  Also, removable insulation 
is provided on the reactor coolant system safety relief valves, recirculation system, and on the 
main steam and feedwater systems extending out to and including the first isolation valve 
outside the containment.  Inspection of the RCPB is in accordance with the ASME Boiler and 
Pressure Vessel Code, Section XI.  Subsection 5.2.4 defines the in-service inspection plan, 
access provisions, and areas of restricted access. 
 
The reactor recirculation piping and main steam piping are hydrostatically tested, with the 
reactor pressure vessel at a test pressure that is in accordance with Section III of the ASME 
Code. 
 
Vessel material surveillance samples are located within the reactor pressure vessel. The 
program includes specimens of the base metal, weld metal, and heat affected zone metal. 
 
The plant testing and inspection program ensure that the requirements of Criterion 32 will be 
met. 
 
For further discussion, see the following sections: 
 
1) Design Criteria - Structures, Components, 
 Equipment, and Systems 

3.1 

  
2) Reactor Coolant Pressure Boundary Leakage 
 Detection System 

5.2 

  
3) In-service Inspection 5.2.4 
  
4) Reactor Vessel and Appurtenances 5.3 
  
5) Reactor Recirculation System 5.4 
 
 
3.1.2.4.4  Reactor Coolant Makeup (Criterion 33) 
 
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 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. 
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Design Conformance 
 
The plant is designed to provide ample reactor coolant makeup for protection against small 
leaks in the RCPB for anticipated operational occurrences and postulated accident conditions.  
The design of these systems meets the requirements of Criterion 33. 
 
For further discussion, see the following sections: 
 
1) Reactor Coolant Pressure Boundary Leakage 
 Detection Systems 

5.2 

2) Emergency Core Cooling System 6.3 

3) Reactor Vessel - Instrumentation and Control 7.3 

4) Makeup Demineralizer System 9.2 

5) Condensate Storage and Transfer System 9.2 
 
3.1.2.4.5  Residual Heat Removal (Criterion 34) 
 
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. 
 
Design Conformance 
 
RHR system provides the means to remove decay heat and residual heat from the nuclear 
system so that refueling and nuclear system servicing can be performed. 
 
Major RHR system equipment consists of two heat exchangers and four main system pumps.  
The equipment is connected by associated valves and piping, and the controls and 
instrumentation are provided for proper system operation. 
 
Two independent loops are located in separate protected areas. 
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The RHR system is designed for four modes of operation: 
 
a) Shutdown cooling 
 
b) Suppression pool cooling (also containment spray) 
 
c) Low pressure coolant injection. 
 
d) Fuel Pool Cooling 
 
Both normal AC power and the auxiliary onsite power system provide adequate power to 
operate all the auxiliary loads necessary for plant operation.  The power sources for the plant 
auxiliary power system are sufficient in number, and of such electrical and physical 
independence that no single probable event could interrupt all auxiliary power at one time.  
However, in the event of a loss of offsite power, all normal AC power and auxiliary onsite power 
will be interrupted. 
 
The plant auxiliary buses supplying power to engineered safety features and reactor protection 
systems and auxiliaries required for safe shutdown are connected by appropriate switching to 
the four aligned standby diesel-driven generators located in the plant.  Each power source, up to 
the point of its connection to the auxiliary power buses, is capable of complete and rapid 
isolation from any other source. 
 
Loads important to plant operation and safety are split and diversified between switchgear 
sections, and means are provided for detection and isolation of system faults. 
 
The plant layout is designed to effect physical separation of essential bus sections, standby 
generators, switchgear, interconnections, feeders, power centers, motor control centers, and 
other system components. 
 
Four standby diesel generators (A, B, C, and D) and a spare diesel generator (E), which can be 
manually realigned as a replacement for any one of the other four diesel generators are 
provided.  These diesel generators supply a source of electrical power which is self-contained 
within the plant and is not dependent on external sources of supply.  The standby generators 
produce AC power at a voltage and frequency compatible with the normal bus requirements for 
essential equipment within the plant.  The standby diesel generator system is highly reliable.  
Any three aligned diesel generators are adequate to start and carry the essential loads required 
for a safe and orderly shutdown. 
 
The RHR system is adequate to remove residual heat from the reactor core to ensure fuel and 
RCPB design limits are not exceeded.  Two RHR cooling loops are designed to provide the 
normal RHR shutdown cooling (SDC) function.  When operating in this mode, both of the SDC 
loops take suction from the reactor vessel via the reactor recirculation system (RRS) Loop "B" 
suction piping.  Either loop is capable of bringing the reactor to a safe shutdown condition.  In 
the event of a loss of the normal SDC suction flow path from the RRS "B" Loop, an alternate 
SDC function of RHR can be aligned to bring the unit to safe shutdown.  Refer to Section 5.4 of 
the FSAR for additional information. 
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Use of RHR in the Fuel Pool Cooling mode will not adversely impact the ability of RHR to 
perform reactor core cooling functions as discussed in Subsections 5.4.7.1.1.6, 5.4.7.2.6c, 
9.1.3.1c and 9.1.3.3.  Redundant onsite electric power systems are provided.  The design of the 
RHR system, including its power supply, meets the requirements of Criterion 34. 
 
 
For further discussion, see the following sections: 
 
1) Residual Heat Removal System 5.4 
  
2) Emergency Core Cooling Systems 6.3 
  
3) Emergency Core Cooling Systems - 
 Instrumentation and Control 

7.3 

  
4) Auxiliary Power System 8.3 
  
5) Standby AC Power Supply and Distribution 8.3 
  
6) ESW and RHRSW 9.2 
  
7) Accident Analysis 15.0 
 
 
3.1.2.4.6  Emergency Core Cooling (Criterion 35) 
 
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. 
 
Design Conformance 
 
The Emergency Core Cooling Systems (ECCS) consist of the following: 
 
a) High Pressure Coolant Injection (HPCI) System 
 
b) Automatic Depressurization System (ADS)  
 
c) Core Spray (CS) System 
 
d) Low Pressure Coolant Injection (LPCI) (an operating mode of the RHR system). 
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The ECCS are designed to limit fuel cladding temperature over the complete spectrum of design 
break sizes in the RCPB, including a complete and sudden circumferential rupture of the largest 
pipe connected to the reactor vessel. 
 
The HPCI system consists of a steam turbine, a constant-flow pump, system piping, valves, 
controls and instrumentation.  The HPCI system is provided to ensure that the reactor core is 
adequately cooled to prevent excessive fuel clad temperatures for breaks in the nuclear system 
that do not result in rapid depressurization of the reactor vessel.  A source of water is available 
from either the condensate storage tank or the suppression pool. 
 
The Automatic Depressurization System functions to reduce the reactor pressure so that flow 
from LPCI and CS enters the reactor vessel in time to cool the core and prevent excessive fuel 
clad temperature.  The Automatic Depressurization System uses several of the nuclear system 
pressure relief valves to relieve the high pressure steam to the suppression pool. 
 
Each of two Core Spray Systems consists of two centrifugal pumps that can be powered by 
normal auxiliary power or the standby a-c power system; a spray sparger in the reactor vessel, 
piping and valves to convey water from the suppression pool to the sparger; and associated 
controls and instrumentation.  In case of low water level in the reactor vessel or high pressure in 
the drywell and low reactor vessel pressure, the core spray system automatically sprays water 
onto the top of the fuel assemblies in time and at a sufficient flow rate to cool the core and 
prevent excessive fuel temperature.  The LPCI system starts from the same signals which 
initiate the CS System and operates independently to achieve the same objective by flooding 
the reactor vessel. 
 
In case of low water level in the reactor or high pressure in the drywell and low reactor vessel 
pressure, the LPCI mode of operation of the RHR System pumps water into the reactor vessel 
in time to flood the core and prevent excessive fuel temperature.  Protection provided by LPCI 
extends to a small break, where the Automatic Depressurization System operates to lower the 
reactor vessel pressure. 
 
Results of the performance of the ECCS for the entire spectrum of line breaks are discussed in 
Section 6.3.  Peak cladding temperatures are below the 2200°F design basis. 
 
Also provided in Section 6.3 is an analysis to show that the ECCS conform to 10CFR50, 
Appendix K.  This analysis shows complete compliance with the final acceptance criteria with 
the following results: 
 
a) Peak clad temperatures are below the 2200°F NRC acceptability limit, 
 
b) The amount of fuel cladding reacting with steam is below the 1 percent acceptability 

limit, 
 
c) The clad temperature transient is terminated while core geometry is amenable to 

cooling, and 
 
d) The core temperature is reduced and the decay heat can be removed for an extended 

period. 
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The redundancy and capability of the onsite electrical power systems for the ECCS are 
represented in Subsection 3.1.2.4.5. 
 
The ECCS provided are adequate to prevent fuel and clad damage that could interfere with 
effective core cooling and to limit clad metal-water reaction to a negligible amount.  The design 
of the ECCS, including their power supply, meets the requirements of Criterion 35. 
 
 
For further discussion, see the following sections: 
 
1) Residual Heat Removal System 5.4 

2) Suppression Pool 6.2 

3) Emergency Core Cooling Systems 6.3 

4) Emergency Core Cooling Systems -  
 Instrumentation and Control 

7.3 

5) Auxiliary Power Systems 8.3 

6)  Standby AC Power Supply and Distribution 8.3 

7)  ESW and RHRSW Systems 9.2 

8) Accident Analysis 15.0 
 
3.1.2.4.7  Inspection of Emergency Core Cooling System (Criterion 36) 
 
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. 
 
Design Conformance 
 
The ECCS discussed in Subsection 3.1.2.4.6 include in-service inspection considerations.  The 
spray spargers within the vessel are accessible for inspection during each refueling outage.  
The primary shield wall and RPV insulation allow access for examination of nozzles.  
Removable insulation is provided on the ECCS piping out to and including the first isolation 
valve outside the primary containment.  Inspection of the ECCS is in accordance with the intent 
of Section XI of the ASME Code.  Section 5.2 defines the in-service inspection plan, access 
provisions, and areas of restricted access. 
 
During plant operations, the pumps, valves, piping, instrumentation, wiring, and other 
components outside the drywell can be visually inspected at any time.  Components inside the 
drywell can be inspected when the drywell is open for access.  When the reactor vessel is open, 
for refueling or other purposes, the spargers and other internals can be inspected.  Portions of 
the ECCS that are part of the RCPB are designed to specifications for in-service inspection, to 
detect defects that might affect the cooling performance.  Particular attention will be given to the 
reactor nozzles, CS, and feedwater spargers.  The design of the reactor vessel and internals for 
in-service inspection, and the plant testing and inspection program ensures that the 
requirements of Criterion 36 will be met. 
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For further discussion, see the following sections: 
 
1) Reactor Core Support Structures and 
 Internals Mechanical Design 

4.2 

  
2) In-service Inspection Program (RCPB) 5.2 
  
3) Reactor Vessel and Appurtenances 5.3 
  
4) Emergency Core Cooling Systems 6.3 
  
5) In-service Inspection of Class 2 and 
 3 Components 

6.6 

 
 
3.1.2.4.8  Testing of Emergency Core Cooling System (Criterion 37) 
 
Criterion 
 
The ECCS 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. 
 
Design Conformance 
 
The ECCS consists of the HPCI system, ADS, LPCI mode of the RHR system, and CS system.  
Each of these systems is provided with sufficient test connections and isolation valves to permit 
appropriate periodic pressure testing to ensure the structural and leaktight integrity of its 
components. 
 
The HPCI, CS, LPCI, and the ADS are designed to permit periodic testing to ensure the 
operability and performance of the active components of each system. 
 
The pumps and valves of these systems will be tested periodically to verify operability.  Flow 
rate tests will be conducted on CS, LPCI, and HPCI systems. 
 
All the ECCS will be tested to verify the performance of the full operational sequence that brings 
each system into operation.  The operation of the associated cooling water systems is 
discussed in Subsection 3.1.2.4.15.  It is concluded that the requirements of Criterion 37 are 
met. 
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For further discussion, see the following sections: 
 
1) In-service Testing of Pumps and Valves 3.9 
  
2) Overpressurization Protection 5.2 
  
3) ECCS Inspection and Testing 6.3 
  
4) ECCS - Instrumentation and Control 7.3 
  
5) Standby AC Power System 8.3 
  
6) Technical Specifications 16.0 
 
3.1.2.4.9  Containment Heat Removal (Criterion 38) 
 
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 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. 
 
Design Conformance 
 
In the event of a LOCA the pressure suppression system will rapidly condense the steam to 
prevent containment overpressure.  The containment feature of pressure suppression employs 
two separate compartmented sections of the primary containment: the drywell that houses the 
nuclear system, and the suppression chamber containing a large volume of water.  Any 
increase in pressure in the drywell from a leak in the nuclear system is relieved below the 
surface of the suppression pool by connecting vent lines, thereby condensing steam being 
released or formed by flashing, in the drywell.  The pressure buildup in the suppression 
chamber is equalized with the drywell by a vent line and vacuum breaker arrangement.  Cooling 
systems remove heat from the reactor core, the drywell, and the suppression pool during 
accident conditions, and thus provide continuous cooling of the primary containment. 
 
The ECCS is actuated to provide core cooling in the event of a LOCA.  Low water level in the 
reactor vessel or high pressure in the drywell will initiate the ECCS to prevent excessive fuel 
temperature.  Sufficient water is provided in the suppression pool to accommodate the initial 
energy that can transiently be released into the drywell from the postulated pipe failure. 
 
The suppression chamber is sized to contain this water plus the water displaced from the 
reactor primary system together with the free air initially contained in the drywell. 
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Either or both RHR heat exchangers can be manually activated to remove energy from the 
containment.  The redundancy and capability of the offsite and onsite electrical power systems 
for the residual heat removal system are presented in Criterion 34 design conformance. 
 
The pressure suppression system is capable of rapid containment pressure and temperature 
reduction following a LOCA so that design limits are not exceeded.  Redundant offsite and 
onsite electrical power systems ensure that system safety functions can be accomplished.  The 
design of the containment heat removal system meets the requirements of Criterion 38. 
 
For further discussion, see the following sections: 
 
 
1) Residual Heat Removal System 5.4 
  
2) Containment Systems 6.2 
  
3) Emergency Core Cooling Systems 6.3 
  
4) Emergency Core Cooling Systems Control and 
 Instrumentation 

7.3 

  
5) Auxiliary Power System 8.3 
  
6) Standby AC Power Supply and Distribution 8.3 
  
7) ESW and RHRSW Systems 9.2 
  
8) Accident Analysis 15.0 
 
 
3.1.2.4.10  Inspection of Containment Heat Removal System (Criterion 39) 
 
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. 
 
Design Conformance 
 
Provisions are made to facilitate periodic inspections of active components and other important 
equipment of the containment heat removal system.  During plant operations, the pumps, 
valves, piping, instrumentation, wiring, and other components outside the primary containment 
can be visually inspected at any time and will be inspected periodically.  The testing frequencies 
of most components will be correlated with the component inspection. 
 
The pressure suppression pool is designed to permit appropriate periodic inspection.  Space is 
provided for inspection and maintenance. 
 
The containment heat removal system is designed to permit periodic inspection of major 
components.  This design meets the requirements of Criterion 39.  
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For further discussion, see the following sections: 
 
1) Residual Heat Removal System 5.4 
  
2) Containment Systems 6.2 
  
3) Emergency Core Cooling Systems 6.3 
  
4) ESW and RHRSW Systems 9.2 
3.1.2.4.11  Testing of Containment Heat Removal System (Criterion 40) 
 
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. 
 
Design Conformance 
 
The containment heat removal function is accomplished by the containment cooling mode of the 
RHR system. 
 
The RHR system is provided with sufficient test connections and isolation valves to permit 
periodic pressure and flow rate testing. 
 
The pumps and valves of the RHR will be operated periodically to verify operability.  The 
containment cooling mode is not automatically initiated, but operation of the components is 
periodically verified.  The operation of associated cooling water systems is discussed in 
Subsection 9.2.5 and 9.2.6.  It is concluded that the requirements of Criterion 40 are met. 
 
3.1.2.4.12  Containment Atmosphere Cleanup (Criterion 41) 
 
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 quality 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. 
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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 
electric power system operation (assuming onsite power is not available) its safety function can 
be accomplished, assuming a single failure. 
 
Design Conformance 
 
Fission products, hydrogen, oxygen, and other substances released from the reactor are 
contained within the primary containment.  Leakage from the primary containment during normal 
plant operation enters the reactor building (secondary containment).  This leakage is discharged 
from the reactor building through the exhaust system during normal operation.  Leakage from 
the primary containment following the LOCA is limited by the Standby Gas Treatment System 
(SGTS) (Subsection 6.5.1) and the Main Steam Isolation Valve - Leakage Isolated Condenser 
Treatment Method (Section 6.7) such that the dose guidelines of 10CFR50.67 are not 
exceeded.  Leakage  from primary containment  which bypasses secondary containment is 
maintained within the dose analysis limits as discussed in Subsection 6.2.3.2.3.  An air 
recirculation system is provided to cool and mix the drywell atmosphere during normal 
operation, and mix the drywell air following a LOCA.  The containment atmosphere is also 
inerted during normal plant operation. 
 
 
The air recirculation system has sufficient redundancy to be able to withstand a single failure 
and is operable from either onsite or offsite power. 
 
The  SGTS system has redundancy and will meet the single failure criteria imposed by 
Regulatory Guide 1.52, Design, Testing, and Maintenance Criteria for  Engineering-Safety-
Feature Atmosphere Cleanup system Air Filtration and Adsorption Units of  Light-Water-Nuclear 
Cooled Power Plants, Revision 1 with either onsite or offsite power. 
 
3.1.2.4.13  Inspection of Containment Atmosphere Cleanup Systems (Criterion 42) 
 
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. 
 
Design Conformance 
 
The SGTS, post accident recombiner, and purge systems are designed to permit appropriate 
periodic inspection of the important components (Subsections 6.5.1 and 6.2.5, respectively). 
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3.1.2.4.14  Testing of Containment Atmosphere Cleanup Systems (Criterion 43) 
 
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 the associated systems. 
 
Design Conformance 
 
The SGTS, post accident recombiner, and purge systems are designed to permit periodic 
pressure and functional testing of their components (Subsections 6.5.1 and 6.2.5, respectively). 
 
3.1.2.4.15  Cooling Water (Criterion 44) 
 
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 operation 
(assuming onsite power is not available) the system's safety function can be accomplished, 
assuming a single failure. 
 
Design Conformance 
 
The emergency safeguard service water system, which comprises both the Emergency Service 
Water system and the Residual Heat Removal Service Water system, provides cooling water for 
the removal of excess heat from structures, systems, and components which are necessary to 
maintain safety during all abnormal and accident conditions.  These include the standby diesel 
generators, the RHR pump motor bearing oil coolers, the core spray pump room unit coolers, 
RCIC pump room unit coolers, the HPCI pump room unit coolers, the RHR heat exchangers, 
RHR pump room unit coolers, Unit 2 DX Unit, and the control structure chiller.  It also provides 
water to the RHR pump motor bearing oil coolers and above mentioned room unit coolers 
during a Seismic Event to support operation of the RHR Fuel Pool Cooling (RHR FPC) mode.  
Make-up water to the Spent Fuel Pool (SFP) is provided during a seismic event in order to make 
up for evaporative losses and filling of the SFP in support of RHRFPC.  RHRSW provides the 
cooling water to the RHR heat exchangers for the RHRFPC mode. 
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The engineered safeguard service water system is designed to Seismic Category I 
requirements.  Redundant safety related components served by the engineered safeguard 
service water system are supplied through redundant supply headers and returned through 
redundant discharge or return lines.  Electric power for operation of redundant safety related 
components of this system is supplied from separate independent offsite and redundant onsite 
standby power sources.  No single failure renders these systems incapable of performing their 
safety functions. 
 
Referenced Subsections are as follows: 
 
1) AC Power Systems 8.3.1 

2) Emergency Service Water System 9.2.5 

3) RHR Service Water System 9.2.6 

4) Ultimate Heat Sink 9.2.7 
 
 
 
3.1.2.4.16  Inspection of Cooling Water System (Criterion 45) 
 
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. 
 
Design Conformance 
 
The engineered safeguard service water systems (ESW and RHRSW Systems) are designed to 
permit appropriate periodic inspection in order to ensure the integrity of system components. 
 
Referenced Subsections are as follows: 
 
1) Emergency Service Water System 9.2.5 
  
2) RHR Service Water System 9.2.6 
 
 
3.1.2.4.17  Testing of Cooling Water System (Criterion 46) 
 
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 accidents, including operation of applicable portions of the protection system and 
the transfer between normal and emergency power sources. 
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Design Conformance 
 
The emergency safeguard service water system is in operation during normal shutdown.  The 
system is tested once per month when the diesel generators are tested.  These systems are 
designed to the extent practicable to permit demonstration of operability of the systems as 
required for operation during a LOCA or a loss of offsite power. 
 
Referenced Subsections are as follows: 
 
1) Emergency Service Water System 9.2.5 
  
2) RHR Service Water System 9.2.6 
 
3.1.2.5  Reactor Containment (Group V) 
 
3.1.2.5.1  Containment Design Basis (Criterion 50) 
 
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 10CFR50.44, 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. 
 
Design Conformance 
 
The primary containment structure, including access openings, penetrations and the 
containment heat removal system, is designed so that the containment structure and its internal 
compartments can withstand, without exceeding the design leakage rate, the peak accident 
pressure and temperature that could occur during any postulated LOCA.  Sections 3.8 and 6.2 
have detailed information that demonstrates compliance with Criterion 50. 
 
3.1.2.5.2  Fracture Prevention of Containment Pressure Boundary (Criterion 51) 
 
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. 
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Design Conformance 
 
The primary containment boundary is designed to the load combination shown in Section 3.8, 
which covers the operational, testing, and postulated accident conditions.  Each condition 
results in a stress level that is related to its corresponding temperature and is the basis for 
comparison with the allowable limits. 
 
The ferritic steel used for the primary containment boundary is specified so that the toughness 
of the material meets the above established conditions.  Adequate toughness at 0°F or lower 
has been verified by drop weight tear testing or by Charpy V-notch testing to demonstrate 
minimum energy absorption of ASME III, Table N-421.  This will ensure nonbrittle behavior and 
minimize the probability of a rapidly propagating fracture under the above established 
conditions. 
 
The weld procedure qualification ensures that the toughness of the weld metal and heat 
affected zones follow the same criteria as for the base metal. 
Since the primary containment is located within the reactor building the possibility of brittle 
fracture of ferritic material under low temperature is considerably reduced. 
 
Additional information on compliance with GDC 51 has been provided in letters from Mr. N. W. 
Curtis to Mr. A. Schwencer (NRC) dated June 16 and July 16, 1981. 
 
3.1.2.5.3  Capability for Containment Leakage Rate Testing (Criterion 52) 
 
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. 
 
Design Conformance 
 
The primary containment structure and related equipment, which are subjected to containment 
test conditions, are designed so that periodic integrated leakage rate testing, as described in 
Subsection 6.2.6, can be conducted at containment design pressure. 
 
3.1.2.5.4  Provisions for Containment Testing and Inspection (Criterion 53) 
 
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 leak tightness of penetrations which have resilient 
seals and expansion bellows. 
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Design Conformance 
 
The primary containment is designed to permit appropriate periodic inspection of all 
penetrations.  The design includes provisions for periodic testing at containment design 
pressure of the leaktightness of all electrical penetrations, the drywell head and access hatches, 
as described in Subsection 6.2.6.  The process line penetrations are of welded steel 
construction without expansion bellows, gaskets, or sealing compounds and are an integral part 
of the construction.  They are tested during the containment integrated leak rate tests.  Separate 
leak tests of the process line penetrations are therefore not considered necessary. 
The above design provisions, in conjunction with the leakage monitoring system as described in 
Subsection 6.2.6, allows appropriate surveillance of the leaktight conditions inside the primary 
containment. 
 
3.1.2.5.5  Piping Systems Penetrating Containment (Criterion 54) 
 
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. 
 
Design Conformance 
 
Piping systems penetrating the primary containment are provided with isolation valves.  The 
only exception is the penetration for instrument piping associated with the containment pressure 
monitors.  Compliance for these instrument lines is discussed in Subsection 6.2.4.3.5.  
Provisions, as described in Subsection 6.2.1, are made to permit leakage testing of the isolation 
valves.  Isolation valves are discussed in Sections 7.3 and 6.2.4. 
 
By increased temperature, radiation, and/or drain sump flow, major leaks in the pipes are 
located.  Isolation signals are discussed in Section 7.3. 
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3.1.2.5.6  Reactor Coolant Pressure Boundary Penetrating Containment (Criterion 55) 
 
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: 
 
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. 
 
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 in-service 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. 
 
Design Conformance 
 
The reactor coolant pressure boundary (as defined in 10CFR50, Section 50.2) consists of the 
reactor pressure vessel, pressure retaining appurtenances attached to the vessel, valves and 
pipes which extend from the reactor pressure vessel up to and including the outermost 
containment isolation valve.  The lines of the reactor coolant pressure boundary which penetrate 
the containment have suitable isolation valves capable of isolating the containment thereby 
precluding any significant release of radioactivity.  Similarly for lines which do not penetrate the 
containment but which form a portion of the reactor coolant pressure boundary, the design 
ensures that isolation of the reactor coolant pressure boundary can be achieved. 
 
The design of the isolation systems detailed in the sections listed below meets the requirements 
of Criterion 55. 
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For further discussion, see the following sections: 
 
1) Integrity of Reactor Coolant Pressure Boundary 5.2 
  
2) Containment Isolation Systems 6.2 
  
3) Instrumentation and Controls 7.0 
  
4) Accident Analysis 15.0 
  
5) Technical Specifications 16.0 
 
 
3.1.2.5.7  Primary Containment Isolation (Criterion 56) 
 
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. 
 
Design Conformance 
 
The system-by-system conformance to the requirements of Criterion 56 is presented in 
Subsection 6.2.4. 
 
3.1.2.5.8  Closed System Isolation Valves (Criterion 57) 
 
Criterion 
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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, 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. 
 
Design Conformance 
 
The system-by-system conformance to the requirements of Criterion 57 is presented in 
Subsection 6.2.4. 
 
 
3.1.2.6  Fuel and Radioactivity Control (Group VI) 
 
3.1.2.6.1  Control of Releases of Radioactive Materials to the Environment (Criterion 60) 
 
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. 
 
Design Conformance 
 
In all cases, the design for radioactivity control is (a) on the basis of the requirements of 
10CFR20, 10CFR50, and applicable regulations for normal operations and for any transient 
situation that might reasonably be anticipated to occur and (b) on the basis of 10CFR50.67 
dosage level guidelines for potential accidents of exceedingly low probability of occurrences.  All 
releases are expected to be reported consistent with Regulatory Guide 1.21.  (Refer to Section 
3.13.1 for Regulatory Guide 1.21 compliance.) 
 
The activity level of waste gas effluents is substantially reduced by differential holdup of noble 
gases from the offgas system in charcoal decay beds and filtration of particulates before release 
at the plant exhaust duct.  
 
Control of liquid waste effluents is maintained by batch processing of all liquids, sampling before 
discharge, and controlled rate of release.  Liquid effluents are monitored for radioactivity and 
rate of flow. Radioactive liquid waste system tankage and evaporator capacity are sufficient to 
handle any expected transient in the processing of liquid waste volume. 
 
Solid wastes are prepared for offsite disposal by approved procedures.  Solid wastes are 
prepared for shipment by placement in shielded and reinforced containers which meet 
applicable NRC and Department of Transportation requirements (Section 11.5). 
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The reference sections are: 
 
1) Liquid Waste System 11.2 
  
2) Gaseous Waste Systems 11.3 
  
3) Process and Effluent Radiological 
 Monitoring System 

11.5 

  
4) Solid Waste System 11.4 
  
5) Accidents Analysis 15.0 
 
 
3.1.2.6.2  Fuel Storage and Handling and Radioactivity Control (Criterion 61 
 
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. 
 
Design Conformance 
 
New Fuel Storage 
 
New fuel is placed in dry storage in the new fuel storage vault that is located inside the reactor 
building.  The storage vault within the reactor building provides adequate shielding for radiation 
protection.  Storage racks preclude accidental criticality (see Subsection 3.1.2.6.3).  The new 
fuel storage racks do not require any special inspection and testing for nuclear safety purposes.  
However, the racks are accessible for periodic inspection.  
 
Spent Fuel Handling and Storage 
 
Irradiated fuel is stored submerged in the spent fuel storage pool located in the reactor building.  
Fuel pool water is circulated through the fuel pool cooling and cleanup system to maintain fuel 
pool water temperature, purity, water clarity, and water level.  Storage racks preclude accidental 
criticality (see Subsection 3.1.2.6.3). 
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Reliable decay heat removal is provided by the fuel pool cooling and cleanup system.  The pool 
water is circulated through the system with suction taken from the pool and is discharged 
through diffusers at the bottom of the fuel pool.  Pool water temperature is maintained below 
125°F when removing the Maximum Normal Heat Load (MNHL) from the pool with the service 
water temperature at its maximum design value.  The RHR system with its substantially larger 
heat removal capacity can be used as a backup for fuel pool cooling when heat loads larger 
than the capability of the Fuel Pool Cooling System(s) are in the Spent Fuel Pool(s). 
 
RHR also provides reliable decay heat removal to the spent fuel pool(s) in the event the normal 
fuel pool cooling system is lost due to a seismic event.  Operation of RHR Fuel Pool Cooling 
(RHRFPC) mode will provide Seismic Category I, Class 1E cooling to the spent fuel pool(s) so 
that boiling of the Spent Fuel Pool(s) does not occur as a result of a seismic event.  ESW 
provides Seismic Category I, Class 1E make-up in support of RHRFPC. 
 
High and low level switches indicate pool water level changes in the main control room.  Fission 
product concentration in the pool water is minimized by use of the filters and demineralizer.  
This minimizes the release from the pool to the reactor building. 
 
The reactor building ventilation system and the secondary containment are designed to limit the 
release of radioactive materials to the environs and ensure that offsite doses are less than the 
limiting values specified in 10CFR50.67 during operation and all accident conditions. 
 
No special tests of the fuel pool cooling and cleanup system are required, because at least one 
pump and heat exchanger are continuously in operation while fuel is stored in the pool.  
Duplicate units are operated periodically to handle high heat loads or to replace a unit for 
servicing.  Routine visual inspection of the system components, instrumentation, and trouble 
alarms are adequate to verify system operability.  Testing of the RHRFPC mode is 
accomplished through routine testing of the pumps and heat exchangers in support of other 
modes of RHR.  The valves supporting the RHRFPC mode are routinely stroked to confirm 
proper operation of the valves for their RHRFPC mission. 
 
Independent Spent Fuel Storage Facility 
 
An additional on site spent fuel storage facility is provided for storage requirements in excess of 
the capacity of the Spent Fuel Storage Pools.  The Independent Spent Fuel Storage Installation 
(ISFSI) is designed, constructed, and licensed in accordance with the requirements of 
10CFR72.  The ISFSI is the Transnuclear West NUHOMS® Dry Storage System as described 
in Section 11.7.  Handling of spent fuel stored at the ISFSI is in the Reactor Building and is 
designed to preclude criticality and to maintain adequate shielding and cooling for spent fuel. 
 
Radioactive Waste Systems 
 
The radioactive waste systems provide all equipment necessary to collect, process, and prepare 
for disposal all radioactive liquids, gases, and solid waste produced as a result of reactor 
operation. 
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Liquid radwastes are classified, contained, and treated as high or low conductivity, chemical, 
detergent, sludges, or concentrated wastes.  Processing includes filtration, ion exchange, 
analysis, and dilution.  Liquid wastes are also evaporated and sludge is accumulated for 
disposal as solid radwaste.  Wet solid wastes are solidified and packaged in steel liners and 
high integrity containers.  Dry solid radwastes are compressed and packaged in steel drums.  
Gaseous radwastes are monitored, processed, recorded, and controlled, and released such that 
radiation doses to persons outside the controlled area are below those allowed by applicable 
regulations. 
 
Accessible portions of the spent fuel pool area and radwaste building have sufficient shielding to 
maintain dose rates within the limits set forth in 10CFR20 and 10CFR50.  The radwaste building 
is designed to preclude accidental release of radioactive materials to the environs above those 
allowed by the applicable regulations. 
 
The radwaste systems are used on a routine basis and do not require specific testing to ensure 
operability.  Performance is monitored by radiation monitors during operation. 
 
The fuel storage and handling, and radioactive waste systems are designed to ensure adequate 
safety under normal and postulated accident conditions.  The design of these systems meets 
the requirements of Criterion 61. 
 
For further discussion, see the following sections: 
 
1) Residual Heat Removal System 5.4 
  
2) Containment Systems 6.2 
  
3) New Fuel Storage 9.1 
  
4) Spent Fuel Storage 9.1 
  
5) Fuel Pool Cooling and Cleanup System 9.1 
  
6) Air Conditioning, Heating, Cooling and Ventilation 
 Systems 

9.4 

  
7) Radioactive Waste Management 11.0 
  
8) Radiation Protection 12.0 
  
9) Independent Spent Fuel Storage Installation (ISFSI) 11.7 
 
 
3.1.2.6.3  Prevention of Criticality in Fuel Storage and Handling (Criterion 62) 
 
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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Design Conformance 
 
Appropriate plant fuel handling and storage facilities are provided to preclude accidental 
criticality for new and spent fuel.  Criticality in the new fuel storage vault is prevented by the 
geometrically safe configuration of the storage rack.  Criticality in the spent fuel pool is 
prevented by poison cans containing Boral slabs between adjacent fuel assemblies.  The new 
and spent fuel racks are Seismic Category I structures. 
 
The dry storage of spent fuel in a Dry Shielded Canister (DSC) in a Horizontal Storage Module 
(HSMs) at the Independent Spent Fuel Storage Installation (ISFSI) meets the requirements of 
10CFR72.124, i.e., nuclear criticality safety criteria. 
 
New fuel is placed in dry storage in the top-loaded new fuel storage vault.  This vault contains a 
drain to prevent the accumulation of water.  The new fuel storage vault racks (located inside the 
secondary containment) are designed to prevent an accidental critical array, even if the vault 
becomes flooded or subjected to seismic loadings.  The center to center new fuel assembly 
spacing limits the effective multiplication factor (k-eff) of the array to less than or equal to 0.95 
for dry or fully flooded conditions. 
 
Spent fuel is stored under water in the spent fuel storage pool and is stored dry at the ISFSI.  
New fuel can be stored in the spent fuel pool in a dry or wet condition.  The top loading racks 
which store spent and new fuel assemblies, are designed and arranged to ensure subcriticality 
in the storage pool racks.  Spent and new fuel is maintained at a subcritical multiplication factor 
(k-eff) of less than 0.95 under normal and abnormal conditions.  Abnormal conditions may result 
from an earthquake, accidental dropping of equipment, or damage caused by the horizontal 
movement of fuel handling equipment without first disengaging the fuel from the hoisting 
equipment. 
 
Refueling interlocks include circuitry which senses conditions of the refueling equipment and the 
control rods.  These interlocks reinforce operational procedures that prohibit making the reactor 
critical.  The fuel handling system is designed to provide a safe, effective means of transporting 
and handling fuel and is designed to minimize the possibility of mishandling or maloperation. 
 
The use of geometrically safe configurations for new and spent fuel storage, the design of fuel 
handling systems and the poison control method of the spent fuel storage racks precludes 
accidental criticality in accordance with Criterion 62. 
 
For further discussion, see the following sections: 
 
1) Refueling Interlocks 7.6 

2) New Fuel Storage Racks 9.1 

3) Spent Fuel Storage Racks 9.1 

4) Independent Spent Fuel Storage Installation (ISFSI) 11.7 
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3.1.2.6.4  Monitoring Fuel and Waste Storage (Criterion 63) 
 
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. 
 
Design Conformance 
 
Appropriate systems have been provided to meet the requirements of this criterion.  A 
malfunction of the fuel pool cooling and cleanup system that could result in loss of residual heat 
removal capability and excessive radiation levels is alarmed in the main control room.  Alarmed 
conditions include high/low fuel pool level and high fuel pool temperature.  The refueling floor 
ventilation exhaust radiation monitoring system detects abnormal amounts of radioactivity and 
initiates appropriate action to control the release of radioactive material to the environs. 
 
The dry storage of spent fuel in a Dry Shielded Canister (DSC) in a Horizontal Storage Modules 
(HSMs) at the Independent Spent Fuel Storage Installation (ISFSI) meets the requirements of 
10CFR72.125, i.e., radiological protection criteria and 10CFR72.126, i.e., criteria for spent fuel, 
high-level radioactive waste and other radioactive waste storage and handling. 
 
Area radiation and sump levels are monitored and alarmed to give indication of conditions that 
may result in excessive radiation levels in radioactive waste system areas.  These systems 
satisfy the requirements of Criterion 63. 
For further discussion, see the following sections: 
 
1) Fuel Storage and Handling 9.1 
  
2) Liquid Waste Systems 11.2 
  
3) Gaseous Waste Systems 11.3 
  
4) Solid Waste Systems 11.4 
  
5) Process Radiation Monitoring 11.5 
  
6) Low Level Radwaste Holding Facility (LLRWHF) 11.6 
  
7) Independent Spent Fuel Storage Installation (ISFSI) 11.7 
 
 
3.1.2.6.5  Monitoring Radioactivity Releases (Criterion 64) 
 
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 accidents. 
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Design Conformance 
 
Means have been provided for monitoring radioactivity releases resulting from normal and 
anticipated operational occurrences.  The following station releases are monitored: 
 
a) Liquid discharge to the discharge pipe  
 
b) Reactor building ventilation 
 
c) Radwaste building ventilation 
 
d) Turbine building ventilation 
 
e) SGTS vent 
 
The drywell atmosphere is continuously monitored during normal and transient operations, 
using a continuous airborne radioactivity monitoring system (Section 12.3).  In the event of an 
accident, samples of drywell atmosphere are obtained from the drywell air sample vacuum 
pump line to provide data on existing airborne radioactivity concentrations inside the drywell.  
The areas contiguous to the secondary containment, such as the turbine building, are monitored 
by ventilation air sample particulate and gas monitors.  Radioactivity levels in the normal plant 
effluent discharge paths and in the environs are continuously monitored during normal and 
accident conditions by the various radiation monitoring systems (Sections 12.3 and 11.4) and by 
the offsite radiological monitoring programs. 
 
The Radioactive Effluent Release Report covering the operation of the unit during the previous 
year shall be submitted prior to May 1 of each year in accordance with 10 CFR 50.36a.  The 
report shall include a summary of the quantities of radioactive liquid and gaseous effluents and 
solid waste released from the unit.  The material provided shall be consistent with the objectives 
outlined in the ODCM and Process Control Program and in conformance with 10 CFR 50.36a 
and 10 CFR Part 50, Appendix I, Section IV.B.1. 
 
For further discussion of the means and equipment used for monitoring radioactivity releases, 
see the following sections: 
 
1) Reactor Coolant Pressure Boundary Leakage 
 Detection System 

5.2 

  
2) Containment and Reactor Vessel Isolation 
 Control System 

7.3 

  
3) Radioactive Waste Management 11.0 
  
4) Airborne Radioactivity Monitoring 12.3 
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3.2   CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS 
 
 
Certain structures, components, and systems of the nuclear plant are considered important to 
safety because they perform safety actions required to avoid or mitigate the consequences of 
abnormal operational transients or accidents.  The purpose of this section is to classify structures, 
components, and systems, according to the importance of the safety function they perform.  In 
addition, design requirements are placed upon such equipment to assure the proper performance 
of safety actions, when required. 
 
 
3.2.1  Seismic Classification 
 
General Design Criterion 2 of Appendix A to 10CFR50 and Appendix A to 10CFR100 require that 
nuclear power plant structures, systems, and components important to safety be designed to 
withstand the effects of earthquakes without loss of capability to perform their safety function.  NRC 
Regulatory Guide 1.29 (Rev. 2, 2/76) provides additional guidance and defines Seismic Category I 
structures, components, and systems as those necessary to assure: 
 
(1) The integrity of the reactor coolant pressure boundary 
 
(2) The capability to shut down the reactor and maintain it in a safe condition, or 
 
(3) The capability to prevent or mitigate the consequences of accidents which could result in 

potential offsite exposures comparable to the guideline exposures of 10CFR 50.67. 
 
Plant structures, systems, and components, including their foundations and supports, designed to 
remain functional in the event of a Safe Shutdown Earthquake are designated as Seismic Category 
I, as indicated in Table 3.2-1.  Class 1E electric equipment is Seismic Category I equipment.  
Seismic classification of systems instrumentation is discussed in Chapter 7. 
 
All Seismic Category I structures, systems, and components are analyzed under the loading 
conditions of the SSE and OBE.  Since the two earthquakes vary in intensity, the design of Seismic 
Category I structures, components, equipment, and systems to resist each earthquake and other 
loads will be based on levels of material stress or load factors, whichever is applicable, and will 
yield margins of safety appropriate for each earthquake.  The margin of safety provided for Safety 
Class structures, components, equipment, and systems for the SSE will be sufficiently large to 
assure that their design functions are not jeopardized.  
 
Seismic Category I structures are sufficiently isolated or protected from other structures to ensure 
that their integrity is maintained at all times. 
 
Components (and their supporting structures) which are not Seismic Category I and whose collapse 
could result in loss of required function through impact with or flooding of Seismic Category I 
structures, equipment, or systems required after a safe shutdown earthquake, are analytically 
checked to confirm their integrity against collapse when subjected to seismic loading resulting from 
the safe shutdown earthquake. 
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The Operating Basis Earthquake as defined in 10 CFR 100, Appendix A, is not incorporated as a 
part of the seismic classification scheme. 
 
The seismic classification indicated in Table 3.2-1 meets the requirements of NRC Regulatory 
Guide 1.29 except as otherwise noted in the table.  Where only portions of systems are identified as 
Seismic Category I on this table, the boundaries of the Seismic Category I portions of the system 
are shown on the piping and instrument diagrams in appropriate sections of this report. 
 
 
3.2.2  System Quality Group Classifications 
 
System quality group classifications as defined in NRC Regulatory Guide 1.26 have been 
determined for each water, steam or radioactive waste containing component of those applicable 
fluid systems relied upon to: 
 
(1) prevent or mitigate the consequences of accidents and malfunctions originating within the 

reactor coolant pressure boundary, 
 
(2) permit shutdown of the reactor and maintain it in the safe shutdown conditions, and 
 
(3) contain radioactive material. 
 
A tabulation of quality group classification for each component so defined is shown in Table 3.2-1 
under the heading, "Quality Group Classification."  Figure 3.2-1 is a diagram which depicts the 
relative locations of these components along with their quality group classification.  Interfaces 
between components of different classifications are indicated on the system piping and 
instrumentation diagrams which are found in the pertinent section of the FSAR. 
 
System Quality Group Classifications and design and fabrication requirements as indicated in 
Tables 3.2-1, 3.2-2, 3.2-3, and 3.2-4 meet the requirements of Regulatory Guide 1.26 (Rev. 3, 2/76) 
except as noted. 
 
 
3.2.2.1  Quality Group D (Augmented) 
 
Certain portions of the radwaste system meet the additional requirements of Quality Group D 
(Augmented) as defined in the NRC Branch Technical Position ETSB 11-1 (Rev. 1), parts B.IV and 
B.VI.  Portions of the radwaste system meeting the requirements of Quality Group D (Augmented) 
may be determined from notes on the appropriate figures in Chapter 11. 
 
 
3.2.3  System Safety Classifications 
 
Structures, systems, and components are classified as Safety Class l, Safety Class 2, Safety Class 
3, or Other in accordance with the importance to nuclear safety.  Equipment is assigned a specific 
safety class, recognizing that components within a system may be of differing safety importance.  A 
single system may thus have components in more than one safety class. 
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The safety classes are defined in this section and examples of their broad application are given.  
Because of specific design considerations, these general definitions are subject to interpretation 
and exceptions.  Table 3.2-1 provides a summary of the safety classes for the principal structures, 
systems, and components of the plant. 
 
Design requirements for components of safety classes are also delineated in this section. Where 
possible, reference is made to accepted industry codes and standards which define design 
requirements commensurate with the safety function(s) to be performed.  In cases where industry 
codes and standards have no specific design requirements, the locations of the appropriate 
subsections that summarize the requirements to be implemented in the design are indicated. 
 
 
3.2.3.1  Safety Class 1 
 
3.2.3.1.1  Definition of Safety Class 1 
 
Safety Class 1, SC-1, applies to components of the reactor coolant pressure boundary or core 
support structure whose failure could cause a loss of reactor coolant at a rate in excess of the 
normal makeup system. 
 
 
3.2.3.2  Safety Class 2 
 
3.2.3.2.1  Definition of Safety Class 2 
 
Safety Class 2, SC-2, applies to those structures, systems, and components, other than service 
water systems, that are not Safety Class 1 but are necessary to accomplish the safety functions of:  
 
(1) inserting negative reactivity to shut down the reactor, 
 
(2) preventing rapid insertion of positive reactivity, 
 
(3) maintaining core geometry appropriate to all plant process conditions, 
 
(4) providing emergency core cooling, 
 
(5) providing and maintaining containment, 
 
(6) removing residual heat from the reactor and reactor core, and 
 
(7) storing spent fuel. 
 
Safety Class 2 includes the following: 
 
(1) Reactor protection system and Alternate Rod Injection system. 
 
(2) Those components of the control rod system which are necessary to render the reactor 

subcritical. 
 
(3) Systems or components which restrict the rate of insertion of positive reactivity. 
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(4) The assembly of components of the reactor core which maintain core geometry including 

the fuel assemblies, core support structure, and core grid plate, as examples. 
 
(5) Other components within the reactor vessel such as jet pumps, core shroud, and core spray 

components which are necessary to accomplish the safety function of emergency core 
cooling. 

 
(6) Emergency core cooling systems. 
 
(7) Primary containment. 
 
(8) Reactor building (secondary containment) 
 
(9) Post-accident containment heat removal systems. 
 
(10) Initiating systems required to accomplish safety functions, including emergency core cooling 

initiating system and containment isolation initiating system. 
 
(11) At least one of the systems which recirculates reactor coolant to remove decay heat when 

the reactor is pressurized and the system to remove decay heat when the reactor is not 
pressurized. 

 
(12) Spent fuel storage racks and spent fuel pool. 
 
(13) Electrical and instrument auxiliaries necessary to operation of the above. 
 
Structures, systems, and components in Safety Class 2 are listed in Table 3.2-1. 
 
 
3.2.3.3  Safety Class 3 
 
3.2.3.3.1  Definition of Safety Class 3 
 
Safety Class 3, SC-3, applies to those structures, systems, and components that are not Safety 
Class 1 or Safety Class 2, but  
 
(1) Whose function is to process radioactive wastes and whose failure would result in release 

to the environment of gas, liquid, or solids resulting in a single-event whole body dose to a 
person at the site boundary greater than 500 mrem. 

 
(2) Which provide or support any safety system function.  Safety Class 3 includes the following: 
 

a. Service water systems required for the purpose of: 
 

1. Removal of decay heat from the reactor 
 

2. Emergency core cooling 
 

3. Post-accident heat removal from the suppression pool 
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4. Providing cooling water needed for the functioning of emergency systems. 

 
b. Fuel supply for the onsite emergency electrical system. 

 
c. Emergency equipment area cooling. 

 
d. Compressed gas or hydraulic systems required to support control or operation of 

safety systems. 
 

e. Electrical and instrumentation auxiliaries necessary for operation of the above. 
 
 
3.2.3.4  Other Structures, Systems, and Components 
 
3.2.3.4.1  Definition of Other Structures, Systems, and Components 
 
A boiling water reactor has a number of structures, systems, and components in the power 
conversion or other portions of the facility which have no direct safety function but which may be 
connected to or influenced by the equipment within the Safety Classes defined above.  Such 
structures, systems, and components are designated as "other." 
 
 
3.2.3.4.2  Design Requirements for Other Structures, Systems, and Components 
 
The design requirements for equipment classified as "other" are specified by the designer with 
appropriate consideration of the intended service of the equipment and expected plant and 
environmental conditions under which it will operate.  Where possible, design requirements are 
based on applicable industry codes and standards.  Where these are not available, the designer 
utilizes accepted industry or engineering practice.  
 
 
3.2.4  Quality Assurance 
 
Structures, systems, and components whose safety functions require conformance to the quality 
assurance requirement of 10CFR50, Appendix B, are summarized in Table 3.2-1 under the 
heading, "Quality Assurance Requirements."  The Operational Quality Assurance Program is 
described in Chapter 17. 
 
 
3.2.5  Correlation of Safety Classes with Industry Codes 
 
The design of plant equipment will be commensurate with the safety importance of the equipment.  
Hence, the various safety classes have a gradation of design requirements.  The correlation of 
safety classes with other design requirements are summarized in Table 3.2-5. 
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TABLE 3.2-3 
 

SUMMARY OF CODES AND STANDARDS FOR COMPONENTS OF WATER-COOLED 
NUCLEAR POWER UNITS SUPPLIED BY AE ORDERED AFTER JULY 1, 1971 

CODE CLASSIFICATIONS 

COMPONENT GROUP A(1) GROUP B(2) GROUP C(3) GROUP D(4) 

Pressure Vessels ASME Boiler and Pressure 
Vessel Code, Section III, 
Nuclear Power Plant 
Components – CLASS 1 

ASME Boiler and Pressure 
Vessel Code, Section III, 
Nuclear Power Plant 
Components – CLASS 2 

ASME Boiler and Pressure 
Vessel Code, Section III, 
Nuclear Power Plant 
Components – CLASS 3 

ASME Boiler and Pressure 
Vessel Code, Section VIII, 
Division 1 

Piping As above(5)(12)(14)(15)(17)(20) As above(6)(11)(14)(18)(20) As above (7)(14)(19)(20) ANSI B31.1 Power 
Piping(20) 

Pipe Supports As above As above(11)(13) As above(11)(13) ANSI B31.1 

Pumps As above As above As above Manufacturer’s Standards 

Valves As above As above As above ANSI B31.1 

0-15 psig 
Storage Tanks 

 --- As above(8) As above(8) AP-620 or ASME Boiler and 
Pressure Vessel Code 
Section VIII, Division 1 

Atmospheric 
Storage Tanks 

 --- As above(8) As above(8)(9)(10) API-650, AWWA D 100, 
ANSI B 96.1, or ASME 
Boiler and Pressure Vessel 
Code Section VIII, Division 
1 

(1)(2)(3)Components ordered after July 1, 1971 comply with the Codes and Standards in effect at the date of award of the order, except that 
Group A, B and C components ordered between July 1, 1971 and July 1, 1972 also comply with the following paragraphs of the ASME 
Boiler and Pressure Vessel Code, Section III, Winter, 1971 Addenda as applicable:  (1) NB-2510, NB-2541, NB-2553, NB-2561, (2) NC-
2510, NC-2571, (3) ND-2510, ND-2571. 

(4) Certain portions of the radwaste systems meet the additional requirements of Quality Group D (Augmented) as defined in NRC Branch 
Technical Position ETSB 11-1, Parts B.IV and B.VI. 

(5)(6)(7) For installation of ASME items, ASME Section III, 1971 Edition with Addenda through the Winter of 1972 shall apply.  ASME material 
shall meet the requirements of ASME Section II, 1971 Edition through the Winter 1972 Addenda or any later Edition or Addenda.  Any 
additional ASME Section III material requirements of Subsection 2000, 1971 Edition through the Winter 1972 Addenda, shall apply.  For 
postweld heat treatment, Paragraphs NB-4600, NC-4600 and ND-4600 of ASME Section III, 1974 Edition, Summer 1976 Addenda are 
used. 

 
 For the installation of attachments to piping systems after testing, paragraphs NB-4436, NC-4436, and ND-4436 of ASME Section  III, 

1974 Edition, Summer 1976 Addenda are used. 

 For attachments to piping systems, Paragraphs NB-4433, NC-4433 and ND-4433 of ASME Section III, 1977 Edition, Summer 1979 
Addenda are used. 

 
 For Code Nameplates, Stamping, and Data Reports, paragraphs NCA-8210, NCA-8220, NCA-8230, NCA-8300, NCA-8414, NCA-8415, 

NCA-8416, NCA-8417, NCA-8418, and NCA-8420 of ASME Section III, 1977 Edition, Winter 1977 Addenda are used. 
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TABLE 3.2-3 (Continued) 
 

SUMMARY OF CODES AND STANDARDS FOR COMPONENTS OF WATER-COOLED 
NUCLEAR POWER UNITS SUPPLIED BY AE ORDERED AFTER JULY 1, 1971 

(8) Orders for Nuclear Storage Tanks were placed after December 31, 1971. 

(9) Atmospheric Storage Tanks fabricated to Group C requirements may be used in a Group D or Group D (Augmented) system. 

(10) The Diesel ‘E’ Fuel Oil Storage Tank Complies with ASME B&PV Code Section III, 1971 Edition, Winter 1972 Addenda.  The A-D Diesel 
Generator Fuel Oil Storage Tanks comply with the ASME Boiler and Pressure Vessel Code, Section III, 1974 Edition, Winter 1975 Addenda as 
applicable. 

(11) Control Rod Drive Hydraulic System (CRD) piping and supports are constructed in accordance with ASME Section III, 1974 Edition with Addenda 
through Winter 1975 except as permitted by NA-1140(f) of ASME III as follows.  Materials conform with ASME Section III, 1974 Edition, with 
Addenda through Winter 1975, or any later Edition of Addenda.  ASME Section III, 1977 Edition, with Addenda through Winter 1977, 
Subsection NF, Paragraph NF-2610, shall apply to piping system support. 

(12) 1” and smaller Nuclear Class 1 Piping is designed in accordance with the rules for Nuclear Class 2 piping per ASME Section III, 1974 Edition, 
Summer 1975 Addenda, Paragraph NB3630. 

(13) Allowable stresses for pipe supports for Nuclear Class 1, 2 and 3 piping shall be in accordance with ANSI Power Piping Code B31.1, 1973. 

(14) For the design of ASME flanges, ASME Section III, 1977 Edition with addenda through summer 1979 is used. 

(15) For the design of Nuclear Class 1, 1” branch connections, ASME Section III, 1977 Edition with Addenda through Summer 1979 is used. 

(16) Code case N316, approved for use at Susquehanna SES by the NRC on 2/17/82, is used in the Bechtel design of small pipe and CRD small pipe. 

(17) For the evaluation of Nuclear Class 1 piping components for snubber elimination or other piping modifications, ASME Section III, 1977 edition with 
addenda through summer of 1979 may be applied. 

(18) For the evaluation of Nuclear Class 2 piping components for snubber elimination or other piping modifications, ASME Section III, 1980 edition with 
addenda through winter of 1981 may be applied. 

(19) For the evaluation of Nuclear Class 3 piping components for snubber elimination or other piping modifications, ASME Section III, 1983 edition with 
addenda through summer of 1984 may be applied. 

(20) For the evaluation of ASME piping components or ANSI piping components which are analyzed for Seismic Category I requirements, Code 
Case N-411 may be applied for Snubber Elimination or other piping modifications/evaluations. 
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3.3  WIND AND TORNADO LOADINGS 
 
 
3.3.1  WIND LOADINGS 
 
All exposed structures are designed for wind loading. 
 
 
3.3.1.1  Design Wind Velocity 
 
The design wind velocity for all structures is 80 mph at 30 ft above ground for a 100-year 
recurrence interval.  The design wind velocity is based on Figure 5 of Reference 3.3-1.  
(References are listed in Subsection 3.3.3.) 
 
The vertical velocity distribution is based on Table 1(a) of Reference 3.3-2.  The velocity distribution 
is tabulated in Table 3.3-1. 
 
A gust factor of 1.1, as given in Reference 3.3-2, is used. 
 
 
3.3.1.2  Determination of Applied Forces 
 
The procedure used to transform the wind velocity into an effective pressure applied to exposed 
surfaces of structures is as described in Reference 3.3-2 and is summarized as follows: 
 
The dynamic pressure is given by: 
 
 q = 0.002558 V2 where, 
 
 q = Dynamic pressure in psf 
 
 V = Wind velocity in mph (design wind velocity x gust factor). 
 
The local pressure at any point on the surface of a building is 
equal to: 
 
  q x Cp 
 
Where 
 
 Cp = Pressure coefficient. 
 
The total pressure on a building is equal to: 
 
  q x CD 
 
Where, 
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CD   =   Shape coefficient. 
 
The Susquehanna SES structures have sloping roofs with a pitch less than 20 degrees.  The 
following are values for Cp and CD.  (See Reference 3.3-2, p. 1151 and Figure 7.) 
 
 Cp for windward wall = 0.8 (pressure) 
 
 Cp for leeward wall = -0.5 (suction) 
 
 Cp for windward slope = 0 
 
 Cp for leeward slope = -0.6 (suction) 
 
 CD  =  1.3 (pressure). 
 
Wind loads on structures are tabulated in Table 3.3-1. 
 
Exposed tanks are designed to resist a minimum wind load of 30 psf on the vertical projection, 
based on Reference 3.3-3.  For cylindrical tanks, wind is considered acting on six-tenths of the 
vertical projection.  No increases in allowable working stresses are permitted for these structures for 
loading conditions involving wind. 
 
 
3.3.2  TORNADO LOADINGS 
 
Table 3.3-2 lists the systems that are protected against tornadoes and the enclosures which 
provide this protection.  This table is based on NRC Regulatory Guide 1.117 (Reference 3.3-4). 
 
 
3.3.2.1  Applicable Design Parameters 
 
The following design parameters are used for the design of tornado-resistant structures and are 
based on Reference 3.3-5: 
 

a) Dynamic Wind Loading 
 

Tangential speed:  300 mph 
Translational speed:  60 mph 

 
These speeds apply to all tornado-resistant structures except the Diesel 
Generator 'E' Building where a tangential speed of 290 mph and a translational 
speed of 70 mph are used. 

 
b) Pressure Differential Between the Inside and Outside of a Building 

 
A pressure drop of 3 psi is applied.  A rate of 1 psi per second is used for all 
tornado-resistant structures  except the Diesel Generator 'E' building where a rate 
of 2 psi per second is used.   
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c) Tornado-Generated Missiles 

 
These are discussed in Subsection 3.5.1.4. 

 
 
3.3.2.2  Determination of Forces on Structures 
 
The following procedures are used to transform the tornado loadings into effective loads on 
structures: 
 

a) Dynamic Wind Loading 
 

A procedure the same as the one utilized to transform the wind velocity into an 
effective pressure, as described in Subsection 3.3.1.2, is used with the following 
exceptions: 

 
1) Velocity and velocity pressure are assumed not to vary with height. 
2) The gust factor is taken as unity. 

 
As shown in Figure 5 of Reference 3.3-5, and as explained therein, the equivalent 
uniform tornado wind velocity on the building due to a tangential component of 300 
mph and a translational component of 60 mph is 220 mph.  The pressure loads are 
calculated on the basis of a uniform 300 mph wind velocity for all tornado-resistant 
structures except the Diesel Generator 'E' Building where they are calculated using 
a 360 mph wind velocity.  The pressure loads are as follows: 

 
 For All Tornado-  
 Resistant Structures For the 
 Except the Diesel Diesel 
 Generator 'E' Bldg. Generator 'E' Bldg. 
   
Windward pressure on walls: 185 psf 266 psf 
   
Leeward suction on walls: 115 psf 166 psf 
   
Total design pressure: 300 psf 432 psf 
   
Suction (uplift) on roof: 140 psf 199 psf 

 
"The turbine building is designed to resist the tornado loading assuming 2/3 of the 
metal siding and the roof deck being blown away. However, all the frames are 
designed for the full tornado loading.  The metal siding and the roof deck of all 
structures are not designed to resist full tornado loading." 
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b) Differential Pressure Loading 
 

Differential pressure loading is calculated using the following pressure-time function: 
 

The differential pressure is assumed to vary from zero to 3 psi, remain at 3 psi for 2 
seconds and then return to zero.  A rate of 1 psi per second is used for all 
tornado-resistant structures except the Diesel Generator 'E' building where a rate of 
2 psi per second is used. 

 
Blowout panels are used as necessary on safety-related structures to minimize 
differential pressure.  

 
c) Tornado-Generated Missiles 

 
Tornado-generated missiles used in the design of the tornado-resistant structures 
are given in Table 3.5-4 except those missiles used in the design of the Diesel 
Generator 'E' Building which are given in Table 3.5-4a.  The barrier design 
procedures are described in Subsection 3.5.3. 

 
Loadings a), b), and c) are combined in the following manner to obtain the total 
tornado loading: 

 
(i) W' = Ww 
(ii) W' = Wp 
(iii) W' = Wm 
(iv) W' = Ww+0.5Wp 
(v) W' = Ww+Wm 
(vi) W' = Ww+0.5Wp+Wm  

 
 Where, 
 

W' = Total tornado load 
Ww = Tornado wind load 
Wp = Tornado differential pressure load, and 
Wm = Tornado missile load 

 
 
3.3.2.3 Effect of Failure of Structures or Components Not 
 Designed for Tornado Loads  
 
Structures not designed for tornado loads are checked to ensure that during a tornado they will not 
generate missiles that have more severe effects than those listed in Table 3.5-4.  The modes of 
failure of these structures are analyzed to verify that they will not collapse on safety related 
structures. 
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3.3.2.4  Safety-Related Equipment Not Protected By Reinforced Concrete 
 
 
 
 

SECURITY-RELATED INFORMATION.  
TEXT WITHHELD UNDER 10 CFR 2.390 
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3.4  WATER LEVEL (FLOOD) DESIGN 
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3.5  MISSILE PROTECTION 
 
 
Where possible, the Seismic Category I and safety-related structures, equipment, and systems 
are protected from missiles generated by internal rotating or pressurized equipment through 
basic station component arrangement so that, if equipment failure occurs, the missile does not 
cause the failure of these structures, equipment, or systems.  Where it is impossible to provide 
protection through plant layout, suitable physical barriers were provided to isolate the credible 
missile or to shield the critical system or component.  Also, redundant Seismic Category I 
components are suitably protected so that a single missile cannot simultaneously damage a 
critical system component and its backup system.  Table 3.2-1 provides a tabulation of safety-
related structures, systems, and components, along with their applicable seismic category and 
quality group classification. 
 
Section 3.12 - Separation Criteria for Safety-Related Mechanical and Electrical Equipment 
provides a detailed discussion of protection from missiles, such as equipment separation and 
redundancy, to preclude damage to the systems necessary to achieve and maintain a safe plant 
shutdown. 
 
3.5.1  MISSILE SELECTION AND DESCRIPTION 
 
3.5.1.1  Internally Generated Missiles (Outside Primary Containment) 
 
There are two general sources of postulated missiles outside the primary containment: 
 
a) Rotating component failure missiles 
 
b) Pressurized component failure missiles 
 
3.5.1.1.1  Rotating Component Failure Missiles 
 
The systems located outside the primary containment have been examined to identify and 
classify potential missiles.  The basic approach is to ensure design adequacy against 
generation of missiles, rather than to allow missile formation and then containing their effects. 
 
Catastrophic failure of rotating equipment, such as pumps, fans, and compressors leading to 
the generation of missiles, is not considered credible.  Massive and rapid failure of these 
components is incredible because of the conservative design, material characteristics, 
inspections, quality control during fabrication and erection, and prudent operation as applied 
to the particular component.  The analysis of turbine missiles is discussed in Section 3.5.1.3. 
 
It has been concluded that large, massive rotating components, such as the various ECCS 
pumps and motors, fans, and compressors outside the primary containment, do not have 
sufficient energy to move the masses of their rotating parts through the housings in which they 
are contained. 
 
Similarly, it is concluded that the HPCI and RCIC turbines cannot generate missiles.  Overspeed 
tripping devices ensure that the HPCI and RCIC turbines will not reach runaway speed where 
component failure could take place. 
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However, even with this conservative design, the RCIC and HPCI turbines are located in 
separate compartments so that any turbine missile will affect only one division of equipment. 
 
This is also true for other large rotating safety-related equipment, such as pumps, fans, and 
compressors.  Redundant equipment is normally located in different areas of the plant or 
separated by walls, so that a single missile from a rotating mass will not damage both redundant 
systems. 
 
3.5.1.1.2  Pressurized Component Failure Missiles 
 
The following potential internal missile donors from pressurized equipment were investigated: 
 
a) High Energy Piping 
 

Pressurized components in systems where service temperature exceeds 200°F or 
service pressure exceeds 275 psig were evaluated as to their potential for becoming 
missiles.  Pipe whip restraints were provided at possible breakpoints of these high 
energy lines, which may impact on safety-related equipment or structures (see 
Section 3.6). 

 
Additional attention has been given to ensure that safety relief valves and valve headers 
are not credible missiles.  All SRV headers are restrained in accordance with the pipe 
whip criteria described in Section 3.6 to ensure that in the event of a circumferential type 
break of the header, no missile would result. 

 
The safety relief valves are attached to welded, Schedule 160 sweepolet fittings on the 
headers.  The design of this attachment includes all dynamic loads that may be 
associated with the SRV discharge. 

 
The SRV header is designed and built to the conservative requirements of the ASME 
Section III, Class 1, Code and as such is subject to the ASME Section XI Inservice 
Inspection requirements.  This inspection plus the RCPB leak detection capability would 
provide early indication of any possible failure in this area. 

 
Therefore, it is concluded that the likelihood of missiles from high energy piping, which 
may impact on safety-related equipment, is remote. 

 
b) Valve Bonnets 
 

Valves of ANSI 900 psig rating and above, constructed in accordance with Section III of 
the ASME Boiler and Pressure Vessel Code, are pressure seal bonnet type valves.  For 
pressure seal bonnet valves, valve bonnets are prevented from becoming missiles by 
the retaining ring, which would have to fail in shear, and by the yoke, which would 
capture the bonnet or reduce bonnet energy. 

 
The bonnet bolts preload the pressure seal gasket so the valve will be sealed when it is 
not under pressure.  When pressurized, the valve is sealed by process fluid pressure 
and the bonnet bolts are under no load.  All ASME III Class I, 900 # bonnet-seal type 
valves were analyzed per ASME B & PV Code, Section III.  Standard calculation 
pressure used in these analyses was given by Figure NB-3545.1-2 for weld-end valves.  



SSES-FSAR 
Text Rev. 61 
 
 

FSAR Rev. 67 3.5-3 

Using the typical pressure seal valve shown in Figures 3.5-9 and 3.5-10 as an example, 
the total thrust load on the retaining ring and valve body was calculated.  The results are 
listed in Table 3.5-7.  The results show both the retaining ring and valve body meet the 
NB-3227 requirement while using a calculation pressure which is much higher than the 
normal operating pressure of the valve. 

 
The majority of valves inside containment have massive valve operators which are 
supported by the yoke.  For these valves, the valve operators act as an additional 
limitation to the yoke becoming a missile. 

 
For a yoke clamp to fail, one would have to assume that the retaining ring fails 
completely and instantaneously so that the bonnet could strike the yoke.  The yoke is 
normally under no load and complete failure of the yoke clamp is not considered 
credible. 

 
Because of the highly conservative design of the retaining ring of these valves, bonnet 
ejection is highly improbable and hence, bonnets are not considered credible missiles. 

 
Most valves of ANSI rating 600 psig and below are valves with bolted bonnets.  Valve 
bonnets are prevented from becoming missiles by limiting stresses in the bonnet-to-body 
bolting material by requirements set forth in the ASME Boiler and Pressure Vessel 
Code, Section III, and by designing flanges in accordance with applicable code 
requirements.  Even if bolt failure were to occur, the likelihood of all bolts experiencing 
simultaneous complete severance failure is remote.  The widespread use of valves with 
bolted bonnets and the low historical incidence of complete severance failure of bonnets 
confirm that bolted valve bonnets need not be considered as credible missiles. 

 
c) Valve Stems 
 

Valve stems are not considered potential missiles if at least one feature in addition to 
the stem threads is included in their design to prevent ejection.  Valves with backseats 
are prevented from becoming missiles by this feature.  In addition, air or motor-operated 
valve stems will be effectively restrained by the valve operators. 

 
d) Temperature Detectors 
 

Temperature or other detectors installed on piping or in wells are evaluated as potential 
missiles if a single circumferential weld would cause their ejection.  This is highly 
improbable, since a complete and sudden failure of a circumferential weld is needed for 
a detector to become a missile.  In addition, because of the spatial separation of 
redundant safety-related equipment, a small missile such as a detector, assuming the 
circumferential weld fails completely, is not likely to hit redundant safety-related 
equipment. 

 
e) Nuts and Bolts 
 

Nuts, bolts, nut and bolt combinations, and nut and stud combinations have little stored 
energy and thus are of no concern as potential missiles. 
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f) Blind Flanges 
 

Bolted blind flanges are not considered credible missiles because of the extremely 
unlikely occurrence of all bolts experiencing simultaneous complete severance failure 
as discussed in (b) above. 

 
g) Safety Relief Valve and Main Steam Isolation Valve Accumulators 
 

Pressurized ASME III vessels such as SRV and MSIV accumulators are not considered 
credible missiles.  These accumulators are operated at a maximum pressure and 
temperature of 150 psig and 150°F.  These vessels have low stresses and operate in 
the "moderate energy" range and therefore, any failures would be a slow type and not of 
concern for missile generation. 

 
3.5.1.2  Internally Generated Missiles (Inside Containment) 
 
There are three general sources of postulated missiles inside the primary containment: 
 
a) Rotating component failure missiles 
 
b) Pressurized component failure missiles 
 
c) Gravitationally generated missiles 
 
3.5.1.2.1  Rotating Component Failure Missiles 
 
The most significant pieces of rotating equipment in the primary containment are the 
recirculation pumps and motors.  GE Licensing Topical Report NEDO-10677, submitted to the 
NRC contained a discussion of the potential overspeed of a recirculation pump due to LOCA 
blowdown flow past the pump impeller and the possible results of such overspeed.  That report 
also presents a decoupler concept to protect the pump motor under such conditions. 
 
In a letter to the NRC dated November 6, 1975, GE wrote that an analytical study has shown 
that a decoupling device is not needed, and that the NEDO-10677 report should be rescinded. 
 
The following results were outlined in the GE letter to the NRC: 
 
a) If a break were to occur in the pump discharge pipe, either a guillotine or longitudinal 

break, the maximum calculated resultant pump speed would be 110 percent of rated.  
In this analysis, the flow choking at the volume diffuser inlet area in the pump casing 
determined the differential feed and volumetric flow rate used to predict pump speed 
during blowdown.  Longitudinal breaks up to one pipe cross-sectional area were 
considered. 

 
b) For a longitudinal break in the pump suction pipe, the maximum calculated pump speed 

in the reverse direction would be 140 percent of rated.  This speed does not result in 
mechanical motor damage.  Longitudinal breaks up to one pipe cross-sectional area 
were considered. 
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c) For a guillotine suction pipe break the maximum calculated pump speed in the reverse 
direction is 710 percent of rated, which is a destructive overspeed of the motor.  
However, the initial torque for this event is 40 times the rated motor torque and this is 
sufficient to decouple the motor from the pump by mechanical failure of the pump to 
motor shaft.  Mechanical failure is calculated to occur at 5 to 10 times the rated motor 
torque with or without a decoupler device in the drive train.  Thus, an inherent self-
decoupling would exist for this case. 

 
On November 19, 1976, the NRC wrote GE a letter stating that applicants must file a formal 
application for amendment of their construction permit or operating license before they would 
be released from their commitment to installed the decoupler. 
 
The letter also stated that "any such application to delete the decoupler from a boiling water 
reactor design must include a thorough safety evaluation setting for the reasons why a 
recirculation pump decoupler is no longer necessary." 
 
GE has completed such a safety analysis report on a generic basis, in a letter from E.A. Hughes 
(GE) to R.C. DeYoung (NRC), January 18, 1977, "GE Recirculation Pump Potential 
Overspeed." 
 
It is concluded in the above letter that destructive pump overspeed can result in certain types 
of missiles.  A careful examination of shaft and coupling failures shows that the fragments will 
not result in damage to the containment or to vital equipment. 
 
(1) Low Energy Missiles (Kinetic energy less than 1,000 ft-lbs): 
 

Low energy level missiles may be created at motor speed of 300% of rated, through 
failure of the end structure of the rotor.  The structure consists of the retaining ring, the 
end ring, and the fans.  Missiles potentially generated in this manner will strike the 
overhanging ends of the stator coils, the stator coil bracing, support structures, and two 
walls of one-half inch thick steel plate.  Due to the ability of these structures to absorb 
energy, it is concluded that missiles would not escape this structure.  It is at this point 
frictional forces would tend to bring the overspeed sequence to a stop. 

 
(2) Medium Energy Missiles (kinetic energy less than 20,000 ft-lbs): 
 

In the postulated event that the body of the rotor were to burst, medium energy missiles 
could be created.  The likelihood that these missiles would escape the motor is 
considered less than the likelihood of escape for the low-energy missiles described 
above, due to the additional amount of material constraining missile escape, such as the 
stator coil, field coils, and stator frame directly adjacent to the rotor. 

 
(3) The Motor as a Potential Missile: 
 

Since bolting is capable of carrying greater torque loads than the pump shaft, pump bolt 
failure is precluded.  Since pump shaft failure decouples the rotor for the overspeed 
driving blowdown force, only those cases with peak torques less than that required to fail 
the pump shaft (five times rated) will have the capability to drive the motor to overspeed.  
When missile generation probabilities are considered along with a discussion of the 
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actual load-bearing capabilities of the system, it is evident that these considerations 
support the conclusion that it is unrealistic that the motor would become a missile. 

 
It is concluded that the other rotating components inside the containment such as fans and 
chillers do not have sufficient energy to move the masses of their rotating parts through the 
housings in which they are contained. 
 
In addition, redundant safety-related components are located in different areas of the 
containment, so that a rotating component failure missile will not damage both redundant 
components. 
 
3.5.1.2.2  Pressurized Component Failure Missiles 
 
A discussion of the potential for missile generation from the failure of pressurized components, 
e.g. valve stems, valve bonnets, and temperature element assemblies, is presented in 
Subsection 3.5.1.1.2.  That discussion is also applicable to pressurized components inside 
containment. 
 
3.5.1.2.3  Gravitationally Generated Missiles 
 
Components necessary for the operation and safety of the reactor are designed to remain in 
place and functioning during all design basis conditions.  Equipment which is not necessary for 
operation, startup testing, or safety is removed from the containment or seismically supported 
and secured in place prior to operation to ensure that it will not become a missile during plant 
operation or during a safe shutdown earthquake.  Therefore, during reactor operation and 
following a LOCA, all equipment inside containment is secured.  During maintenance when such 
equipment is returned to the containment or made operational, administrative and procedural 
methods will be used to ensure that significant damage is not caused to safety equipment even 
when the reactor is in the shutdown condition. 
 
3.5.1.3  Turbine Missiles 
 
An analysis was performed to evaluate the probability of damage from postulated turbine 
missiles to safety-related components.  The probability of unacceptable damage due to turbine 
missiles (P4) has been calculated to be less than 1.00 E-7 per unit per year (see reference 
3.5-20) 
 
The NRC has established in NUREG 1048, Appendix U (reference 3.5-19) an acceptable 
methodology for establishing maintenance and inspection schedules for specific turbine  
systems including the original General Electric main turbines installed at Susquehanna.  As a 
result of a retrofit of the main turbines with Siemens turbines, the missile probability analysis 
outlined in Reference 3.5-20 has been applied.  This methodology also supports and maintains 
the established maintenance and inspection program outlined in Section 10.2.3.6 for the 
installed turbine. 
 
The turbine inspection program frequencies implemented in Section 10.2.3.6 are supported by 
the probabilistic approach outlined in references 3.5-19 and 3.5-20.  This approach shifts 
emphasis in the turbine missile damage calculations from the strike and damage portion to the 
missile generation portion.  Turbine missile damage is a product of these two factors.  
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By managing turbine reliability through maintenance and inspection, the probability of 
generating a turbine missile can be determined. 
 
The intent of the maintenance and inspection program is to ensure that the probability of 
generating a turbine missile (PI) is maintained to less than 1.00 E-5 per unit per year for an 
unfavorably oriented turbine with respect to the reactor building.  Susquehanna’s turbines are 
unfavorably oriented.  The analysis supporting the program takes into account specific turbine 
wheel operating conditions, material properties, periodic maintenance and inspection results, 
and related system operating conditions.  As a result, the main turbine maintenance and 
inspection program can facilitate evaluations of the effects of changes in parameters used as 
inputs to determining the probability of generating a turbine missile.  Should any of these 
parameters change, the frequency changes to the maintenance and inspection program can be 
determined and adjusted accordingly.  With this method, effects from changes to input 
parameters can be evaluated.  Table 3.5-10, Turbine System Reliability Criteria reflects the 
recommendations from Table U.1 in reference 3.5-19 for an unfavorably oriented main turbine.  
By managing the probability of generating a missile to less than 1.00 E-5 (PI), the overall 
probability of turbine damage (P4) is maintained at less than or equal to 1.00 E-7 per unit per 
year. 
 
Schedules for future inspection of low pressure turbine rotors with shrunk-on-disks will be based 
on this probabilistic approach and the analysis established in reference 3.5-19. 
 
3.5.1.3.1  Turbine Placement and Orientation 
 
The safety-related structures are those in which a single strike by a postulated turbine missile 
could result in a loss of the capability to function in a manner necessary to meet the 
requirements of 10CFR100. 
 
At Susquehanna SES, these are the reactor buildings, diesel generator buildings, the control 
structure, and the ESSW pumphouse. 
 
3.5.1.3.2  Missile Identification and Characteristics – Unit 1 
 
The turbines at Susquehanna are manufactured by Siemens.  Each unit consists of a tandem 
compound, six-flow, non-reheat, 1800 rpm turbine, directly connected to a synchronous 
generator. 
 
Siemens has performed an analysis (Reference 3.5-20) to determine the characteristics of the 
missiles that can be expected as a result of a turbine burst.  The most significant cause of a 
turbine missile is a burst-type failure of one or more bladed disks of an LP rotor.  Relatively 
massive and strong turbine casings (Reference 3.5-20) would contain failures of other rotors 
including the HP and generator rotor. 
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3.5.1.3.3  Probability Analysis 
 
The probability of turbine missile damage is expressed as: 
 
 P4 = P1 x (P2 x P3) (Eq. 3.5-1) 
 
where: 
 
 P4 = probability of unacceptable turbine missile damage, per year 
 
 P1 = probability of a turbine failure resulting in the ejection of a missile, 

per year 
 
 P2 = probability that a missile will strike a barrier that houses a critical plant 

component, given that a missile has been ejected from the turbine, and 
 
 P3 = probability that a missile will spall the struck barrier, thus damaging 

an essential critical plant component, given that a missile has been 
ejected from the turbine and has struck the barrier. 

 
P1, P2 and P3 are evaluated using a methodology the NRC has established in NUREG 1048, 
Appendix U (reference 3.5-19). 
 
This methodology ensures that the probability of generating a turbine missile (PI) is maintained 
to less than 1.00 E-5 per unit year for an unfavorably oriented turbine with respect to the reactor 
building.  Susquehanna’s turbines are unfavorably oriented. 
 
The value for P2 x P3 is assigned 1.00 E-2 for an unfavorably oriented turbine.  NRC 
experience and simple estimates based on gross plant layouts formed the basis for this value 
(reference 3.5-19), 
 
The P4 is obtained by multiplying P2x P3 by P1.  Since P2 x P3 has been assigned 1.00 E-2 
and P1 is less than 1.00 E-5, the limit for P4 is 1.00 E-7. 
 
 
3.5.1.4  Missiles Generated by Natural Phenomena 
 
Only tornado-generated missiles are considered.  Table 3.5-4 lists the missiles considered in 
the design.  Table 3.5.4a lists the missles considered in the design of the Diesel Generator 'E' 
Building.  The structures designed for tornado-generated missiles are listed in Table 3.3-2. 
 
 
3.5.1.5  Site Proximity Missiles 
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START – HISTORICAL INFORMATION 

 
3.5.1.6  Aircraft Hazards 
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3.5.1.6.1  Airport Operations 
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3.5.1.6.2  Aircraft Crash Probability 
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3.5.1.6.3  Critical Target Area for the Plant 
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3.5.1.6.4  Striking Probabilities 
 
The probability that an aircraft might strike the Susquehanna SES, resulting in a potential 
nuclear safety hazard, is the product of: 
 
the annual traffic (number of aircraft)  (3.5.1.6.1) 
 
the crash probability (events per mi2)  (3.5.1.6.2) 
 
the applicable target area (mi2)   (3.5.1.6.3) 
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END – HISTORICAL INFORMATION 
 
 
 
Based on the low event probability, aircraft hazards are eliminated as a design basis concern for 
Susquehanna SES. 
 
3.5.2  SYSTEMS TO BE PROTECTED 
 
3.5.2.1  Missile Protection Design Philosophy 
 
Systems that are reviewed for missile protection are listed in Subsection 3.12.2. 
 
For internally generated missiles, protection is provided through basic station component 
arrangement so that, if equipment failure occurs, the missile does not cause the failure of a 
Seismic Category I structure or any safety-related system.  Where it is impossible to provide 
protection through station layout, suitable physical barriers are provided whose function is 
either to isolate the missile or to shield the critical system or component.  In addition, redundant 
Seismic Category I components are suitably protected so that a single missile cannot 
simultaneously damage a critical component and its backup system. 
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3.5.2.2  Structures Designed to Withstand Missile Effects 
 
Seismic Category I structures are designed to withstand postulated external or internal missiles 
which may impact them.  Table 3.3-2 is a list of the structures designed to withstand external 
tornado-generated missiles, and the safety-related equipment which they protect.  The missiles 
are listed in Table 3.5-4 for all tornado-resistant structures except the Diesel Generator 'E' 
Building.  Table 3.5-4a lists the missiles used in the design of the Diesel Generator 'E' Building. 
 
An investigation of the capability of plant safety-related structures, systems, and components 
has shown that exterior walls and roofs of Class I structures housing safety-related systems 
and components are adequate to withstand the 1-inch steel rod and the utility pole listed in 
Table 3.5-4. 
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3.5.3  BARRIER DESIGN PROCEDURES 
 
The structure and barriers are designed in accordance with the procedures detailed in 
Reference 3.5-5.  The procedures include: 
 
a) Prediction of local damage (penetration, perforation, and spalling) in the impact area 

including estimation of the depth of penetration 
 
b) Estimation of barrier thickness required to prevent perforation 
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c) Prediction of the overall structural response of the barrier and portions thereof to missile 

impact. 
 
The use of a ductility ratio higher than 10 but less than the allowables given in Reference 3.5.5 
will be governed by the following conditions: 
 
(1) Reinforced concrete barriers 
 

The allowable displacement of reinforced concrete flexure members can be based on an 
upper limit for plastic hinge rotation rθ as follows: 

 

07.00065.0 ≤=
c
drθ  

 
 where 
 

d = distance from compression face to centroid of tensile steel reinforcement 
(inch) 

 
c = distance from compression face to the neutral axis at ultimate strength 

(inch) 
 

This condition is given in section C.3.5 of Appendix C and commentary to Appendix C of 
ACI 349-76.  The design of the diesel Generator 'E' Building is based on ACI 349-80. 

 
(2) Steel barriers 
 

To insure the ability of a steel beam to sustain fully plastic behavior and thus to possess 
the assumed ductility at plastic hinge formation, it is necessary that the elements of the 
beam section meet minimum thickness requirements sufficient to prevent local buckling 
failure. 

 
The conditions to preclude local buckling as given in AISC Manual are satisfied. 
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3.6   PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED 
   WITH THE POSTULATED RUPTURE OF PIPING   
 
This section describes protection against dynamic effects associated with postulated rupture of 
piping both inside and outside containment.   
 
 
3.6.1  POSTULATED PIPING FAILURES IN FLUID SYSTEMS 
 
3.6.1.1  Design Bases 
 
The underlined terms in this section are defined in Subsection 3.6.3.  The ASME Boiler and 
Pressure Vessel Code, 1971 and the Addenda through Winter 1972 are referred to as the Code in 
the text. 
 
In the design of nuclear safety systems, it is necessary to ensure that all components which are 
required for the safe shutdown of the plant will not fail as a result of a failure in a high energy or a 
moderate energy piping system.  The separation criteria and a listing of separation techniques, for 
nuclear safety systems are given in Subsections 3.12.2.1 and 3.12.2.2, respectively. 
 
Pipe breaks are postulated to occur in all high energy fluid system piping (or portion of system) in 
accordance with the criteria stated in Subsection 3.6.2. 
 
Pipe cracks are postulated to occur in all moderate energy fluid system piping in accordance with 
the criteria stated in Subsection 3.6.2.1.2. 
 
The failure of piping containing high energy fluid may lead to damage of surrounding systems and 
equipment.  The effects of such a failure including pipe whip, fluid jet impingement, flooding, 
compartment pressurization, and environmental effects require special consideration to ensure the 
following: 
 
a) The ability to shut down the reactor safely and maintain it in a safe shutdown condition 
 
b) Containment integrity 
 
c) A pipe break which is not a loss of reactor coolant must not cause a loss of reactor coolant 
 
d) Resultant doses are below the guideline values of 10CFR 50.67. 
 
A design basis for Susquehanna SES is that a postulated pipe break inside the containment (up to 
and including a rupture of the recirculation piping), in conjunction with the SSE, plus a single failure 
will not prevent the plant from accomplishing the above.  For outside the containment, the single 
failure is qualified per NRC Branch Technical Position APCSB BTP 3-1, paragraph B.3.b.3.  No 
credit is taken for non-seismic system in plant shutdown following a SSE, with the exception of the 
components and piping systems described in Subsection 6.7. 
 
Components which are required to operate for a safe shutdown of the plant are protected from the 
below listed effects of postulated pipe failures, unless it can be demonstrated that the function of 
the safety equipment is not impaired. 
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Pipe Whip 
 
Pipe whip is assumed to be one consequence of a guillotine failure of a high energy pipe.  Cracks 
in moderate energy systems do not cause pipe whip.  Pipe whip is an unrestrained pipe movement 
of either end of the ruptured pipe in any direction about a plastic hinge formed at the nearest pipe 
whip restraint. 
 
A whipping pipe is assumed to rupture an impacted pipe of smaller nominal pipe size, and of the 
same nominal size with smaller wall thickness.  A whipping pipe is assumed to have sufficient 
energy to cause the failure of impacted electrical cable ways and instrumentation unless the 
equipment can be shown to be sufficiently strengthened or protected.  High energy piping is 
located away from the essential safety system wherever practical.  Otherwise, pipe whip restraints 
are located on the piping to prevent pipe whip. 
 
Jet Impingement 
 
Jet impingement loads (due to pipe failures) on equipment and safety systems are considered.  
Protection against the jet impingement is provided either by separation by adding additional 
supports, or by the addition of barriers and enclosures. 
 
Environmental 
 
Pipe failures in high and moderate energy lines will release fluid which can increase temperature, 
pressure, and humidity in the vicinity of the pipe failure and also in remote areas that communicate 
with the local atmosphere.  Safety equipment required after the pipe failure may be exposed to 
abnormal conditions which can degrade the capability of the equipment to perform its function. 
 
Safety related equipment is qualified to meet the postulated environmental conditions. 
 
Piping systems whose failure might generate hazardous environmental condition are located in 
compartments which are capable of being isolated from required safety systems.  Isolation, where 
necessary, of compartments which enclose high energy lines is provided by maintaining normally 
closed accessways and providing automatic isolation of other communication paths, such as 
ventilation ductwork.  Compartments are designed to withstand internal pressurization or are 
provided with vent capability to the atmosphere. 
 
Pressure rise analysis and verification of structural adequacy of enclosures used to provide 
protection are discussed in Subsections 6.2.3, 3.8.1, 3.8.2, 3.8.3, and 3.8.4.  Transportation of a 
steam environment which could affect the habitability of the control room has been discussed in 
Subsection 6.4.2.4. 
 
An additional environmental consequence of pipe failure is radiation.  Safety equipment is 
designed to tolerate the integrated exposure resulting from normal plant operations.  Safety 
equipment inside the containment is designed for the additional exposure resulting from a DBA. 
 
Water Spray 
 
Water alone is a hazard to certain equipment, particularly electric equipment.  Safety equipment is 
protected from water sprays by barriers or by enclosure of the equipment.  In most cases, spatial 
separation is adequate to prevent spray from reaching the equipment. 
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Flooding 
 
Any significant failure of a steam or fluid system may result in flooding.  The flooding rate and the 
total fluid volume released are computed based on the break configuration, the service of the 
system, and the time required to isolate the system. 
 
For compartments containing safety equipment, design features are provided to permit rapid 
detection and isolation of flooding due to major line breaks, except where it can be demonstrated 
that flooding will not affect the performance of the equipment or its redundant counterpart. 
 
Because of the high degree of separation in Susquehanna SES, failure of ECCS equipment due to 
flooding will always be limited to one division of equipment.  All non-safety grade piping in ECCS 
and other safety-related areas whose failure could potentially reduce the function of a 
safety-related plant feature to an unacceptable safety level, have been analyzed for the effects of a 
seismic event.  This analysis is performed consistent with Regulatory Guide 1.29 paragraph C.2.  A 
single failure is postulated and system availability is consistent with BTP APCSB 3-1, B.3.b. 
 
If the initiating event is a break in a primary reactor coolant line, with subsequent leakage in an 
ECCS equipment room, isolation of the ECCS equipment room is required to prevent the depletion 
of the suppression pool inventory thus ensuring that long-term cooling capacity is adequate.  This 
is discussed in Subsection 6.3.6. 
 
If the initiating event is a pipe break in an ECCS equipment room, isolation is not required for 
long-term cooling adequacy.  However, the room will be isolated and the equipment in the room 
declared inoperative, consistent with the requirements of the Technical Specifications. 
 
Refer to Section 3.4 for additional information regarding flood protection from postulated piping 
failures inside the Reactor Building. 
 
3.6.1.2  Description 
 
A listing of high energy fluid system piping is provided in Table 3.6-1.  A listing of moderate energy 
fluid piping systems is provided in Table 3.6-1a.  Proximity of the essential systems and 
components in relation to the high and moderate energy fluid system piping is reviewed and the 
essential systems and components are either relocated to achieve separation, protection against 
the effects of pipe failure is provided, or it can be shown that the effects of pipe failure could be 
withstood.  Tables 3.6-2 and 3.6-3 show those safety components in close proximity to high energy 
fluid system piping which required jet impingement protection.  The method used to protect each 
component is also shown. 
 
Some of the high energy fluid system piping is separated from all essential systems and 
components.  These piping systems are listed in Table 3.6-1 designated by Note 1. 
 
Descriptions of some typical high energy fluid system piping are provided below. 
 
 
3.6.1.2.1  Main Steam System 
 
Separation 
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The main steamlines inside the containment are routed, wherever possible, away from safety 
related equipment.  Two steamlines, A and B, are connected to the north side of the reactor vessel 
and the other two steamlines, C and D, are connected to the opposite side of the vessel. 
 
To avoid failing all the main steam ADS safety relief valves by a single rupture of a main steam 
pipe, the ADS valves are divided so that three ADS valves are connected to the A and B lines, and 
the remaining ADS valves are connected to the C and D lines. 
 
To avoid failing both the RCIC and HPCI steam supply lines by a single rupture of a main steam 
pipe, the RCIC is connected to main steamline C and the HPCI is connected to main steamline B. 
 
Besides those areas identified in Tables 3.6-2 and 3.6-3, the main steam lines are separated by 
adequate distance from safety-related components.  The following design features have been 
incorporated into the main steamlines to ensure the core cooling capability over the entire range of 
operating and postulated accident conditions. 
 
1) A flow restrictor (venturi) is located in each main steamline just upstream of the inboard 

isolation valve.  The purpose is to limit the flow of steam and therefore the loss of reactor 
coolant from the reactor vessel in the event of a postulated break in this line, outside the 
primary containment. 

 
2) The safety/relief valves protect the main steamlines from abnormal pressure.  The 

safety/relief valves, besides protecting the steamlines against over-pressurization, 
precipitate the initiation of the LPCI mode of the RHR system for smaller pipeline breaks by 
rapidly depressurizing the reactor vessel. 

 
3) Separate main steam loops supply high pressure steam to run the turbine driven pumps of 

RCIC and HPCI systems.  Should steam power not be available to drive the reactor 
feedwater pumps during shutdown, part of the residual steam will be used to drive the 
turbine in the RCIC system which supplies makeup water to the reactor from the 
condensate storage tanks or the suppression pool. 

 
In addition, the following design features are incorporated into the design to ensure isolation valve 
operability and the leaktight integrity of the containment: 
 
a) The piping between the containment isolation valves is designed to meet "no break" criteria 

stress limits of Subsection 3.6.2.1.1. 
 
b) Moment limiting restraints are placed upstream of inside containment isolation valves and 

downstream of outside containment isolation valves for HPCI, RCIC, feedwater outside 
containment, main steam drain, main steam and RWCU pipes. 

 
c) Plate barriers are provided to protect the inboard main steam isolation valve operators from 

a high energy pipe break of the feedwater lines.  In addition, the main steam isolation valve 
limit switch support brackets are reinforced to address the jet impingement effects from a 
high energy break of the recirculation nozzles.  The actuator springs are capable of closing 
the main steam isolation valves under jet impingement conditions without pneumatic assist, 
see Section 5.4.5.2. 

 
Pipe Break Locations and Pipe Whip Restraints 
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The postulated pipe break locations and the type of the break are determined based on the criteria 
given in Subsection 3.6.2.  Figures 3.6-1A, 3.6-1B, 3.6-1C and 3.6-1D shows the locations of 
postulated pipe breaks and pipe whip restraints.  The main steamlines are restrained inside the 
primary containment to prevent the main steam pipe whip.  The main steamlines in the turbine 
building are separated from essential systems and components. 
 
Verification of the Safe Shutdown of the Plant 
 
1) The routing of main steam piping, locations of pipe whip restraints, and the protective 

measures described in Table 3.6-2 ensure that the emergency core cooling systems are 
not adversely affected by a postulated pipe break in the main steam lines. 

 
2) Subsequent to any postulated pipe break in the main steamlines, containment isolation is 

achieved by closure of either or both of the isolation valves and the safe shutdown of the 
plant is accomplished by the emergency core cooling systems. 

 
 
3.6.1.2.2  Feedwater System 
 
Separation 
 
The feedwater spargers are connected to opposite sides of the reactor vessel.  The sparger 
restricts the rate of loss of reactor water level in the event of a postulated pipe break inside the 
primary containment.  The spargers are then connected into two feedwater loops, which run in 
parallel through the primary containment and which are reasonably separated from safety related 
components. 
 
Pipe whip restraints are provided inside the primary containment to prevent one feedwater pipe 
from damaging the other as a result of pipe break. 
 
The two feedwater lines extend outside the primary containment before they connect to a common 
header.  Restraints are also provided outside the containment.  Bumpers are provided at the end of 
the header, before it enters the turbine building. 
 
The HPCI return line taps into one of the feedwater lines and the RCIC taps into the other.  The 
RWCU return line taps into both feedwater lines. 
 
The feedwater piping in the turbine building is separated from essential systems and components. 
 
The following design features have been incorporated into the design of feedwater lines to ensure 
isolation valve operability and the leaktight integrity of the containment: 
 
a) The piping between the containment isolation valves is designed to meet the "no break" 

criteria stress limits of Subsection 3.6.2. 
 
b) Moment limiting restraints are placed upstream of two outside containment isolation valves 

to protect against the pipe break beyond the restraints.  Inside containment check valves on 
one feedwater line are protected against the pipe break postulated in the other feedwater 
line.  The containment penetration flued head is designed to withstand pipe break loads. 
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Pipe Break Locations and Pipe Whip Restraints 
 
The postulated pipe break locations and the type of the break are determined based on the criteria 
given in Subsection 3.6.2.  The Figure 3.6-2 shows the locations of postulated pipe breaks and 
pipe whip restraints.  The feedwater lines are restrained inside the primary containment to prevent 
pipe whip.  
 
Verification of Safe Shutdown of the Plant 
 
1) For any postulated pipe break in the feedwater piping inside or outside the primary 

containment, isolation of the reactor and the containment from the external environment is 
provided by the two containment isolation valves located outside primary containment.  The 
outermost containment isolation valve provides positive closure by virtue of being a stop 
check valve. 

 
For a feedwater line break inside containment, the operability of the containment valve 
inside containment is not credited as providing containment isolation, as described in 
Section 6.2.4, for this event. 

 
2) The two feedwater lines are restrained to prevent pipe whip damage.  The HPCI, which is a 

high pressure emergency core cooling system, taps into one feedwater loop while the RCIC 
taps into the other loop to ensure adequate core cooling.  In addition to the HPCI and the 
RCIC, the ADS relief valves and the RHR system, which are not in this area, are also 
available for core cooling. 

 
 
3.6.1.2.3  High Pressure Coolant Injection (HPCI) System 
 
Separation 
 
The steam supply line to the HPCI turbine taps off main steamline B, inside the primary 
containment.  The piping is routed, wherever possible, away from safety related components which 
are required for the safe shutdown of the plant.  
 
For small line pipe breaks, the HPCI system functions as a redundant system to the combination of 
ADS and LPCI (mode of RHR) system.  The routing of this pipe ensures that any postulated pipe 
break does not disable the ADS function. 
 
Proximity of the essential systems and components in relation to the HPCI lines were reviewed and 
the findings listed in Tables 3.6-2 and 3.6-3. 
 
Pipe Break Locations and Pipe Whip Restraints 
 
The postulated pipe break locations and the type of the break are determined based on the criteria 
given in Subsection 3.6.2. 
 
Figure 3.6-3 shows the locations of postulated pipe breaks and pipe whip restraints.  Pipe whip 
restraints are provided for the high energy portions of this system. 
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Verification of the Safe Shutdown of the Plant 
 
Postulated pipe breaks in this line affect neither the primary containment integrity nor the systems 
required to bring the reactor to a safe shutdown condition. 
 
If a pipe break does occur in the HPCI line, the reactor and the primary containment are isolated 
from the external environment by isolation valves.  The other emergency core cooling systems, 
ADS and LPCI (RHR), would be used to bring the reactor to a safe shutdown. 
 
 
3.6.1.2.4  Reactor Core Isolation Cooling (RCIC) System 
 
Separation 
 
The steam supply line to the RCIC turbine taps off main steamline C, inside the primary 
containment.  The piping is routed, wherever possible, away from safety related components which 
are required for the safe shutdown of the plant.  Proximity of the essential systems and 
components in relation to the RCIC lines were reviewed and the findings listed in Tables 3.6-2 and 
3.6-3. 
 
Pipe Break Locations and Pipe Whip Restraints 
 
The postulated pipe break locations and the types of breaks are determined based on the criteria 
given in Subsection 3.6.2. 
 
Figure 3.6-4 shows the location of postulated pipe breaks and pipe whip restraints.  Pipe whip 
restraints are provided for the high energy portions of this system. 
 
Verification of the Safe Shutdown of the Plant 
 
Postulated pipe breaks in this line neither affect the primary containment integrity nor the systems 
required to bring the reactor to a safe shutdown condition. 
 
If a pipe break does occur in the RCIC line, the reactor and the primary containment are isolated 
from the external environment by isolation valves.  Shutdown of the plant is achieved by the 
emergency core cooling systems. 
 
 
3.6.1.3  Safety Evaluation 
 
The analysis of postulated line failure and the resulting addition of restraint features into the design 
has ensured that failure in any single high energy fluid system piping in the plant will not result in 
unacceptable damage to any other safety-related system or component. 
 
 
3.6.2  DETERMINATION OF PIPE FAILURE LOCATIONS AND DYNAMIC 
  EFFECTS ASSOCIATED WITH THE POSTULATED PIPING FAILURE 
 
Information concerning break and crack location criteria and methods of analysis is presented in 
this section.  The location criteria and methods of analysis are needed to evaluate the dynamic 
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effects associated with postulated breaks and cracks in high and moderate energy fluid system 
piping inside and outside of primary containment.  This information confirms that the requirements 
for the protection of structures, systems, and components relied upon for safe reactor shutdown or 
to mitigate the consequences of a postulated pipe break have been met. 
 
The analyses to determine the postulated break and crack locations are based on the original plant 
life of 40 years.  The locations determined by those analyses and the criteria specified in this 
section are identified in Tables 3.6-6 through 3.6-15.  A fatigue monitoring program tracks the 
fatigue (cumulative usage) at all critical piping locations.  When a monitored location exceeds the 
cumulative usage predicted by the original design fatigue analysis, the affected piping system is 
evaluated to determine if any additional break and crack locations must be postulated.  Any new 
locations that are postulated are accommodated by appropriate pipe break restraints, barriers, and 
shields. 
 
 
3.6.2.1 Criteria Used To Determine Pipe Break and Crack Locations and Their 
               Configurations          
 
Pipe failures are postulated in high and moderate energy fluid systems piping that are not 
separated from essential systems and components based on the criteria given in this section.  The 
types of failures considered at those locations are also discussed in this section. 
 
 
3.6.2.1.1  High Energy Fluid System Piping Other than Recirculation System Piping 
 
Fluid System Piping Between Containment Isolation Valves 
 
Pipe breaks are not postulated in these portions of high energy fluid system piping provided the 
following additional design requirements are met: 
 
1) The following design stress and fatigue limits are satisfied: 
 
For ASME Code, Section III Class 1 piping: 
 
a) The primary plus secondary stress intensity range, Sn, calculated for normal and upset 

conditions by equation (10) of Paragraph NB-3653, does not exceed 2.4 Sm.  Or, 
 
b) The range of stress intensity, Sn, calculated for normal and upset conditions by equation 

(10) does not exceed 3.0 Sm, and the cumulative fatigue usage factor associated with 
normal, upset and testing conditions is less than 0.10.  Or, 

 
c) The range of stress intensity, Sn, calculated for normal and upset conditions by equation 

(10) exceeds 3.0 Sm, but the stress intensity ranges computed by equations (12) and (13) 
are less than 2.4 Sm.  In addition, the fatigue usage factor associated with normal, upset 
and testing conditions is less than 0.10.  And, 

 
d) The loading resulting from a postulated pipe break beyond these portions of the piping 
 

1) Does not cause the primary stress intensity, as calculated by equation (9) of 
Paragraph NB-3652 to exceed 2.25 Sm. 
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2) A plastic hinge is not formed and the operability of the isolation valve is assured. 

 
For ASME Code, Section III Class 2 and 3 piping: 
 
e) The maximum stress ranges as calculated by the sum of equations (9) and (10) in 

Paragraph NC-3652, for normal and upset conditions does not exceed 0.8(1.2Sh + SA). 
 
f) The maximum stress, as calculated by equation (9) in Paragraph NC-3652 under the 

loadings resulting from a postulated piping failure of fluid system piping beyond these 
portions of piping does not exceed 1.8S.  Higher stresses are allowed provided that the 
valve operability is not impaired. 

 
2) The piping is restrained reasonably close to the valve, such that occurrence of a 

pipe break inside or outside containment beyond these restraints will impair neither 
operability of the valve nor the integrity of the containment penetration.  Terminal 
ends of the piping runs extending beyond these portions of high energy piping are 
considered to originate at a point adjacent to these restraints. 

 
3) Welded pipe support attachments to those portions of piping penetrating 

containment are avoided to eliminate stress concentrations. 
 

4) The number of piping circumferential and longitudinal welds and branch 
connections is minimized. 

 
5) The length of piping run is minimized, consistent with requirements to keep stress 

levels low and provide access for in-service inspection. 
 

6) The design at points of pipe fixity, e.g., pipe anchors or welded connections at 
containment penetrations, do not require welding directly to the outer surface of the 
piping (e.g., flued, integrally forged pipe fittings are acceptable designs), except 
where such welds are 100 percent volumetrically examinable in service and a 
detailed stress analysis is performed to demonstrate compliance with the limits of 1) 
above. 

 
7) To the extent described in Subsection 6.6.8, the in-service examination completed 

during each inspection interval will provide 100 percent volumetric examination of 
circumferential and longitudinal pipe welds within these portions of piping.  See 
paragraphs 5.2.4.7 and 6.6.8. 

 
Fluid System Piping Other Than That Between Containment Isolation Valves 
 
Pipe breaks are postulated to occur at terminal ends, and at all intermediate break locations 
determined by one of the following two criteria: 
 
a) At each location of potential high stress such as pipe fittings (elbows, tees, reducers, etc.), 

valves, flanges, and welded attachments 
 
b) At each location where the following stress and fatigue limits are not met: 
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For ASME Code, Section III, Class 1 Piping under normal and upset conditions, 
 

1) The primary plus secondary stress intensity range, Sn, as calculated by equation 
(10) of Paragraph NB-3653, does not exceed 2.4 Sm, or 

 
2) The stress intensity range, Sn, as calculated by equation (10) of 

Paragraph NB-3653 exceeds 2.4 Sm, but is less than 3.0 Sm, and the cumulative 
fatigue usage factor is less than 0.10, or 

 
3) The stress intensity range, Sn, calculated by equation (10) exceeds 3.0 Sm, but the 

ranges of stresses computed by equations (12) and (13) of subparagraph NB-3653 
are less than 2.4 Sm and the fatigue usage factor is less than 0.10. 

 
For ASME Code, Section III, Class 1 piping: 
 
4) In the event that at least two intermediate pipe break locations cannot be determined by the 

above stress and fatigue usage criteria, a minimum of two locations of highest stress as 
calculated by equation (10) in Paragraph NB-3653, and which are separated by a change 
of direction in the pipe run, are selected. 

 
For ASME Code, Section III, Class 2 and 3 piping: 
 
5) The maximum range of stress, as calculated by the sum of equations (9) and (10) in 

Paragraph NC-3652, for normal and upset plant conditions, does not exceed 0.8 (1.2 Sh + 
SA). 

 
6) If two intermediate break locations cannot be determined by the above stress and fatigue 

usage criteria, a minimum of two locations of highest stress, as calculated by the sum of 
equations (9) and (10) in Paragraph NC-3652, and which are separated by a change in 
direction of the pipe run, are selected. 

 
For piping not designed to seismic Category I standards: 
 
7) Criteria for ASME Code, Class 2 and 3 piping was used if all necessary analyses are made.  

Otherwise, longitudinal and circumferential breaks in non-Category I piping are postulated 
in accordance with (a) above.  All breaks or cracks were assumed to occur at the worst 
location.  Only one pipe break at a time is postulated to occur concurrent with the SSE. 

 
For all classes of pipe: 
 
8) When the above stress and fatigue criteria result in less than two intermediate break 

locations, a minimum of two separated locations are chosen based on highest stress.  
Where the piping consists of a straight run without fittings, welded attachments, or valves, a 
minimum of one location is chosen.  The two locations chosen are with at least 10 percent 
difference in stress, or separated by a change of direction of pipe run if stress differs by less 
than 10 percent. 

 
For high energy piping in the Reactor Building, shown in Figures 3.6-17-1, 3.6-17-2 and 3.6-17-3, 
pipe breaks are postulated to occur at terminal ends, and at all intermediate break locations 
determined by criterion "a" above.  Alternatively, criterion “b” may be used if intermediate breaks 
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become too numerous and/or it becomes necessary to minimize the number of whip restraints 
required.  Both circumferential and longitudinal breaks are postulated at each of the intermediate 
break locations, whereas only circumferential breaks are postulated at the terminal ends.  
Additionally, NRC Generic Letter 87-11 is used on a case-by-case basis for identifying high energy 
pipe breaks. 
 
Protection in the areas shown on Figures 3.6-17-1, 3.6-17-2 and 3.6-17-3, is a combination of 
separation, barriers, and pipe whip restraints. The CRD system high energy piping as noted on 
Figure 3.6-17-1 required no restraints due to separation and barrier location. 
 
 
3.6.2.1.2  Moderate Energy Fluid System Piping Other than Recirculation Piping System  
 
1) Through-wall leakage crack locations are postulated in moderate energy piping located in 

areas containing systems important to safety.  Orientation of the crack is such as to result 
in the most adverse water spray and flooding conditions. 

 
2) Through-wall leakage crack locations are postulated in fluid system piping located within, or 

outside and adjacent to, protective structures designed to protect essential systems and 
components except in seismic Category I systems where exempted by (3), (4), or where 
the maximum stress range in these portions of Class 2 or 3 piping or non-nuclear piping as 
calculated by the sum of equations (9) and (10) in Paragraph NC-3652 is less than 
0.4(1.2Sh + SA), or where the maximum stress intensity range of Class I piping, as 
calculated by equation (9) of NB-3652, is less than 0.6 Sm. 

 
The cracks are postulated to occur individually at locations that result in the maximum effects from 
fluid spraying and flooding, with the consequent hazards on environmental conditions developed. 
 
3) No through-wall leakage crack locations are postulated in moderate energy piping systems 

in areas where high energy piping system break locations are postulated, except where a 
postulated leakage crack in the moderate energy fluid system piping results in more severe 
environmental conditions than the break in proximate high energy fluid system piping. 

 
4) Through-wall cracks are not postulated in portions of seismic Category I moderate energy 

piping between containment isolation valves, provided they meet the requirements of 
Subarticle NE-1120 of the Code and they are designed so that the maximum stress, for 
ASME Code, Section III, Class I piping, as calculated by equation (9) of Paragraph 
NB-3652, does not exceed 0.6 Sm, and the maximum stress range for Class 2, 3 or 
non-nuclear piping, as calculated by the sum of equations (9) and (10) of 
Paragraph NC-3652, does not exceed 0.4 (1.2Sh + SA). 

 
5) For moderate energy piping not designed to seismic Category I standards, through-wall 

leakage cracks are postulated at locations that result in maximum effects from fluid spray 
and flooding. 

 
 
3.6.2.1.3 Types of Breaks and Leakage Cracks in Fluid System Piping 
 Other than Recirculation Piping System     
 
Circumferential Pipe Break 
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A circumferential break is assumed to result in severance of a high energy pipe, perpendicular to 
the pipe axis, and separation amounting to at least a one-diameter lateral displacement of the 
ruptured piping section unless physically limited by piping restraints, structural members, or piping 
stiffness. 
 
Circumferential breaks are postulated in high energy fluid system piping of nominal pipe size 
greater than 1 in. at the locations determined by the criteria given in Subsection 3.6.2.1.1, except 
where it can be shown that the maximum stress is in the circumferential direction and is at least 1.5 
times the longitudinal stress, in which case only a longitudinal break is postulated. 
 
Longitudinal Pipe Break 
 
A longitudinal pipe break is an axial split parallel to pipe axis without pipe severance.  Break 
opening area is assumed to be equal to the effective cross-sectional flow area of the pipe at the 
break location and length of the break is assumed to be twice the inside diameter of the pipe.  The 
orientation of the break is assumed to be such that the jet reaction force causes out-of-plane 
bending of the piping configuration. 
 
Longitudinal pipe breaks are postulated in high energy fluid system piping of nominal size 4 in. and 
larger at the break locations determined by the criteria given in Subsection 3.6.2.1.1 with the 
following exceptions: 
 
1) Longitudinal pipe breaks are not postulated at 
 

a) Terminal ends provided the piping at the terminal ends contains no longitudinal pipe 
welds 

 
b) Intermediate break location where the criterion for a minimum number of break 

locations must be satisfied 
 

c) Where it can be shown that the maximum stress is in longitudinal direction and is at 
least 1.5 times the circumferential stress.  In this case only circumferential break 
needs to be postulated. 

 
Through Wall Leakage Cracks 
 
A through-wall leakage crack is a crack opening in a moderate energy pipe assumed as a circular 
orifice of cross-sectional flow area equal to one-half the pipe inside diameter times one-half the 
pipe wall thickness.  The crack may occur at any orientation about the circumference of the pipe 
and is postulated to occur in moderate energy piping larger than 1 in. nominal pipe diameter. 
 
 
3.6.2.1.4  Criteria for Recirculation System Piping (NSSS Supply) 
 
3.6.2.1.4.1  Definition of High Energy Fluid System 
 
See Subsection 3.6.3. 
 
 



SSES-FSAR 
Text Rev. 60 
 
 

FSAR Rev. 65 3.6-13 

3.6.2.1.4.2  Definition of Moderate Energy Fluid System 
 
There are no moderate energy lines in the recirculation system piping. 
 
 
3.6.2.1.4.3  Postulated Pipe Breaks 
 
A postulated pipe break is defined as a sudden, gross failure of the pressure boundary either in the 
form of a complete circumferential severance (guillotine break) or as development of a sudden 
longitudinal, uncontrolled crack (longitudinal split) and is postulated for high energy fluid system 
only. 
 
A high-energy piping system break is not postulated to be simultaneous with a moderate energy 
piping system crack nor is any pipe break or crack outside the containment postulated concurrently 
with a postulated pipe break inside the containment. 
 
 
3.6.2.1.4.4  Exemptions from Pipe Whip Protection Requirements 
 
Protection from pipe whip need not be provided if any one of the following conditions exist: 
 
(1) Piping which is classified as moderate energy piping. 
 
(2) Following a single postulated pipe break, piping for which the unrestrained movement of 

either end of the ruptured pipe in any feasible direction about a plastic hinge, formed within 
the piping, cannot impact any structure, system or component important to safety. 

 
(3) Piping for which the internal energy level associated with whipping is insufficient to impair 

the safety function of any structure, system, or component to an unacceptable level.  Any 
line restrictions (e.g., flow limiters) between the pressure source and break location, and 
the effects of either a single-ended or double-ended flow condition are accounted for, in the 
determination of the internal fluid energy level associated with the postulated pipe break 
reaction.  The energy level in a whipping pipe will be considered as insufficient to rupture 
an impacted pipe of equal or greater nominal pipe size and equal or heavier wall thickness. 

 
All other effects from pipe breaks, such as jet impingement, pressure, temperature, humidity, 
wetting of all exposed equipment and flooding have been considered for those breaks exempted 
by the above criteria. 
 
 
3.6.2.1.4.5  Location for Postulated Pipe Breaks 
 
Postulated pipe break locations are selected in accordance with Regulatory Guide 1.46, NRC 
Branch Technical Position APCSB 3-1, Appendix B and as expanded in NRC Branch Technical 
Position MEB 3-1.  For ASME Section III, Class 1 piping systems which are classified as high 
energy, the postulated break locations are: 
 
(1) The terminal ends of the pressurized portions of the run. 
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(2) At intermediate locations between the terminal ends where the maximum stress range 
between any two load sets (including zero load set) according to Subarticle NB-3600 ASME 
Code Section III for upset plant conditions and an independent OBE event transient, 
exceeds the following: 

 
(a) If the stress range calculated using Equation (10) of the Code exceeds 2.4 Sm but 

is not greater than 3 Sm, no breaks will be postulated unless the cumulative usage 
factor exceeds 0.1. 

 
(b) The stress ranges, as calculated by Equations (12) or (13) of the Code, exceed 2.4 

Sm or if the cumulative usage factor exceeds 0.1 when equation (10) exceeds 3 
Sm. 

 
(3) In the event that two or more intermediate locations cannot be determined by stress or 

usage factor limits, a total of two intermediate locations shall be identified on a reasonable 
basis (a) for each piping run or branch run. 

 
(a) Reasonable basis shall be one or more of the following: 

 
(1) Fitting locations 

 
(2) Highest stress or usage factor locations 

 
Where more than two such intermediate locations are possible using the application of the above 
reasonable basis, those two locations possessing the greatest damage potential will be used.  A 
break at each end of a fitting may be classified as two discrete break locations where the stress 
analysis is sufficiently detailed to differentiate stresses at each postulated break. 
 
 
3.6.2.1.4.6  Types of Breaks to be Postulated in Fluid System Piping 
 
The following types of breaks are postulated in high energy fluid system piping: 
 
(1) No breaks need be postulated in piping having a nominal diameter less than or equal to 

one inch. 
 
(2) Circumferential breaks are postulated only in piping exceeding a one inch nominal pipe 

diameter. 
 
(3) Longitudinal splits are postulated only in piping having a nominal diameter, equal to or 

greater than 4 inches. 
 
(4) Circumferential breaks are to be assumed at all terminal ends and at intermediate locations 

identified by the criteria in Subsection 3.6.2.1.4.5.  At each of the intermediate postulated 
break locations identified to exceed the stress and usage factor limits of the criteria in 
Subsection 3.6.2.1.4.5 either a circumferential or a longitudinal break, or both, shall be 
postulated per the following: 

 
a. Circumferential breaks shall be postulated at fitting joints and; 

 



SSES-FSAR 
Text Rev. 60 
 
 

FSAR Rev. 65 3.6-15 

b. Longitudinal breaks shall be postulated in the center of the fitting at two 
diametrically opposed points (but not concurrently) located so that the reaction force 
is perpendicular to the plane of the piping and produces out-of-plane bending. 

 
c. Consideration shall be given to the occurrence of either a longitudinal or 

circumferential break.  Examination of the state of stress in the vicinity of the 
postulated break location may be used to identify the most probable type of break.  
If the maximum stress range in the longitudinal direction is greater than 1.5 times 
the maximum stress range in the circumferential direction, only the circumferential 
break may be postulated, and conversely if maximum stress range in the 
circumferential direction is greater than 1.5 the stress range in the longitudinal 
direction, only the longitudinal break may be postulated.  If no significant difference 
between the circumferential and longitudinal stresses is determined, then both 
types of breaks shall be considered. 

 
d. At intermediate locations chosen to satisfy the minimum break location criteria, only 

circumferential breaks shall be postulated. 
 
(5) For design purposes, a longitudinal break area shall be assumed to be the equivalent of 

one circumferential pipe area unless analytical methods representing test results can 
conservatively reduce forces based on a mechanistic approach. 

 
(6) For both longitudinal and circumferential breaks, after assessing the contribution of 

upstream piping flexibilities, pipe whipping is assumed to occur in the plane defined by the 
piping geometry and configuration for circumferential breaks and out-of-plane for 
longitudinal breaks, and to cause pipe movement in the direction of the jet reaction. 

 
(7) For a circumferential break, the dynamic force of the jet discharge at the break location will 

be based upon 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.  
Justifiable line restrictions, flow limiters, and the absence of energy reservoirs shall be 
used, as applicable, in the reduction of the jet discharge. 

 
 
3.6.2.1.5  High Energy Fluid Systems With and Without Sufficient Capacity to Develop a 
      Jet Stream           
 
Some of the high energy fluid system piping do not have any flow during plant normal and upset 
operating conditions.  These lines have either a check valve or a normally closed valve in the 
system.  Only that portion of the piping between the RPV and the check valve of the normally 
closed valve, is considered to be high energy system. 
 
For a postulated pipe break in the high energy portion of the system, that portion of the piping 
towards the normally closed valve, is considered not to have fluid energy reservoir with sufficient 
capacity to cause pipe whip.  Table 3.6-13 lists these systems and the reservoirs with and without 
sufficient capacity to develop a jet stream. 
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3.6.2.2  Analytical Models to Define Forcing Functions and Response Models 
 
3.6.2.2.1  For Piping Other than Recirculation Piping System 
 
Analyses are performed for the pipe failure postulated in Subsection 3.6.2.1.  Analysis of jet thrust 
forces which result in the event of a pipe rupture are described in Section 2.2 of Reference 3.6-2.  
Fluid jet impingement forces are discussed in Section 2.3 of Reference 3.6-2.  Impulsive loading 
and impact combined with impulsive loading are described in Sections 3.2 and 3.3 respectively of 
Reference 3.6-2.  Alternatively, nonlinear time history dynamic analyses are performed.  The 
forcing function used in piping dynamic analysis is obtained using Reference 3.6-1 and Reference 
3.6-7.  A typical forcing function and the piping system model used for the dynamic response 
analysis is provided on Figure 3.6-12 and Figure 3.6-12a. 
 
A typical piping system model used in the dynamic analysis is provided on Figure 3.6-11A. 
 
Protection against the pipe whip is accomplished by restraining the motion of the pipe after pipe 
break.  The pipe whip restraints are designed with energy absorbing components, i.e., crushable 
honeycomb, in the direction of the pipe whip.  Crushable honeycomb limits the reaction load in the 
whip restraint in most cases to about 80% of the design yield load for the restraint and absorbs the 
energy to greatly reduce the tendency of the pipe to rebound after impact.1 
 
When the required energy absorption is too great to be entirely accomplished by the honeycomb, 
the plastic deformation capability of the whip restraint itself is taken into account.  The structural 
steel whip restraint is permitted to have plastic deformation that results in ductility ratio no greater 
than 20.2  For structural steel subjected to shock and impact loading, ductility ratio of 20 is an 
acceptable practice (Reference 3.6-9).  Reference 3.6-8 was used in determining the response of 
the piping system under pipe break loads. 
 
The criteria for the dynamic analyses are as follows: 
 
1) An analysis of the piping system is performed for each longitudinal and circumferential 

postulated rupture at the break locations determined in accordance with the criteria of 
Subsection 3.6.2.1. 

 
2) The loading condition of a piping system prior to postulated rupture in terms of internal 

pressure, temperature, and stress state is that condition associated with reactor operating 
at 100 percent power. 

 
3) For a circumferential rupture, pipe whip dynamic analyses are performed only for that end 

(or ends) of the pipe or branch that is connected to a contained fluid energy reservoir 
having sufficient capacity to develop a jet stream. 

 

                                            
    1 Energy absorption capacity of the honeycomb associated with crushing up to 60% of its original height 

is used in the design calculations.  The load deflection curve in this region is relatively flat. 

    2 Ductility ratio is defined as plastic strain (deformation) divided by the strain (deformation, at yield 
strength of the material. 
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4) Dynamic analytic methods used for calculating the piping and piping/restraint system 
response to the pipe break forces adequately account for the effects of: 

 
a) Translational masses (and rotational masses for major components) and stiffness 

properties of the piping system, restraint system, major components, and support 
walls 

 
b) Transient forcing function(s) acting on the piping system 

 
c) Elastic and inelastic deformation of piping and/or restraint 

 
d) The design clearance between the pipe and the restraint. 

 
5) A 10 percent increase of minimum specified design yield strength (Sy) is used to account 

for strain rate effects in inelastic nonlinear analyses. 
 
Figures 3.6-1A to 3.6-8E show the pipe break locations and pipe break restraint locations and 
Tables 3.6-6a, 3.6-6b, 3.6-6c, 3.6-6d, 3.6-6e, 3.6-6f, 3.6-6g, 3.6-6h, 3.6-7, 3.6-7a, 3.6-8, 3.6-8a, 
3.6-9, 3.6-9a, 3.6-10, 3.6-10a, 3.6-11, 3.6-11a, 3.6-12a, 3.6-12a.1, 3.6-12a.2, 3.6-12a.3, 3.6-12a.4, 
3.6-12a.5, 3.6-12a.6, 3.6-12a.7, 3.6-12b, 3.6-12b.1, 3.6-12b.2, 3.6-12b.3, 3.6-12b.4, 3.6-12c.1, 
3.6-12d.1, 3.6-12d.3, 3.6-12e.1, 3.6-12e.2, and 3.6-12e.3.  3.6-13 show the summary of the 
analysis of main steam, feedwater water, HPCI, RCIC, CORE SPRAY, RHR SUPPLY and RHR 
Return Lines, Head Vent Line, Head Spray, STANDBY LIQUID CONTROL, and MSIV Drain Lines. 
 
These figures and tables indicate the breaks for which dynamic analysis was performed and the 
type of the break assumed. 
 
 
3.6.2.2.2  Analytic Methods to Define Blowdown Forcing Functions and Response Models 
   for Recirculation Piping System (NSSS Supply)   
 
3.6.2.2.2.1  Analytical Methods to Define Blowdown Forcing Functions 
 
The rupture of a pressurized pipe causes the flow characteristics of the system to change, creating 
reaction forces which can dynamically excite the piping system.  The reaction forces are a function 
of time and space and depend upon fluid state within the pipe prior to rupture, break flow area, 
frictional losses, plant system characteristics, piping system, and other factors.  The methods used 
to calculate the reaction forces for recirculation piping system are presented in the following 
sections. 
 
The criteria used for calculation of fluid blowdown forcing functions includes: 
 
(1) Circumferential breaks are assumed to result in pipe severance and separation amounting 

to at least a one-diameter lateral displacement of the ruptured piping sections unless 
physically limited by piping restraints, structural members, or piping stiffness as is 
demonstrated by the inelastic pipe whip analysis (Subsection 3.6.2.2.2.2). 

 
(2) The dynamic force of the jet discharge at the break location are 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 
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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. 

 
(3) A rise time not exceeding one millisecond is used for the initial pulse. 
 
Blowdown forcing functions are determined by either of two methods given in (1) and (2) below: 
 
(1) The predicted blowdown forces on pipes fed by a pressure vessel can be described by 

transient and steady state forcing functions.  The forcing functions used are based on 
methods described in Reference 3.6-6.  These are simply described as follows: 

 
a. The transient forcing functions at points along the pipe, result from the propagation 

of waves (wave thrust) along the pipe, and from the reaction force due to the 
momentum of the fluid leaving the end of the pipe (blowdown thrust). 

 
b. The waves cause various sections of the pipe to be loaded with time-dependent 

forces.  It is assumed that the pipe is one-dimensional, in that there is no 
attenuation or reflection of the pressure waves at bends, elbows, and the like.  
Following the rupture, a decompression wave is assumed to travel from the break 
at a speed equal to the local speed of sound within the fluid.  Wave reflections will 
occur at the break end, changes in direction of piping, and the pressure vessel until 
a steady flow condition is established.  Vessel and free space conditions are used 
as boundary conditions.  The blowdown thrust causes a reaction force 
perpendicular to the pipe break. 

 
c. The initial blowdown force on the pipe is taken as the sum of the wave and 

blowdown thrusts and is equal to the vessel pressure (Po) times the break area (A).  
After the initial decompression period (i.e., the time it takes for a wave to reach the 
first change in direction), the force is assumed to drop off to the value of the 
blowdown thrust (i.e., 0.7 PoA). 

 
d. Time histories of transient pressure, flow rate, and other thermodynamic properties 

of the fluid can be used to calculate the blowdown force on the pipe using the 
following equation: 

 
 

A 
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Where 
 
F = Blowdown Force 
P = Pressure at exit plane 
Pa = Ambient pressure 
u = Velocity at exit plane 
ρ = Density at exit plane 
A = Area of break 
g = Gravitational constant 
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e. Following the transient period a steady-state period is assumed to exist.  

Steady-state blowdown forces are calculated including frictional effects.  For 
saturated steam, these effects reduce the blowdown forces from the theoretical 
maximum of 1.26 PoA.  The method of accounting for these effects is presented in 
Reference 3.6-3.  For subcooled water, a reduction from the theoretical maximum 
of 2.0 PoA is found through the use of Bernoulli's and standard equations such as 
Darcy's equation, which account for friction. 

 
(2) The following is an alternate method for calculating blowdown forcing functions. 
 

The computer code RELAP3 (Ref. 3.6-4) is used to obtain exit plane thermodynamic states 
for postulated ruptures.  Specifically, RELAP3 supplies exit pressure, specific volume and 
mass rate.  From these data the blowdown reaction load is calculated using the following 
relation: 

 

c
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Where 
 
 T = Thrust Per unit Break Area – Lb/ft2 
 Ae 
 
 PE = Exit Pressure – Lb/ft2 
 
 P00 = Receiver Pressure – Lb/ft2 
 
 GE = Exit Mass Flux – Lb/Sec-ft2 
 

  = Exit Specific Volume – ft3/Lb 
 
 gc = Gravitational Constant – 32.174  Ft-Lbm/sec2-Lbf 
 
 R = Reaction Force on the Pipe – Lb 
 
 Ate = Effective Target Area – ft2 

 
3.6.2.2.2.2  Pipe Whip Dynamic Response Analysis for Recirculation Piping System 
 
The prediction of time-dependent and steady-thrust reaction loads caused by blowdown of 
sub-cooled, saturated, and two-phase fluid from a ruptured pipe is used in design and evaluation of 
dynamic effects of pipe breaks.  A detailed discussion of the analytical methods employed to 
compute these blowdown loads is given in Subsection 3.6.2.2.2.1.  Analytical methods used to 
account for this loading are discussed below. 

E V 
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The criteria used for performing the pipe whip dynamic response analyses include: 
 
(1) A pipe whip analysis is performed for each postulated pipe break.  However, a given 

analysis can be used for more than one postulated break location if the blowdown forcing 
function, piping and restraint system geometry and piping and restraint system properties 
are conservative for other break locations. 

 
(2) The analysis includes the dynamic response of the pipe in question, and the pipe whip 

restraints which transmit loading to the structures. 
 
(3) The analytical model adequately represents the mass/inertia and stiffness properties of the 

system. 
 
(4) Pipe whipping is assumed to occur in the plane defined by the piping geometry and 

configuration, and to cause pipe movement in the direction of the jet reaction. 
 
(5) Piping within the broken loop is no longer considered part of the RCPB.  Plastic 

deformation in the pipe is considered as a potential energy absorber.  Limits of strain are 
imposed which are similar to strain levels allowed in restraint plastic members.  Piping 
systems are designed so that plastic instability does not occur in the pipe at the design 
dynamic and static loads unless damage studies are performed which show the 
consequences does not result in direct damage to any essential system or component. 

 
(6) Components such as vessel safe ends and valves which are attached to the broken piping 

system and do not serve a safety function or whose failure would not further escalate the 
consequences of the accident, are not designed to meet ASME Code imposed limits for 
essential components under faulted loading.  However, if these components are required 
for safe shutdown, or serve a safety function to protect the structural integrity of an 
essential component, limits to meet the Code requirements for faulted conditions and limits 
ensure operability if required will be met. 

 
The pipe whip analysis was performed using the PDA computer program (Reference 3.6-5).  PDA 
is a computer program used to determine the response of a pipe subjected to the thrust force 
occurring after a pipe break.  The program treats the situation in terms of generic pipe break 
configuration, which involves a straight, uniform pipe fixed at one end and subjected to a 
time-dependent thrust-force at the other end.  A typical restraint used to reduce the resulting 
deformation is also included at a location between the two ends.  Nonlinear and time-independent 
stress-strain relations are used for the pipe and the restraint.  Similar to the plastic-hinge concept, 
bending of the pipe is assumed to occur only at the fixed end and at the location supported by the 
restraint. 
 
Shear deformation is also neglected.  The pipe bending moment-deflection (or rotation) relation 
used for these locations is obtained from a static nonlinear cantilever beam analysis.  Using the 
moment-rotation relation, nonlinear equations of motion of the pipe are formulated using an energy 
consideration and the equations are numerically integrated in small time steps to yield time-history 
information of the deformed pipe. 
 
A comprehensive verification has been performed to demonstrate the conservatisms inherent in 
the PDA pipe whip computer program and the analytical methods utilized.  This is described in 
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Reference 3.6-6.  Part of this verification program included an independent analysis by Nuclear 
Services Corporation, under contract to the General Electric Company, of the recirculation piping 
system for the 1969 Standard Plant Design.  The recirculation piping system was chosen for study 
due to its complex piping arrangement and assorted pipe sizes.  The NSC analysis included 
elastic-plastic pipe properties, elastic-plastic restraint properties and gaps between the restraint 
and pipe and is documented in Reference 3.6-6.  The piping/restraint system geometry and 
properties and fluid blowdown forces were the same in both analyses.  However, a linear 
approximation was made by NSC for the restraint load - deflection curve supplied by GE.  This 
approximation is demonstrated in Figure 3.6-15.  The effect of this approximation is to give lower 
energy absorption of a given restraint deflection.  Typically, this yields higher restraint deflections 
and lower restraint to structure loads than the GE analysis.  The deflection limit used by NSC is the 
design deflection at one-half of the ultimate uniform strain for the GE restraint design.  The restraint 
properties used for both analyses are provided in Table 3.6-4. 
 
A comparison of the NSC analysis with the PDA analysis, as presented in Table 3.6-5 and 
Figure 3.6-16, shows that PDA predicts higher loads in 15 of the 18 restraints analyzed.  This is 
due to the NSC model including energy absorbing effects in secondary pipe elements and 
structural members.  However, PDA predicts higher restraint deflections in 50% of the restraints.  
The higher deflections predicted by NSC for the lower loads are caused by the linear 
approximation used for the force - deflection curve rather than by differences in computer 
techniques.  This comparison demonstrates that the simplified modeling system used in PDA is 
adequate for pipe rupture loading, restraint performance and pipe movement predictions within the 
meaningful design requirements for these low probability postulated accidents. 
 
 
3.6.2.3  Dynamic Analysis Methods to Verify Integrity and Operability 
 
3.6.2.3.1  For Piping Other than Recirculation Piping System 
 
Pipe whip restraints and compensating struts are used to control pipe whipping during a postulated 
rupture of the pipe.  Barriers are used to protect components against jet impingement. 
 
Compensating struts are mechanical snubbers used to perform the following functions: 
 
a. Permit unrestrained thermal motion of the pipe. 
 
b. Restrain pipe motion under seismic and other dynamic loads, and 
 
c. Resist sustained loads resulting from a pipe break. 
 
The pipe whip restraints used to protect the mechanical components are designed either as a part 
of the normal restraint system or as independent restraints.  The independent restraints are 
designed solely to control movement of the pipe following pipe break and function only during pipe 
break.  A typical pipe whip restraint of this type is shown in Figure 3.6-10. 
 
Pipe whip restraints are placed near the isolation valves whose operability is required.  These pipe 
whip restraints are an integral part of the normal pipe support system and are designed to pipe 
break loads.  A typical pipe whip restraint arrangement to protect the isolation valve is shown in 
Figure 3.6-11. 
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A time-history dynamic analysis of the piping near isolation valves is performed for the pipe break 
loads and stresses in the pipe and loads on the restraints are determined.  The stress in the pipe at 
the isolation valve is maintained below yield strength of the material to ensure valve operability.  
Since the section modulus of the valve is much greater than that of the pipe, the stress in the valve 
body would be below yield strength of the valve.  Therefore, the deformations in the valve body 
would be small and would be in the elastic range such that binding of the valve internals cannot 
occur. 
 
 
3.6.2.3.1.1  Design Loading Combinations 
 
The design loading combinations applied in the design of the restraints for equipment and piping 
are categorized with respect to the plant operating conditions which are identified as normal, upset, 
emergency, and faulted as described in Table 3.9-1. 
 
 
3.6.2.3.1.2  Design Stress Limits 
 
Integral Restraints - when restraints for equipment piping are designed as an integral part of the 
normal support system, the design loading combinations for normal, upset, emergency, and faulted 
conditions are applicable.  In evaluating the supports and restraints for ASME, Section III, Classes 
1, 2, and 3 piping, the design stress limits applied in evaluating loading combinations for normal, 
upset, emergency, and faulted (except for pipe rupture) conditions are those given in Table 3.9-11.  
After rupture of the supported pipe occurs, the piping system is no longer within the jurisdiction of 
ASME Section III because the pressure boundary has been breached.  The restraints are 
evaluated for pipe rupture loads as described in Subsection 3.6.2.2.1. 
 
Independent Restraints - when restraints are designed solely to control movement following a 
postulated pipe rupture and to function independently of the normal support system, only the 
design pipe rupture loads are applicable. 
 
To ensure that restraints do function independently of the normal support system, the motions of 
the intact pipe due to all normal and upset plant conditions and the vibratory motion of the SSE are 
calculated and used to specify a minimum clearance between the pipe and the restraint.  Wherever 
possible, gaps between pipes and restraints are maximized to avoid possible contact during plant 
operation.  Where a particular location requires minimizing a gap, special features are provided to 
permit adjustment of the gap size during hot functional testing. 
 
The restraints are evaluated for the pipe rupture loads as described in Subsection 3.6.2.2.1. 
 
 
3.6.2.3.2  Dynamic Analysis Methods to Verify Integrity and Operability for Recirculation 
 Piping System (NSSS Supply)          
 
3.6.2.3.2.1  Jet Impingement Analyses and Effects on Safety Related Components 
 Resulting from Postulated Ruptures of the Recirculation Piping System   
 
The methods used to evaluate the jet effects resulting from the postulated breaks of recirculation 
piping are same as those discussed in Subsection 3.6.2.3.1. 
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3.6.2.3.2.2  Pipe Whip Effects Following a Postulated Rupture of the Recirculation System 
                 Piping             
 
Pipe whip (displacement) effects on safety related structures, systems and components can be 
placed in two categories:  (l) pipe displacement effects on components (nozzles, valves, tees, etc.) 
which are in the same piping run that the break occurred in; and (2) pipe whip or controlled 
displacements onto external components such as building structure, other piping systems, cable 
trays and conduits, etc. 
 
(1) Pipe displacement effects on components in same piping run. 
 

a. The criteria which is used for determining the effects of pipe displacements on 
in-line components is as follows: 

 
(i) Components such as vessel safe ends and valves which are attached to the 

broken piping system and do not serve a safety function or whose failure 
would not further escalate the consequences of the accident, need not be 
designed to meet ASME Code Section III imposed limits for essential 
components under faulted loading. 

 
(ii) If these components are required for safe shutdown, or serve a safety 

function to protect the structural integrity of an essential component, limits to 
meet the Code requirements for faulted conditions and limits to ensure 
operability, if required, will be met. 

 
b. The methods used to calculate the pipe whip loads on piping components in the 

same run as the postulated break are described in Subsection 3.6.2.2.2.2. 
 
(2) Pipe displacement effects on structures, other systems and components. 
 

a. Pipe displacement effects on structures are as follows: 
 
The drywell floor and the reactor pedestal support pipe whip restraints for the 28 in. diameter 
recirculation loop piping.  A description of the loading on these structures due to a postulated 
rupture of a 28 in. diameter recirculation loop pipe is given in Subsection 3.8.3.3.2.1. 
 
The reactor shield wall supports pipe whip restraints for the 12 in. and 22 in. diameter recirculation 
loop piping.  The equivalent static loads on the reactor shield wall due to a postulated rupture of a 
recirculation loop pipe are specified by G.E. and are as follows: 
 

Pipe Diameter  Equivalent Static 
(in.)  Load (kips) 
   
12  270 
   
22  630 
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3.6.2.3.2.3  Loading Combinations and Design Criteria for Recirculation Piping Pipe 
  Whip Restraints            
 
Pipe whip restraints, as differentiated from piping supports, are designed to function and carry load 
for an extremely low probability gross failure in a piping system carrying high energy fluid.  The 
piping integrity does not usually depend on the pipe whip restraints for any loading combination.  
When the piping integrity is lost because of a postulated break, the pipe whip restraint acts to limit 
the movement of the broken pipe to an acceptable distance.  The pipe whip restraints (i.e., those 
devices which serve only to control the movement of a ruptured pipe following gross failure) will be 
subjected to once in a lifetime loading.  For the purpose of design, the pipe break event is 
considered to be a faulted plant condition, and other unbroken pipe, its restraints, and structure to 
which the restraint is attached, are analyzed and designed accordingly. 
 
The pipe whip restraint devices designed, tested, fabricated and installed by GE for the 
recirculation loop piping, utilize energy absorbing wire rope cable restraints.  The wire rope cable 
restraint uses a low clearance design with a frame attached to a support and carbon steel wire 
ropes restraining the pipe.  The low clearances between the cable restraints and the pipe prevent 
the pipe from building up a large amount of kinetic energy.  Thus, the cables have to absorb only a 
limited quantity of energy, and resist large forces.  A conceptual sketch for the restraints is shown 
in Figure 3.6-13.  However, the restraints do have some clearance between them and the process 
pipe to allow for installation of some normal pipe insulation, and thermal movements during plant 
operation. 
 
The specific design objectives for the restraints are: 
 
(1) The restraints shall in no way increase the reactor coolant pressure boundary stresses by 

their presence during any normal mode of reactor operation or condition. 
 
(2) The restraint system shall function to stop the movement of a pipe failure (gross loss of 

piping integrity) without allowing damage to critical components or missile development. 
 
(3) The restraints should provide minimum hindrance to in-service inspection of the process 

piping. 
 
For the purposes of design, the pipe whip restraints are designed for the following dynamic loads: 
 
(1) Blowdown thrust of the pipe section that impacts the restraint; 
 
(2) Dynamic inertia loads of the moving pipe section which is accelerated by the blowdown 

thrust and subsequent impact on the restraint; 
 
(3) Design characteristics of the pipe whip restraints are included and verified by the pipe whip 

dynamic analysis described in Subsection 3.6.2.2.2.2; and 
 
(4) Since the pipe whip restraints are not contacted during normal plant operation, the 

postulated pipe rupture event is the only design loading condition. 
 
As previously described, the recirculation loop pipe whip restraints are composed of two parts, the 
cable and the restraint frame.  Both parts of the restraining device function as load carry members, 
and will deflect under load.  The load configurations for a cable restraint are shown in 
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Figure 3.6-13.  The components of the restraints are categorized as Type I and II, as described 
below: 
 
Type I - radial load-carrying members - these members composed of cables will absorb energy 
loaded in the direction perpendicular to the restraint base by elastic, and plastic deformations 
(Figure 3.6-13 Item a) 
 
Type II - tangential load-carry members - these members composed of restraint frames will absorb 
energy loaded in the direction parallel to the base by plastic deformation.  (Figure 3.6-13 Item b) 
 
Each of these components is constructed of a different material in order to fulfill different design 
objectives.  The design requirements and design limits for each component are therefore different.  
They are specified as below: 
 
(1) Type I - Carbon steel wire ropes. 
 
For carbon steel wire ropes, the maximum acceptable load was 
 
• 90 percent of the load carrying capacity of the cable in the restraint configuration.  This limit 

takes into consideration efficiency reduction experienced when a cable is wrapped around 
a pipe.  This means that the design load is limited to about 75 percent of a minimum 
certified load carrying capacity of the cable in tension. 

 
(2) Type 2 - Restraint Frames 
 
Design limits for the ASTM A36 restraint frames is as follows: 
 
(i) Design Load 
 
The load bearing member is primarily a cantilever beam with an extra support (the diagonal plate) 
at approximately midspan.  At loads approaching the plastic moment capability of the beam, the 
plastic hinge forms at section determined from an elastic structural analysis. The maximum design 
load and the ultimate load are calculated based on plastic moment capability, Mp, of this section, 
with the diagonal plate stressed uniformly at the minimum ultimate stress. 
 
(ii) Design Deflection 
 
The design and ultimate deflection are calculated assuming the beam remains straight and rotates 
about a point on the upper surface of the beam.  The maximum design deflection at the load point 
is calculated assuming the diagonal plate undergoes 10 percent elongation.  The ultimate 
deflection of the beam is based on a 20 percent ultimate elongation of the diagonal plate. 
 
 
3.6.2.4  Guard Pipe Assembly Design Criteria 
 
Guard pipe assembly design is not used in this plant. 
 
 
3.6.2.5  Material To Be Submitted for Operating License Review 
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3.6.2.5.1  For Piping Other than Recirculation Piping System 
 
The following paragraphs indicate how the criteria for protection against dynamic effects 
associated with postulated piping features are implemented. 
 
1) The criteria given in Subsection 3.6.2.1 have been adhered to in locating the pipe failure 

locations and type of the failure.  These locations are shown on Figures 3.6-1 to 3.6-8e. 
 
2) Protective devices such as pipe whip restraints and the barriers are used.  A typical pipe 

break restraint is shown in Figure 3.6-10.  The in-service inspection requirements are 
implemented as discussed in Section 6.6. 

 
3) Analytical methods to analyze the effects of pipe break are discussed in Subsections 

3.6.2.2 and 3.6.2.3.  Summary of the results are shown on Tables 3.6-6a, 3.6-6b, 3.6-6c, 
3.6-6d, 3.6-6e, 3.6-6f, 3.6-6g, 3.6-6h, 3.6-7, 3.6-7a, 3.6-8, 3.6-8a, 3.6-9, 3.6-9a, 3.6-10, 
3.6-10a, 3.6-11, 3.6-11a, 3.6-12a, 3.6-12a.1, 3.6-12a.2, 3.6-12a.3, 3.6-12a.4, 3.6-12a.5, 
3.6-12a.6, 3.6-12a.7, 3.6-12b, 3.6-12b.1, 3.6-13. 

 
4) All safety related systems and components have been protected from the effects of pipe 

whip and their design intended function will not be impaired to an unacceptable level. 
 
 
3.6.2.5.2  Implementation of Criteria for Pipe Break and Crack Location 
 and Orientation for Recirculation Piping System (NSSS Supply) 
 
3.6.2.5.2.l  Postulated Pipe Breaks in Recirculation Piping System - Inside Containment 
 
The criteria for selection of postulated pipe breaks in the recirculation piping system, inside 
containment, are provided in Subsection 3.6.2.l.4.  The postulated pipe break locations and types 
selected in accordance with these criteria are shown in Figure 3.6-14.  Conformance with these 
criteria is demonstrated in Tables 3.6-14 and 3.6-15. 
 
 
3.6.2.5.2.2  Implementation of Special Protection Criteria 
 
The pipe whip restraints provided for the recirculation piping system are also shown in 
Figure 3.6-14.  Using the analysis methods of Subsection 3.6.2.2.2.2, this system of restraints has 
been found to prevent unrestrained pipe whip resulting from a postulated rupture at any of the 
identified break locations. 
 
 
3.6.2.5.2.3  Jet Effects for Postulated Ruptures of Recirculation System Piping 
 
Jet effects from postulated breaks in the recirculation piping have been reviewed and modifications 
made as part of the jet impingement review program. 
 
 
3.6.3  DEFINITIONS 
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Essential Systems and Components - Systems and components required to shut down the reactor 
and mitigate the consequences of a postulated piping failure, without offsite power. 
 
High-Energy Fluid Systems - Fluid systems that, during normal plant conditions, are either in 
operation or maintained pressurized under conditions where either or both of the following are met: 
 
a) Maximum operating temperature exceeds 200°F   
 
b) Maximum operating pressure exceeds 275 psig 
 
Moderate-Energy Fluid Systems - Fluid systems that, during normal plant conditions, are either in 
operation or maintained pressurized (above atmospheric pressure) under conditions where both of 
the following are met: 
 
a) Maximum operating temperature is 200°F or less 
 
b) Maximum operating pressure is 275 psig or less. 
 
A system that operates within pressure-temperature conditions specified for a high energy fluid 
system, for less than 2 percent of the time the system operates as a moderate energy fluid system, 
is considered a moderate energy fluid system. 
 
Normal Plant Conditions - Plant operating conditions during reactor startup, operation at power, or 
reactor cooldown to cold shutdown condition, but excluding test modes. 
 
Upset Plant Conditions - Plant operating conditions during system transients that may occur with 
moderate frequency during plant service life and are anticipated operational occurrences, but not 
during system testing. 
 
Sh and Sa - Allowable stresses at maximum (hot) temperature and allowable stress range for 
thermal expansion, respectively, as defined in Article NC-3600 of the ASME Code, Section III. 
 
Sm - Design stress intensity as defined in Article NB-3600 of the ASME Code, Section III. 
 
Single Active Component Failure - Malfunction or loss of function of a component of electrical or 
fluid systems.  The failure of an active component of a fluid system is considered to be a loss of 
component function as a result of mechanical, hydraulic, pneumatic, or electrical malfunction, but 
not the loss of component structural integrity.  The direct consequences of a single active 
component failure are considered to be part of the single failure. 
 
Terminal Ends - Extremities of piping runs that connect to structures, components (e.g., vessels, 
pumps, valves), or pipe anchors that act as rigid constraints to piping thermal expansion.  A branch 
connection to a main piping run is a terminal end of the branch run, except when all three of the 
following conditions are in effect: 
 
1) The branch nominal size is at least half that of the main run; 
 
2) The intersection is not rigidly constrained to the building structure; and 
 
3) The branch and main runs are included together in the same piping stress analysis model. 
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In piping runs which are maintained pressurized during normal plant conditions for only a portion of 
the run (i.e., up to the first normally closed valve), a terminal end of such runs is the piping 
connection to this closed valve. 
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TABLE 3.6-1 
 

HIGH ENERGY FLUID SYSTEM PIPING 
 

P&ID No. Title Description 

M-101(1) Main Steam From nuclear boiler to the turbines, high pressure 
turbines to moisture/separator, to low pressure 
turbines.  Main steam flow sensing line. 

M-106(1) Feedwater From condensate demineralizers to feedwater 
heaters, to RF pumps, from RFP to nuclear 
boiler. 

M-105(1) Condensate From condensate pump discharge to steam jet 
air ejector condenser, to steam packing 
exhausters, to condensate filters and to 
condensate demineralizers.  From condensate 
demineralizer to control valves. 

M-116(1) Condensate 
Demineralizer 

From condensate filters to condensate 
demineralizer to drain coolers. 

M-141(2) Nuclear Boiler Main steam lines from reactor vessel to outside 
containment.  From feedwater lines to reactor 
vessel. 

Main steam drains from the main steam lines to 
the condenser.  Head vent line from the RPV 
head to the main steam “A” line. 

M-142 Nuclear Boiler 
Instrumentation 

Reactor Pressure Vessel pressure and level 
sensing lines, jet pump flow sensing lines and 
core delta ρ sensing lines. 

M-143 Reactor Recirculation Recirculation piping.  From CRD to recirc. pump 
seal.  Recirc flow sensing line. 

M-144 

M-145 

Reactor Water Cleanup From recirculation piping to cleanup pumps, 
through regenerative and non-regenerative heat 
exchangers, through cleanup Filter Demineralizer 
to feedwater. 

M-146(2) & 
M-147 

Control Rod Drive From CRD pump discharge, to hydraulic control 
units, to control rod drives, to reactor vessel. 
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TABLE 3.6-1 
 

HIGH ENERGY FLUID SYSTEM PIPING 
 

P&ID No. Title Description 

M-148 Standby Liquid Control From isolation valve inside containment to 
reactor vessel. 

M-149 & 
M-150 

Reactor Core Isolation From main steam to RCIC turbine stop valve, and 
drain pot.   From RCIC Injection valve to 
feedwater line.   

M-151 Residual Heat Removal From recirc. piping to RHR inboard isolation 
valves, reactor vessel head spray, RHR flow 
sensing line. 

M-152 Core Spray From reactor vessel to inboard isolation valves. 

M-155 High Pressure Coolant 
Injection 

From main steam line to HPCI turbine stop valve, 
and drain pot.  From HPCI Injection valve to 
feedwater line.   

 

(1) High energy fluid system piping on these P&ID’s are located in the Turbine Building.  The 
components located in the Turbine Building (including safety related components) are not the 
essential systems and components that are required to operate to achieve safe shutdown 
following a high energy fluid system pipe break in the Turbine Building. 

(2) High energy fluid system piping on these P&ID’s are partially located in the Turbine Building. 
 
 



Table 3.6-1A 
MODERATE ENERGY FLUID SYSTEM PIPING 

(LOCATED IN SAFETY-RELATED STRUCTURES) 
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Table 3.6-2 
SAFETY COMPONENTS IN CLOSE PROXIMITY TO 

HIGH ENERGY FLUID SYSTEM PIPING 
(REQUIRING JET IMPINGEMENT PROTECTION) – PRIMARY CONTAINMENT 

 
 
 
 
 
 
 
Security-Related Information 
Table Withheld Under 10 CFR 2.390 



Table 3.6-3 
SAFETY COMPONENTS IN CLOSE PROXIMITY TO 

HIGH ENERGY FLUID SYSTEM PIPING 
(REQUIRING JET IMPINGEMENT PROTECTION) – REACTOR BUILDING 
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TABLE 3.6-6a 

 
SUMMARY OF STRESS IN HIGH ENERGY 

ASME CLASS 1 PIPING 
 

MAIN STEAM LINE INSIDE CONTAINMENT 
UNIT 1 - LINE "A" 

 
Node Stress (ksi) 

(Eq. 10) 
Cumulative 

Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

8 
(butt weld) 18.59 .0015 43.4 A 

541 
(sweepolet) 62.80 .2111 43.4 C 

542 
(sweepolet) 59.76 .0740 43.4 C 

543 
(sweepolet) 63.32 .1076 43.4 C 

544 
(sweepolet) 57.19 .0621 43.4 C 

545 
(sweepolet) 56.17 .0577 43.4 C 

27 
(tapered 

transition joint) 
30.57 .0111 43.4 A 

NOTES: 
 
A. Terminal End Break 
B. Breaks determined by "Minimum Break Location" Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1A for Node Locations 
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Table 3.6-6b 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
MAIN STEAM LINE INSIDE CONTAINMENT 

UNIT 1 – LINE “B” 
 

 
Node  Stress (ksi) 

(Eq. 10) 
Cumulative 

Factor 
Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

402  
(tapered   

transition joint) 

29.119 .0098 43.4 A 

441 
(sweepolet) 

59.481 .0672 43.4 C 

442 
(sweepolet) 

60.690 .0757 43.4 C 

443 
(sweepolet) 

61.386 .0309 43.4 C 

 

257 
(butt weld) 

19.783 .0016 43.4 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1B for Node Locations 
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Table 3.6-6c 

 
SUMMARY OF STRESS IN HIGH ENERGY 

ASME CLASS 1 PIPING 
 

MAIN STEAM LINE INSIDE CONTAINMENT 
UNIT 1 – LINE “C” 

 

Node  Stress (ksi)  
 (Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 
Remarks 

508  
(butt weld) 

17.886 .0014 43.4 A 

528 
(sweepolet) 

56.121 .0524 43.4 C 

536 
(sweepolet) 

61.449 .0772 43.4 C 

620 
(sweepolet) 

64.425 .0648 43.4 C 

660 
(tapered  

transition joint) 

28.867 .0093 43.4 A 

NOTES: 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1C for Node Locations 
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Table 3.6-6d 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
MAIN STEAM LINE INSIDE CONTAINMENT 

UNIT 1 – LINE “D” 
 

 
Node  Stress (ksi) 

(Eq. 10) 
Cumulative 

Factor 
Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

762  
(butt weld) 

18.267 .0015 43.4 A 

782 
(sweepolet) 

68.242 .4155 43.4 C 

850 
(sweepolet) 

63.177 .2956 43.4 C 

860 
(sweepolet) 

59.512 .1696 43.4 C 

870 

(sweepolet) 

57.465 .0948 43.4 C 

880 

(sweepolet) 

55.616 .1348 43.4 C 

778 
(tapered  

transition joint) 

30.683 .0117 43.4 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1D for Node Locations 
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Table 3.6-6e 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
MAIN STEAM LINE INSIDE CONTAINMENT 

UNIT 2 – LINE “A” 
 

 
Node  Stress (ksi) 

(Eq. 10) 
Cumulative 

Factor 
Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

8  
(butt weld) 

19.238 .0016 43.40 A 

590 
(sweepolet) 

64.090 .1969 43.40 C 

690 
(sweepolet) 

60.334 .1168 43.40 C 

790 
(sweepolet) 

65.379 .1286 43.40 C 

890 

(sweepolet) 

58.256 .0561 43.40 C 

990 

(sweepolet) 

56.421 .0607 43.40 C 

27 
(tapered  

transition joint) 

30.693 .0112 43.40 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1A for Node Locations 
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Table 3.6-6f 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
MAIN STEAM LINE INSIDE CONTAINMENT 

UNIT 2 – LINE “B” 
 

 
Node  Stress (ksi) 

(Eq. 10) 
Cumulative 

Factor 
Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

108 
(tapered 

transition joint)  

28.353 .0034 43.40 A 

930 
(sweepolet) 

65.257 .4452 43.40 C 

920 
(sweepolet) 

62.391 .1790 43.40 C 

910 
(sweepolet) 

58.614 .0958 43.40 C 

20 

(butt weld) 

19.960 .0014 43.40 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1B for Node Locations 
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Table 3.6-6g 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
MAIN STEAM LINE INSIDE CONTAINMENT 

UNIT 2 – LINE “C” 
 

 
Node  Stress (ksi) 

(Eq. 10) 
Cumulative 

Factor 
Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

508  
 (butt weld) 

17.636 .0013 43.40 A 

528 
(sweepolet) 

55.447 .0624 43.40 C 

536 
(sweepolet) 

61.708 .0831 43.40 C 

701 
(sweepolet) 

58.315 .0583 43.40 C 

750 
(tapered  

transition joint) 
 

29.933 .0046 43.40 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1C for Node Locations 
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Table 3.6-6h 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
MAIN STEAM LINE INSIDE CONTAINMENT 

UNIT 2 – LINE “D” 
 

 
Node 

  

Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

25  
 (butt weld) 

18.724 .0015 43.40 A 

75 
(sweetpolet) 

72.150 .6341 43.40 C 

90 
(sweetpolet) 

65.942 .3880 43.40 C 

105 
(sweetpolet) 62.784 .2499 43.40 C 

110 
(sweetpolet) 

56.323 .1737 43.40 C 

120 
(sweetpolet) 57.233 .1774 43.40 C 

210 
(tapered  

transition joint) 

31.635 .0324 43.40 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-1D for Node Locations 
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Table 3.6-7 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
MAIN STEAM LINE INSIDE CONTAINMENT 

UNIT 2 – LINE “D” 
 

Loop “A”/Loop “B” 
Node 

  

Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

125  
 (tapered  

transition joint) 

56.999 .6134 42.48 A 

122 
(elbow) 

53.188 .1755 42.48 C 

118 
(elbow) 

41.663 .1647 42.48 C 

80 
(tapered  

transition joint) 

67.405 .9087 42.48 A 

82 
(elbow) 

61.362 .1924 42.48 C 

85 
(elbow) 

55.739 .1656 42.48 C 

75 
(tee) 

115.915 .9489 42.48 C 

40 
(tapered  

transition joint) 

72.600 .8174 42.48 A 

42 
(elbow) 

65.367 .1708 42.48 C 

45 
(elbow) 59.112 .1773 42.48 C 

35 
(tee) 

106.302 .6353 42.48 C 

25 
(tapered  

transition joint) 

61.194 .1240 42.48 C 

20 
(tapered  

transition joint) 

49.151 .0868 42.48 C** 
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Table 3.6-7 

 
SUMMARY OF STRESS IN HIGH ENERGY 

ASME CLASS 1 PIPING 
 

MAIN STEAM LINE INSIDE CONTAINMENT 
UNIT 2 – LINE “D” 

 

Loop “A”/Loop “B” 
Node 

  

Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

12 
(tapered transition 

joint) 

50.854 .0974 42.48 C** 

10 
(tapered transition 

joint) 

50.307 .0932 42.48 A 

NOTES: 

 
A. Terminal End Break 
B. Breakers determined by “Minimum Break Locations” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-2 for Node Locations 
* Highest values of either Loop “A” or “B”. 
** These locations can be considered as arbitrary breaks based on criteria given in Section 

3.6.2, however, original break classification is retained above. 

 
 



SSES-FSAR 
Table Rev. 50 

FSAR Rev. 64 Page 1 of 2 

 
Table 3.6-7a 

 
SUMMARY OF STRESS IN HIGH ENERGY 

ASME CLASS 1 PIPING 
 

FEEDWATER LINE INSIDE CONTAINMENT* 
UNIT 2 

 

Loop “A”/Loop “B” 
Node 

  

Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

450/125  
 (tapered  

transition joint) 

55.682 .5767 42.48 A 

443/122 
(elbow) 

52.425 .1754 42.48 C 

425/118 
(elbow) 

40.867 .1658 42.48 C 

202/80 
(tapered transition 

joint) 

70.954 .8845 42.48 A 

200/82 
(elbow) 

63.855 .1850 42.48 C 

192/86 
(elbow) 

48.417 .1653 42.48 C 

75/75 
(tee) 

107.204 .9594 42.48 C 

370/40 
(tapered  

transition joint) 

67.737 .9769 42.48 A 

360/42 
(elbow) 

52.935 .1681 42.48 C 

345/46 
(elbow) 58.002 .1781 42.48 C 

50/35 
(tee) 

87.447 .5927 42.48 C 

35/25 
(tapered transition 

joint) 

61.124 .1027 42.48 C** 

30/20 
(tapered  

transition joint) 

48.564 .0836 42.48 C** 

20/12 
(tapered transition  

joint) 

50.389 .0934 42.48 C** 
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Table 3.6-7a 

 
SUMMARY OF STRESS IN HIGH ENERGY 

ASME CLASS 1 PIPING 
 

FEEDWATER LINE INSIDE CONTAINMENT* 
UNIT 2 

 

Loop “A”/Loop “B” 
Node 

  

Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

 
Remarks 

 

15/10 
(tapered transition  

joint) 

50.508 .0939 42.48 A** 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-2 for Node Locations 
* Highest values of either Loop “A” or “B”. 
** These locations can be considered as arbitrary breaks based on criteria given in Section 3.6.2; 

however, original break classification is retained above. 
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Table 3.6-8 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
HPCI STEAM SUPPLY LINE INSIDE CONTAINMENT 

UNIT 1 
 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

405 
(tapered  

transition) 

45.754 .1209 42.10 A 

411 
(elbow) 

66.674 .0836 42.10 B 

425 
(elbow) 

50.053 .0292 42.10 B 

431 
(butt weld) 

17.964 .0009 42.10 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-3 for Node Locations 

 
 



SSES-FSAR 
Table Rev. 50 

FSAR Rev. 64 Page 1 of 1 

Table 3.6-8a 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
HPCI STEAM SUPPLY LINE INSIDE CONTAINMENT 

UNIT 2 
 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

304 
(tapered  

transition joint) 

57.878 .1835 42.10 A 

310 
(elbow) 

66.600 .0911 42.10 B 

327 
(elbow) 

60.766 .0823 42.10 B 

341 
(butt weld) 

21.087 .0015 42.10 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-3 for Node Locations 
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Table 3.6-9 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
RCIC STEAM SUPPLY LINE INSIDE CONTAINMENT 

UNIT 1 
 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

643 
(tapered  

transition joint) 

78.272 .3638 42.10 A 

644 
(elbow) 

56.466 .0081 42.10 B 

652 
(elbow) 

39.408 .0139 42.10 C* 

671 
(butt weld) 

15.679 .0002 42.10 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-4 for Node Locations 
* These locations can be considered as arbitrary breaks based on criteria given in Section 3.6.2, 

however, original break classification is retained above.  
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Table 3.6-9a 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
RCIC STEAM SUPPLY LINE INSIDE CONTAINMENT 

UNIT 2 
 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

643 
(tapered  

transition joint) 

75.972 .4869 42.10 A 

644 
(elbow) 

57.592 .0077 42.10 B 

652 
(elbow) 

64.182 .1046 42.10 C 

676 
(butt weld) 

13.258 .0000 42.10 A 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-4 for Node Locations 
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Table 3.6-12a.1 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
REACTOR WATER CLEAN UP LINE INSIDE CONTAINMENT 

UNIT 1 
 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

173 
(butt weld) 

42.23 .0123 42.864 C* 

222 
(tapered transition 

joint) 

41.41 .0052 34.27 A 

318 
(tapered transition 

joint) 

36.68 .0039 34.27 A 

802 
(butt weld) 

51.18 .0687 34.27 A 

808 
(reducer) 

54.38 .0251 34.27 C 

822 
(socket weld) 

23.65 .0002 34.27 C 

804 
(tee) 

77.98 .6140 34.27 C 

842 
(elbow) 

60.16 .0272 34.27 C 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-8A.1 for Node Locations 
* These locations can be considered as arbitrary breaks based on criteria given in Section 3.6.2, 

however, original break classification is retained above. 
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Table 3.6-12a.2  
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
REACTOR WATER CLEAN UP LINE INSIDE CONTAINMENT 

UNIT 1 
 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

5 
(butt weld) 

10.52 .0053 42.864 A 

59 
(tee) 

38.78 .0158 34.27 C* 

504 
(butt weld) 

40.04 .0365 34.27 C* 

61 
(butt weld) 

43.11 .0208 34.27 C* 

710 
(socket weld) 

37.12 .0026 34.27 A 

153 
(curb) 

13.64 .0012 42.864 A 

80 
(tee) 

47.96 .0486 42.864 C* 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-8A.1,3-6-8A.2, 3.6-8A.3 for Node Locations 
* These locations can be considered as arbitrary breaks based on criteria given in Section 3.6.2, 

however, original break classification is retained above. 
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Table 3.6-12a.3  
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
REACTOR WATER CLEAN UP LINE INSIDE CONTAINMENT 

UNIT 1 
 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

846 
(elbow) 

65.08 .0468 34.27 C 

301 
(butt weld) 

40.36 .0040 34.27 A 

320 
(elbow) 

48.08 .0013 34.27 C* 

330 
(elbow) 47.33 .0012 34.27 C* 

335 
(tee) 

53.43 .0278 34.27 C* 

340 
(reducer) 

49.09 .0072 34.27 C 

352 
(socket weld) 

31.22 .0007 34.27 A 

850 
(elbow) 

53.78 .0090 34.27 C 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-8A.1, for Node Locations 
* These locations can be considered as arbitrary breaks based on criteria given in Section 3.6.2, 

however, original break classification is retained above. 
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Table 3.6-12a.4 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
REACTOR WATER CLEAN-UP LINE INSIDE CONTAINMENT 

UNIT 2 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

432 
(butt weld) 

40.71 .0043 34.27 A 

435 
(tee) 

55.31 .0283 34.27 C 

441 
(reducer) 

51.76 .0118 34.27 C 

460 
(socket weld) 

27.01 .0002 34.27 A 

510 
(elbow) 

47.28 .0012 34.27 C* 

535 
(elbow) 

46.20 .0010 34.27 C* 

551 
(tapered transition 

joint) 

64.07 .4768 34.27 A 

610 
(butt weld) 

51.57 .0917 34.27 A 

615 
(tee) 

86.601 .794 34.27 C 

705 
(elbow) 

64.52 .1002 34.27 C 

695 
(elbow) 

59.63 .0226 34.27 C 

715 
(elbow) 

54.54 .0074 34.27 C 

NOTES: 
 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-8A.1, for Node Locations 
* These locations can be considered arbitrary breaks based on criteria given in Section 3.6.2; however, 

original break classification is retained above. 
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Table 3.6-12a.5 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
REACTOR WATER CLEAN-UP LINE INSIDE CONTAINMENT 

UNIT 2 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

735 
(tapered transition) 

72.27 .9975 34.27 A 

619 
(reducer) 

72.67 .6331 34.27 C 

635 
(socket weld) 

21.83 .0001 34.27 C 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-8A.1 for Node Locations 
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Table 3.6-12a.7 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
REACTOR WATER CLEAN-UP LINE INSIDE CONTAINMENT 

UNIT 2 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

248 
(butt weld) 

38.33 0.0059 42.864 B 

5 
(butt weld) 

23.90 0.0104 42.864 A 

102 
(tree) 

48.81 0.0623 34.27 B 

101 
(butt weld) 

42.46 0.0385 34.27 B 

515 
(socket weld) 

24.07 0.0003 34.27 A 

154 
(curve end) 

13.88 0.0013 42.864 A 

235 
(tee) 

46.50 0.0460 42.864 B 

55 
(tee) 

48.51 0.0291 34.27 C* 

281 
(reducer) 

42.75 0.0092 42.864 B 

NOTES: 

 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-8A.1,3-6-8A.4, 3.6-8A.5 for Node Locations 
* These locations can be considered arbitrary breaks based on criteria given in Section 3.6.2; 

however, original break classification is retained above. 
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Table 3.6-14 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
RECIRCULATION PIPING SYSTEM – LOOP “A” 

UNIT 1 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

S1 
(tapered  

transition joint)  

46.53 .0061 40.02 A 

F1 
(sweepolet) 

63.42* .144* 40.02 C 

F3 
(sweepolet) 

63.42* .144* 40.02 C 

F5 
(cross) 

69.85* .199* 40.02 C 

F7 
(sweepolet) 

63.42* .144* 40.02 C 

F9 
(sweepolet) 

63.42* .144* 40.02 C 

F2 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F4 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F6 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F8 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F10 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

NOTES: 
 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-14 for Node Locations 
* Envelope Value Represents Maximum Values at Similar Components and/or Node Locations in 

Both Loops. 
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Table 3.6-14 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
RECIRCULATION PIPING SYSTEM – LOOP “B” 

UNIT 1 

S1 
(tapered  

transition joint) 

49.77 .0073 40.02 A 

F1 
(sweepolet) 

63.42* .144* 40.02 C 

F3 
(sweepolet) 

63.42* .144* 40.02 C 

F5 
(cross) 

74.46 .199 40.02 C 

F7 
(sweepolet) 

63.46 .144 40.02 C 

F9 
(sweepolet) 

63.42* .144 40.02 C 

F2 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F4 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F6 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F8 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

F10 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

S2LL 
(tee) 

74.99 .192 40.02 C 

NOTES: 
 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-14 for Node Locations 
* Envelope Value Represents Maximum Values at Similar Components and/or Node Locations in 

Both Loops. 
 
 



SSES-FSAR 
Table Rev. 51 

FSAR Rev. 64 Page 1 of 2 

Table 3.6-15 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
RECIRCULATION PIPING SYSTEM – LOOP “A” 

UNIT 2 

Node Stress (ksi) 
(Eq. 10) 

Cumulative 
Factor 

Usage Pipe Break 
Stress Limit (ksi) 

(2.4 Sm) 

Remarks 

425 
(tapered  

transition joint)  

46.63 .006 40.02 A 

15 
(sweepolet) 

63.42* .144* 40.02 C 

45 
(sweepolet) 

63.88 .144* 40.02 C 

70 
(cross) 

73.53 .199* 40.02 C 

95 
(sweepolet) 

63.42 .144* 40.02 C 

125 
(sweepolet) 

63.42* .144* 40.02 C 

155 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

175 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

200 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

220 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

240 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

NOTES: 
 
A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-14 for Node Locations 
* Envelope Value Represents Maximum Values at Similar Components and/or Node Locations in 

Both Loops 
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Table 3.6-15 
 

SUMMARY OF STRESS IN HIGH ENERGY 
ASME CLASS 1 PIPING 

 
RECIRCULATION PIPING SYSTEM – LOOP “B” 

UNIT 2 
135 

(sweepolet) 
63.42* .144* 40.02 C 

105 
(cross) 

72.75 .199* 40.02 C 

55 
(sweepolet) 

63.42 .144* 40.02 C 

641 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

626 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

195 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

59 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

19 
(tapered  

transition joint) 

46.93* .039* 40.02 A 

400 
(tee) 

64.16 .0576 40.02 C 

15 
(sweepolet) 

63.42* .144* 40.02 C 

425 
(tapered  

transition joint) 

46.49 .0069 40.02 A 

150 
(sweepolet) 

63.42* .144* 40.02 C 

NOTES: 

A. Terminal End Break 
B. Breaks determined by “Minimum Break Location” Criteria 
C. Breaks determined by Stress Requirement 
D. See Figure 3.6-14 for Node Locations 
 
* Envelope Value Represents Maximum Values at Similar Components and/or Node Locations in Both Loops. 
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FIGURE 3.6-1B
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FIGURE 3.6-1C
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FIGURE 3.6-1D
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FIGURE 3.6-2

FEEDWATER SYSTEM
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FIGURE 3.6-3
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UNITS 1 & 2
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FIGURE 3.6-4

RCIC STEAM SUPPLY
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UNITS 1 & 2
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FIGURE 3.6-5

CORE SPRAY
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FIGURE 3.6-6

RHR SUPPLY
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FIGURE 3.6-7

RHR RETURN LOOP 'A'
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UNITS 1 & 2
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FIGURE 3.6-8

RHR RETURN LOOP 'B'
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UNITS 1 & 2
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FIGURE 3.6-8A.1

REACTOR WATER CLEANUP
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UNITS 1 & 2
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FIGURE 3.6-8A.2

UNIT 1
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FIGURE 3.6-8A.3

UNIT 2
REACTOR WATER CLEANUP
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UNITS 1 & 2
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FIGURE 3.6-8A.4

UNIT 1
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FIGURE 3.6-8A.5

UNIT 1
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FIGURE 3.6-8B

REACTOR VESSEL HEAD VENT

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2
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FIGURE 3.6-8C

HEAD SPRAY
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UNITS 1 & 2
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FIGURE 3.6-8D

STANDBY LIQUID CONTROL
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UNITS 1 & 2
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Security-Related Information
Figure Withheld Under 10 CFR 2.390

FIGURE 3.6-8E

MSIV DRAINS
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UNITS 1 & 2
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FIGURE 3.6-14

RECIRCULATION SYSTEM
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FIGURE 3.6-16

BREAK LOCATIONS AND RESTRAINTS
ANALYZED PDA VERIFICATION PROGRAM
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UNITS 1 & 2
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FIGURE 3.6-17-2
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APPENDIX 3.6A 
 

PIPE BREAK OUTSIDE CONTAINMENT 
SUMMARY OF ANALYSIS AND RESULTS 

 
 

PART I - ANALYSIS FOR SPACES OTHER THAN MAIN STEAM TUNNEL 
 
In addition to the analysis provided in Table 3.6-3, compartments containing high energy lines 
were analyzed to determine the peak pressures and temperatures that might result from breaks 
in these lines.  For the HPCI, RCIC and RWCU pipe breaks outside primary containment, a 
concurrent LOOP and single failure is assumed to occur, which is consistent with the response 
time testing (ATT) assumption.  The analysis was done, in part,  to verify structural integrity.  
Duration of the blowdown was not a factor in the pressure transient since adequate vent area 
was provided, and pressure peaked quickly then declined to a lower steady state value.  The 
blowout panels are designed to release at design pressure of approximately 0.5 psig.  The 
structures and safe shutdown equipment are adequate to withstand the peak pressures and 
temperatures indicated by the analysis. 
 
The valves which would be used to terminate the blowdown are indicated.  In general, however, 
it is unnecessary to qualify equipment for the pipe break environment because the safeguards 
systems are separated into compartments which are vented directly to the atmosphere and high 
energy breaks affect only a single space.  The plant can be safely shutdown using equipment 
not affected by the high energy line break. 
 
The following information for each compartment was utilized with the analytical techniques 
described in Reference 3.6-10 of the FSAR to determine the pressures and temperatures 
resulting from high energy line breaks outside containment. 
 
 
ANALYSIS FOR HPCI PENETRATION ROOM (UNIT 1) 
 
Pipe Break Data 
 

Location:  HPCI Penetration Room (I-202, I-204, I-205) 
Line Identification/Size: DBB-114/10" 

 
Isolation Valve Designation and Location: HV-E41-1F003 located in the 

HPCI Penetration Room 
 
Blowdown Data: 
 

t (sec) m (lbm/sec) h (BTU/lbm) 
   

0.0 2074. 1190.2 
0.1 2074. 1190.2 
0.1 1501. 1190.2 
0.18 1501. 1190.2 
0.18 464. 1190.2 

13.0 464. 1190.2 
63.0 0 1190.2 
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Compartment Volume:  87,680. ft3 

 
Vent Area:  69.6 ft2 (3 circular panels, each with a flow area of 23.2 ft2) 
Vent Loss Coefficient:  1.95 
L/A:  0.97 ft-1 

 
 
Results (BDIDs Closed):  
 
Peak Pressure:  1.95 psig 
Peak Temperature:  295.6°F 

 
 
Results (BDIDs Open, HPCI Steam Supply Break): 
 
Peak HPCI Penetration Room Pressure:  1.84 psig 
Peak HPCI Penetration Room Temperature:  294.4ºF 
Peak RBCCW Heat Exchanger Area (I-203) Pressure:  0.38 psig 
Peak RBCCW Heat Exchanger Area (I-203) Temperature:  105.0ºF 
Peak 683’ Equipment Area (I-200) Pressure:  0.50 psig 
Peak 683’ Equipment Area (I-200) Temperature:  106.6ºF 

 
 
Results (BDIDs Open, RCIC Steam Supply Break, 4”-DBB-109): 
 
Note:  Break is isolated by isolation valve HV-E51-1F008 
 
Peak HPCI Penetration Room Pressure:  1.26 psig 
Peak HPCI Penetration Room Temperature:  151.0ºF 
Peak RBCCW Heat Exchanger Area (I-203) Pressure:  1.09 psig 
Peak RBCCW Heat Exchanger Area (I-203) Temperature:  112.4ºF 
Peak 683’ Equipment Area (I-200) Pressure:  1.25 psig 
Peak 683’ Equipment Area (I-200) Temperature:  114.0ºF 

 
 
ANALYSIS FOR HPCI PUMP ROOM (UNIT 1) 
 
Pipe Break Data 
 

Location:   HPCI Pump Room (I-11) 
Line Identification/Size: DBB-114/10" 

 
Isolation Valve Designation and Location: HV-E41-1F003 located in the HPCI 

Penetration Room 
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Blowdown Data: 
 

t (sec) m (lbm/sec) h (BTU/lbm) 
   

0.0 2074. 1190.2 
0.076 2074. 1190.2 
0.076 1037. 1190.2 
.218 1037. 1190.2 
.218 314. 1190.2 

13.0 314. 1190.2 
63.0 0 1190.2 

 
 
Compartment Volume:  27,883 ft3 

 
Vent Area:  60 sq ft 
Vent Loss Coefficient:  2.63 
L/A:  0.39 ft-1 

 
 
Results (Duct Closed): 
 
Peak Pressure:  3.55 psig 
Peak Temperature:  303.3°F 

 
 
Results (Duct Open): 
 
Peak HPCI Pump Room Pressure:  3.30 psig 
Peak HPCI Pump Room Temperature:  303.1ºF 
Peak 670’ General Access Area (I-102) Pressure:  0.67 psig 
Peak 670’ General Access Area (I-102) Temperature:  108.4ºF 
Peak “B” Core Spray Room (I-10) Pressure:  0.40 psig 
Peak “B” Core Spray Room (I-10) Temperature:  109.0ºF 

 
 
ANALYSIS FOR RCIC PUMP ROOM (UNIT 1) 
 
Pipe Break Data 
 

Location: RCIC Pump Room (I-12) 
Line Identification/Size: DBB-109/4" 

 
Isolation Valve Designation and Location: HV-E51-1F008 located in the HPCI 

Penetration Room 
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Blowdown Data: 
 

t (sec) m (lbm/sec) h (BTU/lbm) 
   

0.0 314.0 1190.2 
0.021 314.0 1190.2 
0.021 157.0 1190.2 
0.278 157.0 1190.2 
0.278 30.1 1190.2 

13.0 30.1 1190.2 
33.0 0 1190.2 

 
 
Compartment Volume:  18,129 ft3 

 
Vent Area:  46.0 sq ft 
Vent Loss Coefficient:  2.67 
L/A:  0.43 ft-1 

 
Results (BDIDS Closed): 
 
Peak Pressure:  1.17psig 
Peak Temperature:  220.0°F 

 
 
Results (BDIDs Open): 
 
Peak RCIC Pump Room Pressure:  0.99 psig 
Peak RCIC Pump Room Temperature:  219.8ºF 
Peak 670’ General Access Area (I-102) Pressure:  0.09 psig 
Peak 670’ General Access Area (I-102) Temperature:  101.1ºF 

 
 
ANALYSIS FOR RHR ROOM A (UNIT 1) 
 
Pipe Break Data 
 

Location:   RHR Room A (I-14) 
Line Identification/Size: HBB-110/24" 

 
Isolation Valve Designation and Location: HV-E11-1F008 located in the HPCI 

Penetration Room 
 
Compartment Volume:  48,554 cu ft 
 
Vent Area:  85 sq ft 
 

Results: Peak Pressure: 0.93 psig 
Peak Temperature: 215.12°F 
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ANALYSIS FOR RHR ROOM B (UNIT 1) 
 
Pipe Break Data 
 

Location:   RHR Room B (I-13) 
Line Identification/Size: HBB-110/24" 

 
Isolation Valve Designation and Location: HV-E11-1F008 located in the HPCI 

Penetration Room 
 
Compartment Volume:  60,000 cu ft 
 
Vent Area:  85 sq ft 
 

Results:    Peak Pressure: 0.93 psig 
Peak Temperature:   215.12°F 

 
Due to the removal of the steam condensing mode of RHR, the only high energy piping which 
would cause room pressurization during normal plant operation in both RHR Pump Rooms is 
during the initial stages of the shutdown cooling mode of RHR.  Per BTP MEB 3-1, when RHR is 
placed in shutdown cooling, the piping is classified as a moderate-energy fluid system and only 
a pipe crack (not break) is postulated. 
 
 
ANALYSIS FOR REACTOR WATER CLEANUP SYSTEM (RWCS) PENETRATION 
ROOM, PUMP ROOMS, AND HEAT EXCHANGER ROOMS (UNIT 1) 
 
Pipe Break Data 
 

Various break locations were analyzed to determine the maximum pressure and 
temperature which develop in each room. 

 
Isolation Valve Designation and Location: HV-G33-F004 in RWCS Penetration Room 
 
Blowdown Data: 
 

Penetration Room (I-501) 
t (sec) m (lbm/sec) h (BTU/lbm) 
0.00 4570.0 518.5 
0.07 4570.0 518.5 
0.07 3030.0 518.5 
0.14 3030.0 518.5 
0.14 1155.0 518.5 
0.84 1155.0 518.5 
0.84 410.0 518.5 

20.00 410.0 518.5 
50.00 0.0 518.5 
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Pump Rooms (I-502,503) 
t (sec) m (lbm/sec) h (BTU/lbm) 
0.00 1990.0 518.5 
0.10 1990.0 518.5 
0.10 1640.0 518.5 
0.21 1640.0 518.5 
0.21 1055.0 518.5 
1.10 1055.0 518.5 
1.10 410.0 518.5 

20.00 410.0 518.5 
50.00 0.0 518.5 

 
 

Heat Exchanger Rooms  (I-504,505) 
t (sec) m (lbm/sec) h (BTU/lbm) 
0.00 2420.0 518.5 
0.08 2420.0 518.5 
0.08 1855.0 518.5 
0.30 1855.0 518.5 
0.30 1055.0 518.5 
0.50 1055.0 518.5 
0.50 410.0 518.5 

20.00 410.0 518.5 
50.00 0.0 518.5 

 
 
Compartment Volumes: 

Arch. Room No. Volume (Cu. Ft.) 
  

I-501 6940 
I-502 & 503 6350 
I-504 & 505 12229 

 
 
Intercompartment Flow Path Data: 
 

Flow Path Area 
(Ft²) 

Loss 
Coefficient 

L/A 
(ft--1) 

I-501 to ATM 46.4 
(2 circular panels, 
each with a flow 
area of 23.2 ft-2) 

1.81 1.25 

I-501 to I-503 60.0 1.00 0.1181 
I-503 to I-504 60.0 1.00 0.0749 
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Results 
 

Architectural Room Number Peak Pressure (psig) Peak Temperature (ºF) 
   

I-500 0.21 102.7 
I-501 3.76 215.1 
I-502 2.73 213.1 
I-503 2.73 213.1 
I-504 3.18 213.0 
I-505 3.18 213.0 

 
Note: To provide a bounding case, a larger enthalpy condition was coupled with a larger mass 

flow rate.  A break in the RWCU Heat Exchanger Room with the BDIDs open results in 
the most severe environment in the 749’ general access area (I-500); therefore, the 
results for this area are presented.  All other values are the result of breaks with the 
BDIDs in the closed position. 

 
Analysis for Compartment Pressurization in Unit 2 is identical to Unit 1, with the exception of 
breaks in the HPCI and RCIC Rooms.  These analyses are presented below. 
 
 
ANALYSIS FOR RCIC PUMP ROOM (UNIT 2) 
 
Pipe Break Data 
 

Location:   RCIC Pump Room (II-12) 
Line Identification/Size: DBB-209/4" 

 
Isolation Valve Designation and Location: HV-E51-2F008 located in HCPI Penetration 

Room 
 
Blowdown Data: 
 

t (sec) m (lbm/sec) h (BTU/lbm) 
   

0 314.0 1190.2 
0.021 314.0 1190.2 
0.021 157.0 1190.2 
0.278 157.0 1190.2 
0.278 30.1 1190.2 

13.0 30.1 1190.2 
33.0 0.0 1190.2 

 
Compartment Volumes: 
 

RCIC  18,129 ft3 

HPCI  27.883 ft3 
Tunnel  3,312 cu ft 
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Flow Path 

Area 
(Ft2) 

Loss 
Coefficient 

L/A 
(ft--1) 

    
RCIC to Tunnel 25 0.88 0.341 
Tunnel to HPCI 72 0.50 0.3551 
Tunnel to ATM 45 5.33 0.3914 

 
Results (BDIDs Closed): 
 

Room Peak Pressure (PSIG) Peak Temperature. (°F) 
   

RCIC 1.56 218.3 
HPCI 1.50 112.8 

Tunnel 1.63 195.5 
 
Results (BDIDs Open): 
 

Room Peak Pressure (psig) Peak Temperature (ºF) 
   

RCIC 1.27 215.7 
HPCI 1.27 113.3 

Connecting Tunnel 1.40 185.2 
670’ General Access 

Area (II-102)  
1.26 117.0 

 
Note: A break in the RCIC pump room results in a change in environment to the HPCI pump 

room via connection of the tunnel to both rooms.  Therefore, peak pressures are shown 
for all three compartments.  

 
 
ANALYSIS FOR HPCI PUMP ROOM (UNIT 2) 
 
Pipe Break Data 
 

Location:   HPCI Pump Room (II-11) 
Line Identification/Size: DBB-214/10" 

 
Isolation Valve Designation and Location: HV-E41-2F003 located in the HPCI 

Penetration Room 
 
Blowdown Data: 
 

t (sec) m (lbm/sec) h (BTU/lbm) 
   

0 2074. 1190.2 
0.06 2074. 1190.2 
0.06 1037. 1190.2 
0.223 1037. 1190.2 
0.223 308. 1190.2 

13.0 308. 1190.2 
63.0 0 1190.2 



SSES-FSAR 
Text Rev. 58 

FSAR Rev. 64 3.6A-9 

 
Compartment Volumes: 
 

HPCI  27.883 ft3 
RCIC  18,129 ft3 
Tunnel  3,312 cu ft 

 
 

 
Flow Path 

Area 
(Ft2) 

Loss 
Coefficient 

L/A 
(ft--1) 

    
HPCI to Tunnel 72 0.50 0.3551 
Tunnel to RCIC 25 0.88 0.341 
Tunnel to ATM 45 5.33 0.3914 

 
Results (BDIDs Closed): 
 

Room Peak Pressure (psig) Peak Temperature (°F) 
   

HPCI 3.71 304.2 
RCIC 3.29 133.3 

Tunnel 3.50 304.7 
 
Results (BDIDs Open): 
 
 

Room Peak Pressure (psig) Peak Temperature (ºF) 
   

RCIC 2.59 128.5 
HPCI 3.16 303.6 

Connecting Tunnel 2.97 303.6 
670’ General 

Access Area (II-102)  
1.39 120.3 

 
Note: A break in the HPCI pump room results in a change in environment to the RCIC pump 

room via connection of the tunnel to both rooms.  Therefore, peak pressures are shown 
for all three compartments. 

 
 
 
PART II - ANALYSIS OF MAIN STEAM LINE BREAKS IN THE MAIN STEAM LINE TUNNEL 
 
Subcompartment differential pressure analysis was performed for the Reactor and Turbine 
Building main steamline tunnel.  The blowout panels in the reactor building steam tunnel are 
designed to release at design pressure of approximately 0.5 psig.  Two break locations were 
chosen to render the design of each portion of the tunnel (viz. - Reactor and Turbine Building 
sides) conservative.  They are: 
 

Case A. MSLB in the Reactor Building. 
 (24" DBB-103 at the elbow on El. 719'-8") 
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Case B. MSLB in the Turbine Building. 
 (24" DBB-103 at El. 719'-6", 1st elbow in the Turbine Building) 
 

The pressure and temperature response of these areas to the postulated pipe breaks are 
predicted using COTTAP 4 for the Reactor Building Main Steam Tunnel and the analytical 
model described in Appendix 6B with the changes described below for the Turbine Building 
Main Steam Tunnel.  COTTAP 4 uses a similar analytical model as the model discussed in this 
section and Appendix 6B.  Any differences between COTTAP 4 and the models presented in 
this section and Appendix 6B were reviewed and determined to have an insignificant or 
conservative effect on the peak pressures and peak temperatures.  The Appendix 6B model 
ignores "momentum effects" within a subcompartment.  For most cases considered, this is 
justified as the momentum effects are insignificant relative to the absolute pressure peaks.  
However, momentum effects are important to conservatively predicting pressures resulting from 
the main steam tunnel case.  Therefore, for this study, the momentum equation 
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Where G = Δv 
 
 
Where the F(x,t) term includes shear forces and non-one-dimensional momentum change 
effects.  Its integral over a flow path is evaluated by means of empirically determined flow 
coefficients (see Appendix 6B). 
 
Equation (1) is now integrated from midpoint to midpoint of two adjoining compartments 
assuming uncompressible flow, but with a uniquely determined fluid density.  The density of the 
flow mixture is evaluated in a way which assures that, as flow approaches steady state 
conditions, the density and the computed mass flux approach the values obtained from the 
compressible steady state equations in Appendix 6B. 
 
Using this assumption and integrating term by term, we obtain: 
 
First term: 
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Where the integral of (dx/A(x)) is evaluated sequentially for constant area segments between X1 
and X2.  Li thus represents the length of segment i. 
 
Second term: 
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Where the Δ  in the above expression remains to be defined. 
 
Third term: 
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It should be noted that the above pressures are static values and to match the units of Equation 
(1) are, at this point, given in terms of 1b/ft2. 
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Fourth term: 
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Where i = +1 if W ≥ 0 and i = -1 if W < 0. 
 
The above equation is not really a proper integration, but just a replacement of this integral by 
the appropriate empirical correlation.  The coefficient K is a properly summed coefficient for the 
flow path from x1 to x2 and can include friction terms.  The velocity V2

T depends on the empirical 
correlation used, but is usually taken as the "throat" velocity.  This is assumed to be the case, 
then Equation (1d) becomes: 
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Where A2

T is the junction flow area. 
 
Before collecting all the integrated terms, it is preferable to convert the static pressures of 
Equation 1c into stagnation pressures. 
 

f)1(
2

)(  P  
2

)(    2

2
*
stag(i)

2
*

)(
*

)(
icc

istagistat Ag
tW

g
iVPP

ρ
ρ −=−=  

 
 
Summing the expressions obtained by Equations (1b) to (1e) and using (1f) we get: 
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Where the starred pressures imply stagnation values. 
 
Now the flow rate of the previous time step is used to evaluate a finite-difference approximation 
of the time derivative: 
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In a given time interval, W(t-Dt) is known, thus Equation (1g) is a quadratic in W(t).  Writing it in 
the customary quadratic form we have: 
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and substituting the compressible flow equation for W.  The resulting ratio is: 
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In the limit as (P2/P1) →1, Equation 4 approaches a value of one as required and the P2/P1 ratio 
stays below one for all other values of p2/p1 and for all positive k.  Δ is thus smaller than the 
arithmetic mean of the densities and smaller than the downstream density itself.  This assures a 
conservatively minimized flow rate for a given pressure gradient.  This also holds true when the 
inertial effects (time dependent momentum equation) are included.  Table 3.6A-1 shows 
representative mass flux values calculated by density Δ2, and the proper compressible flow 
compatible density Δ is used.  As seen for all cases, the use of r results in minimum and thus 
conservative flow rates. 
 
The calculational sequence can now be summarized. 
 
1. After compartment state functions have been obtained, a first estimate of W(t) is 

evaluated using the compressible flow equation. 
 

2. The estimate of W(t) is used in Equation 3b to evaluate the fluid density. 
 

3. Utilizing the flow rate from the previous time step and the calculated Δ, Equation (3) is 
solved to obtain W(t). 

 
During each time step, the junction flow rate is chosen as the smaller of the flow rate resulting 
from the one-dimensional momentum equation or the flow rate resulting from the selected 
steady state compressible flow correlation.  (Appendix 6B.) 
 
Schematic drawings showing the nodalization of the steam tunnel for Case A and Case B are 
given in Figures 3.6A-1 and 3.6A-5, respectively.  Blow out panel locations are shown in Figure 
3.6A-2.  Volumes, flow areas, flow coefficients, L/A's and blowdown rates for the models are 
presented in Tables 3.6A-2 through 3.6A-6.  As indicated in Figure 3.6A-1, for Case A, the main 
steam tunnel is subdivided into a total of eighteen volumes to model the effect of obstructions 
such as pipe restraints and blow out panels.  For Case B, in Figure 3.6A-5, a ten volume model 
is used since the one-way blowout panels completely block the flow path to reactor building 
side, leaving it unpressurized.  The overall flow diagrams for both Cases A and B are presented 
in Figures 3.6A-3 and 3.6A-6. 
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The blowdown data for the postulated double end guillotine mainsteam line break is shown in 
Table 3.6A-4.  This blowdown is done in a way similar to ANS 176 standard (draft, now known 
as ANSI/ANS 58.2-1980), as discussed below, but system friction is accounted for to reduce the 
calculated mass and energy releases to reasonable levels while maintaining a degree of 
conservatism.  Other criteria are addressed as follows: 
 
1. Full double-end break area Moody flow for steam blowdown immediately after pipe 

break. 
 
2. Choking Moody flow occurs first at the break, then moves up to choke at flow restrictors. 
 
3. Frictional loss of valves is not included. 
 
4. Level swell (4% quality blowdown) occurs at 1 sec. 
 
5. Steam isolation valves close in 5 seconds with a 0.6 second instrument and signal delay 

time.  A linear ramp in flow area is used to model this closure. 
 
The computational method of this double-end guillotine mainsteam line break is shown in Fig. 
3.6A-8. 
 
In Figure 3.6A-8, flow from the RPV to the break location is "forward flow," while the flow from 
the turbine to the break location is "reverse flow." 
 
Let L1 =  The distance from flow restrictors to break location. 
 
 L2 =  The distance from reactor pressure vessel nozzle to the flow restrictors. 
 
 L3 =  The distance from flow restrictor to the turbine crosstie. 
 
 L4 =  The shortest distance from the MSL crosstie back to the break location. 
 
 
(A) Calculation of mass and energy release rates from the forward direction.  
 

let Ap = The cross-sectional flow area of the break, ft2. 
Av = The throat area of the flow restrictor, ft2. 
Po = No-load system pressure, PSIA. 
X = Steam quality. 
h = Enthalpy of fluid, BTU/lbm. 
N = Number of lines. 
c = Sonic speed for steam. 
f = Frictional factor. 
D = Diameter of the pipe system. 

 
1. At O ≤ T ≤ L1/C sec. 
 

( ) ( )( ) FFpMF WCLTWAGW 21211 //1 &&& +−−=  
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Where GM1 = Moody specific flowrate (lbm/sec*ft2) based on P0 = 1050 PSIA and 
h = 1190.0 BTU/lbm. 

 
This ramp-down in flow rate simulates the increasing system resistance 
downstream of the decompression wave front. 
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Where GM3 = Moody specific flow rate based on p = 1050 psia and h = 1190 
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(B) Calculation of mass and energy release rates from the reverse direction. 
 

1. At O ≤ T ≤ L4/C sec. 
 
  W1R  =  (GM1 * Ap – W2R)(1-T /( L4/C))+W2R 
 

  
This ramp-down in flow rate simulates the increasing system resistance 
downstream of the decompression wave front. 

 

2. 
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Where GM2R = Moody specific flow rate based on h = 1190 BTU/lbm with 
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Where GM3R (A), GM3R (B) and GM3R (C) are the Moody specific flow rates for lines 
A, B, C based on Po = 1050 PSIA and h = 1190 BTU/lbm with fL2/D for each line. 

 
(C) Calculation of mass and energy release rates from the swell phenomenon. 
 

1. At 1.0 ≤ T ≤ 4.35 sec. (Time for choking at the valve) 
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Where GM2 (A), GM2 (B), GM2 (C), GM2 (D) are the Moody specific flow rates for 
lines A, B, C, D based on h =572 BTU/LBM (4% quality) and fL2/D for each line. 

 
2. At T = 5.6 sec. (Time for valve completely closed) 

 
lbm/sec0.03 =W&  

 
(D) Calculation of the total mass and energy release rates. 
 

The total flow rate is obtained by adding up the forward flow and reverse flow at each 
time sequence by superpositioning of the two curves (forward and reverse).  Then after 
1.0 second, the total flow rate will be just the flow rate calculated from swell on section 
(C). 

 
The pressure transients of this analysis for Cases A (with BDIDs closed) and B are plotted in 
Figures 3.6A-4 and 3.6A-7.  It can be seen that the maximum pressure for Case A in the 
Reactor Building is 23.1 PSIA and for Case B in the Turbine Building is 37.1 PSIA. The peak 
temperature for Case A is 303.0°F and for Case B is 325.0°F.  For Case A in which the BDIDs 
are open, the peak pressure in the reactor building steam tunnel is 23.0 psia and the peak 
temperature is 303.0ºF.  The open BDIDs will allow the transport of the reactor building main 
steam tunnel environment to the 719’ elevation general access area and the valve access area 
on elevation 749’.  The peak pressure for the 719’ general access area is 15.0 psia and the 
peak temperature for this area is 104.5ºF, the peak pressure in the valve access area on 
elevation 749’ is 15.2 psia and the peak temperature is 111.7º. 
 
The following essential equipment is located with the steam tunnels on Susquehanna SES: 
 

Main Steam Isolation Valves (MSIV's) and Piping 
Feedwater Check Valves and Piping 
HPCI Piping 
RCIC Piping 
Leak Detection Instrumentation 

 



SSES-FSAR 
Text Rev. 58 

FSAR Rev. 64 3.6A-17 

Pipe breaks in the remaining portion of the main steam piping between the reactor building and 
the turbine building will not impact essential equipment since breaks in these areas are 
completely vented to the turbine building. 

 
Waterflooding in either the turbine building or reactor building portion of the tunnel will drain to 
the turbine building without damage to the structure. 
 
All of the terms in the coefficients of Equation 3 can be evaluated except for the as yet 
undefined fluid density, ρ.  As stated in the assumptions, ρ will be evaluated in such a way that, 
under steady state conditions, Equation (3) and the compressible flow equations of Appendix 6B 
will yield identical results for W(t).  Under steady state conditions W(t) = W(t-Δt) and Equation 
(3) reduces to: 
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where the W2 can be obtained from the steady state compressible flow equations in Appendix 
6B. 
 
Under steady state conditions, the above value of ρ which is used in the momentum equation 
has a straightforward definition -- it is the density which has to be used in the steady state 
incompressible flow equation in order to reproduce correct steady state compressible flow rates.  
To achieve this, the density includes an implied correction factor which compensates for the 
energy required in compressible flow to accelerate the expanding fluid.  Because of this 
correction, ρ will, in fact, be smaller than the downstream density, ρ2, calculated by the 
isentropic expansion relationship.  This can be shown by dividing Equation (3b) by 
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3.7a  SEISMIC DESIGN 
 
 
All systems and equipment of the NSSS are defined as either Seismic Category I or Non-
Seismic Category I.  The requirements for Seismic Category I classification are given in Section 
3.2 along with a list of systems, components, and equipment which are so categorized. 
 
All systems, components, and equipment related to plant safety are designed to withstand the 
potential safe shutdown earthquake and operating bases earthquakes. 
 
The "Safe Shutdown Earthquake" is that earthquake which is based upon an evaluation of the 
maximum earthquake potential considering the regional and local geology, and seismology and 
specific characteristics of local subsurface material.  It is that earthquake which produces the 
maximum vibratory ground motion for which Seismic Category I systems and components are 
designed to remain functional.  These systems and components are those necessary to ensure: 
 
(1) The integrity of the reactor coolant pressure boundary. 
 
(2) The capability to shut down the reactor and maintain it in a safe shutdown condition. 
 
(3) The capability to prevent or mitigate the consequences of accidents which could result in 

potential offsite exposures comparable to the guidelines exposures of 10CFR 50.67. 
 
The "Operating Basis Earthquake" is that earthquake which, considering the regional and local 
geology, and seismology and specific characteristics of local subsurface material, could 
reasonably be expected to affect the plant site during the operating life of the plant.  It is that 
earthquake which produces the vibratory ground motion for which these features of the nuclear 
power plant necessary for continued operation without undue risk to the health and safety of the 
public are designed to remain functional. 
 
The seismic design of systems, components, and structures within the nuclear steam supply 
system (NSSS) scope of responsibility is presented in the following pages.  The information 
presented in this section is intended to add to the information presented in Section 3.7b in order 
to better differentiate responsibilities in the seismic design of Susquehanna SES.  As a result, 
not all subsections have a response but rather refer back to the corresponding subsection in 
Section 3.7b.  
 
 
3.7a.1  SEISMIC INPUT 
 
3.7a.1.1  Design Response Spectra 
 
This subsection is covered in Subsection 3.7b.1.1. 
 
 
3.7a.1.2  Design Time History 
 
This subsection is covered in Subsection 3.7b.1.2.  
 
 
3.7a.1.3  Critical Damping Values 
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The damping factors indicated in Table 3.7a-1 were used in the response analysis of various 
structures and systems, and in preparation of floor response spectra used as forcing inputs for 
piping and equipment analysis or testing.  The values given in Table 3.7a-1 are less than or 
equal to those given in Regulatory Guide 1.61 and therefore are generally more conservative.  
See Note 1 on Table 3.7a-1 which describes the uses of higher damping values for piping 
systems. 
 
 
3.7a.1.4  Supporting Media for Seismic Category I Structures 
 
This subsection is covered in Subsection 3.7b.1.4. 
 
 
3.7a.2  SEISMIC SYSTEM ANALYSIS 
 
3.7a.2.1  Seismic Analysis Methods 
 
Analysis of Seismic Category I NSSS systems and components is accomplished using the 
response spectrum or time-history approach.  Either approach utilizes the natural period, mode 
shapes, and appropriate damping factors of the particular system.  Certain pieces of equipment 
are analyzed statically by using 1.5 times the peak acceleration of the required response 
spectra.  In some cases, dynamic testing of equipment is used for seismic qualification. 
 
The time history analyses involve the solution of the equations of the dynamic equilibrium 
(Subsection 3.7a.2.1.1) by means of the methods discussed in Subsection 3.7a.2.1.2.  In this 
case, the duration of motion is of sufficient length to ensure that the maximum values of 
response have been obtained. 
 
A response spectrum analysis involves the solution of the equations of motion (Subsection 
3.7a.2.1.1) by the method discussed in Subsection 3.7a.2.1.3. 
 
 
3.7a.2.1.1  The Equations of Dynamic Equilibrium 
 
Assuming velocity proportional damping, the dynamic equilibrium equations for a lumped mass 
distributed stiffness system are expressed in matrix form as: 
 

[ ] ( ){ } [ ] ( ){ } [ ] ( ){ } ( ){ } 1-3.7a Eq.tPtuKtuCtuM =++ (
&&  

 
where: 

 
u(t) = time dependent displacement of non-support points relative to the 

supports 
u( (t) = time dependent velocity of non-support points relative to the supports 
ü(t) = time dependent acceleration of non-support points relative to the supports 
[M] = diagonal matrix of lumped masses 
[C] = damping matrix 
[K] = stiffness matrix 
P(t) = time dependent inertial forces acting as non-support points. 
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3.7a.2.1.2  Solution of the Equations of Motion by Mode Superposition 
 
The first technique used for the solution of the equations of motion is the method of Mode 
Superposition. 
 
The set of homogenous equations represented by the undamped free vibration of the system is  
 

[M] {ü (t)}  +  [K]  {u(t)}  = {0}    Eq. 3.7a-2 
 
Since the free oscillations are assumed to be harmonic, the displacements can be written as 
 

{u(t)}  = {φ} eiwt      Eq. 3.7a-3 
 
where: 
 

{φ} = column matrix of the amplitude of displacements {u} 
w = circular frequency of oscillation 
t = time 

 
 
 
 
Substituting Equation 3.7a-3 and its derivatives in Equation 3.7a-2 and noting that eiwt is not 
necessarily zero for all values of t yields  
 
  [ -ο2 [M]  +  [K] ] {φ}  =  {0}     Eq. 3.7a-4 
 
Equation 3.7a-4 is the classical algebraic eigen value problem wherein the eigen values are the 
frequencies of vibrations and the eigen vectors are the mode shapes, {φi}. 
 
 
3.7a.2.1.3  Analysis by Response Spectrum 
 
As an alternative to the step-by-step mode superposition method described in Subsection 
3.7a.2.1.2, the response spectrum method may be used.  The response spectrum method is 
based on the fact that the modal responses can be expressed as a set of integral equations 
rather than a set of differential equations.  The advantage of this form of solution is that for a 
given ground motion the only variables under the integral are the damping factor and the 
frequency.  Thus, for a specified damping factor, it is possible to construct a curve which gives a 
maximum value of the integral as a function of frequency.  This curve is called a response 
spectrum for the particular input motion and the specified damping factor.  The integral has units 
of velocity; consequently, the maximum of the integral is called the spectral velocity. 
 
Using the calculated natural frequencies of vibration of the system, the maximum values of the 
modal responses are determined directly from the appropriate response spectrum.  The modal 
maxima are then combined as discussed in Subsection 3.7a.3.7. 
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The total seismic structural response is predicted by combining the response calculated from 
the two horizontal and the vertical analyses.  When the response spectrum method is used, the 
methods for combining the loads from the three analyses is based on the method described in 
Subsection 3.7b.2.6. 
 
3.7a.2.1.4  Support Displacements in Multi-Supported Structure 
 
The Multi-Support dynamic analysis was not used during the original design of Susquehanna 
SES nor was this type of analysis a requirement of the construction permit.  Other analytical 
methods are used to demonstrate the integrity of multi-supported structures during a postulated 
seismic event (for structures, see Subsection 3.7b.2.1).  However, independent support motion 
analysis is used in conjunction with Regulatory Guide 1.61 damping as one of the acceptable 
alternative analytical methods during snubber elimination. 
 
 
3.7a.2.1.5  Dynamic Analysis of Seismic Category I Structures, Systems, 
                 and Components             
 
Time-History Techniques or the Response Spectrum Technique are used for the dynamic 
analysis of Seismic Category I structures, systems, and components which are sensitive to 
dynamic seismic events. 
 
 
3.7a.2.1.5.1  Dynamic Analysis of Piping Systems 
 
Each pipeline is idealized as a mathematical model consisting of lumped masses connected by 
elastic members.  The stiffness matrix for the piping system is determined using the elastic 
properties of the pipe.  This includes the effects of torsional, bending, shear, and axial 
deformations as well as change in stiffness due to curved members.  Next the dynamic 
response of the system is calculated by using the response spectrum method of analysis. 
 
The relative displacement between anchors is determined from the dynamic analysis of the 
structures.  The results of the relative anchor point displacement are used for a static analysis to 
determine the additional stresses due to relative anchor point displacements. 
 
 
3.7a.2.1.5.2  Dynamic Analysis of Equipment 
 
Equipment is idealized as a mathematical model consisting of lumped masses connected by 
elastic members or springs.  Analytical results for some selected large Seismic Category I 
equipment are given in Table 3.9-2. 
 
When the equipment is supported at more than two points located at different elevations in the 
building, the response spectra for the most severe support point or spectra that envelope the 
response spectra of all support points is chosen as the design spectra. 
 
The relative displacement between supports is determined from the dynamic analysis of the 
structure.  The relative support point displacements are used for a static analysis to determine 
the additional stresses due to support displacements.  Further details are given in the following 
subsection. 
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3.7a.2.1.5.2.1  Differential Seismic Movement of Interconnected Components 
 
The procedure for considering differential displacements for equipment anchored and supported 
at points with different displacement excitation is as follows: 
 
The relative displacements between the supporting points induce additional stresses in the 
equipment supported at these points.  These stresses can be evaluated by performing a static 
analysis where each of the supporting point is displaced a prescribed amount.  From the 
dynamic analysis of the complete structure, the time history of displacement at each supporting 
point is available.  These displacements are used to calculate stresses by determining the peak 
modal responses.  The stresses thus obtained for each natural mode are then superposed for 
all modal displacements of the structure by the SRSS method.  
 
In the static calculation of the stresses due to relative displacements in the response spectrum 
method, the maximum value of the modal displacement is used.  Therefore, the mathematical 
model of the equipment is subjected to a maximum displacement at its supporting points 
obtained from the modal displacements.  This procedure is repeated for the significant modes 
(modes contributing most to the total displacement response at the supporting point) of the 
structure.  The total stresses due to relative displacement is obtained by combining the modal 
results using the SRSS (Square Root of Sum of the Square) Method.  Since the maximum 
displacement for different modes do not occur at the same time, the SRSS method is a realistic 
and practical method. 
 
When a component is covered by the ASME Boiler and Pressure Vessel Code, the stresses due 
to relative displacement as obtained above are treated as secondary stresses. 
 
 
3.7a.2.1.6  Seismic Qualification by Testing 
 
For certain Seismic Category I equipment and components where dynamic testing is necessary 
to ensure functional integrity, test performance data and results reflect the following:  
 

(1) Performance data of equipment which, under the specified conditions has been 
subjected to dynamic loads equal to or greater than those to be experienced 
under the specified seismic conditions. 

 
(2) Test data from previously tested comparable equipment which, under similar 

conditions, has been subjected to dynamic loads equal to or greater than those 
specified. 

 
(3) Actual testing of equipment in accordance with one of the methods described in 

Sections 3.9 and 3.10. 
 
 
3.7a.2.2  Natural Frequencies and Response Loads 
 
This subsection is covered in Subsection 3.7b.2.2. 
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3.7a.2.3  Procedure Used for Modeling 
 
 
3.7a.2.3.1  Modeling Techniques for Seismic Category I Structures, Systems, 
                 and Components           
 
An important step in the seismic analysis of Seismic Category I systems or structures is the 
procedure used for modeling.  The systems or structures are represented by lumped masses, 
springs and dashpots idealizing the inertial, stiffness, and damping properties of the system.  
The details of the mathematical models are determined by the complexity of the actual 
structures and the information required for the analysis. 
 
For information about modeling non-NSSS Seismic Category I structures, systems or 
components, see Subsections 3.7b.2.3 and 3.7b.3.3. 
 
3.7a.2.3.2  Modeling of Reactor Pressure Vessel and Internals 
 
The seismic loads on the reactor pressure vessel (RPV) and internals are based on a dynamic 
analysis of an entire RPV-Building Complex with the appropriate forcing function supplied at 
ground level.  For this analysis, the models shown in Figure 3.7A-1 and the mathematical model 
of the building are coupled together. 
 
This mathematical model consists of lumped masses connected by elastic (linear) members.  
Using the elastic properties of the structural components, the stiffness properties of the model 
are determined.   The effects of both bending and shear are included.  In order to facilitate 
hydrodynamic mass calculations, several mass points (fuel, shroud, vessel) are selected at the 
same elevation.  The various lengths of control rod drive housings are grouped into the two 
representative lengths shown.  These lengths represent the longest and shortest housings in 
order to adequately represent the full range of frequency response of the housings.  The high 
fundamental natural frequencies of the CRD housings results in very small seismic loads.  
Furthermore, the small frequency differences between the various housings due to the length 
differences result in negligible differences in dynamic response.  Hence, the modeling of 
intermediate length members becomes unnecessary.  Not included in the mathematical model 
are light components such as jet pumps, in-core guide tubes and housings, sparger, and their 
supply headers.  This is done to reduce the complexity of the dynamic model.  If the seismic 
responses of these components are needed, they can be determined after the system response 
has been found. 
 
The presence of a fluid and other structural components (e.g., fuel within the RPV) introduces a 
dynamic coupling effect.  Dynamic effects of water enclosed by the RPV are accounted for by 
introduction of a hydrodynamic mass matrix, which will serve to link the acceleration terms of 
the equations of motion of points at the same elevation in concentric cylinders with a fluid 
entrapped in the annulus.  The details of the hydrodynamic mass derivation are given in 
Reference 3.7a-1.  The seismic model of the RPV and internals has two horizontal coordinates 
for each mass point considered in the analysis.  The remaining translational coordinate (vertical) 
is excluded because the vertical frequencies of RPV and internals are well above the significant 
horizontal frequencies.  Furthermore, all support structures, building and containment walls 
have a common centerline, and hence, the coupling effects are negligible.  A separate vertical 
analysis is performed.  Dynamic loads due to vertical motion are added to or subtracted from 
the static weight of components, whichever is the more conservative.  The two rotational 
coordinates about each node point are excluded because the contribution of rotary inertia is 
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negligible.  Since all deflections are assumed to be within the elastic range, the rigidity of some 
components may be accounted for by equivalent linear springs. 
 
The shroud support plate is loaded in its own plane during a seismic event and hence is 
extremely stiff and therefore may be modeled as a rigid link in the translational direction.  The 
shroud support legs and the local flexibilities of the vessel and shroud contribute to the 
rotational flexibilities and are modeled as an equivalent torsional spring. 
 
 
3.7a.2.3.3  Comparison of Responses 
 
The comparison between the calculated maximum seismic loads and the allowable loads in the 
RPV and internals is given in Table 3.7a-2. 
 
 
3.7a.2.4  Soil Structure Interaction 
 
This subsection is covered in Subsection 3.7b.2.4. 
 
 
3.7a.2.5  Development of Floor Response Spectra 
 
This subsection is covered in Subsection 3.7b.2.5. 
 
 
3.7a.2.6  Three Components of Earthquake Motion 
 
This subsection is covered in Subsection 3.7b.2.6 
 
 
3.7a.2.7  Combination of Modal Responses 
 
This subsection is covered in Subsection 3.7b.2.7. 
 
 
3.7a.2.8  Interaction of Non-Category I Structures with Seismic Category I Structures 
 
This subsection is covered in Subsection 3.7b.2.8. 
 
 
3.7a.2.9  Effects of Parameter Variations on Floor Response Spectra 
 
This subsection is covered in Subsection 3.7b.2.9. 
 
 
3.7a.2.10  Use of Constant Vertical Static Factors 
 
This subsection is covered in Subsection 3.7b.2.10. 
 
 
3.7a.2.11  Methods Used to Account for Torsional Effects 
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This subsection is covered under Subsection 3.7b.2.11. 
 
 
3.7a.2.12  Comparison of Responses 
 
This subsection is covered under Subsection 3.7b.2.12. 
 
 
3.7a.2.13  Methods for Seismic Analysis of Dams 
 
This subsection is covered under Subsection 3.7b.2.13. 
 
 
3.7a.2.14  Determination of Seismic Category I Structure Overturning Moments 
 
This subsection is covered under Subsection 3.7b.2.14. 
 
 
3.7a.2.15  Analysis Procedure for Damping 
 
In a linear dynamic analysis, the procedure utilized to properly account for damping in different 
elements of a coupled system model is as follows:  
 

(1) The structural damping of the various structural elements of the model are first 
specified.  Each value is referred to as the damping ratio (Bj) of a particular 
component which contributes to the complete stiffness of the system. 

 
(2) Perform a modal analysis of the linear system model.  This will result in a modal 

matrix (φ) normalized such that φT
i Kφi = W2

i, = W2i, where K is the stiffness matrix, 
Wi the circular natural frequency of mode i and φT

i is the transpose φ, which is a 
column vector of φ corresponding to the mode shape of mode i.  Matrix φ 
contains all translational and rotational coordinates. 

 
(3) Using the strain energy of the individual components as a weighting function, the 

following equation can be derived to obtain a suitable damping ratio (Bi) for the ith 
mode. 
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where 
 

N = Total number of structural elements 
 
φi = Mode shape for mode i (φ transpose) 
 
Bj = Percent damping associated with element j 
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Kj = Stiffness contribution of element j 
 
Wi = Circular natural frequency of mode i 

 
 
3.7a.3  SEISMIC SUBSYSTEM ANALYSIS 
 
3.7a.3.1  Seismic Analysis Methods See Subsection 3.7a.2.1 
 
3.7a.3.2  Determination of Number of Earthquake Cycles 
 
To evaluate the number of cycles which exist within a given earthquake, a typical boiling water 
reactor building-reactor dynamic model was excited by three different recorded time histories - 
May 18, 1940, El Centro NS component, 29.4 sec; 1952, Taft N69°W component, 30 sec; and 
March 1957, Golden Gate S80°E component, 13.2 sec.  The model response was truncated 
such that the response of three different frequency bandwidths could be studied, 0+-10 Hz, 10-
20 Hz, and 20-50 Hz. This was done to give an approximation of the cyclic behavior expected 
from structures with different frequency content. 
 
Enveloping the results from the three earthquakes and averaging the results from several 
different points of the dynamic model, the cyclic behavior as given in Table 3.7a-3 was formed. 
 
Independent of earthquake or component frequency, 99.5% of the stress reversals occur below 
75% of the maximum stress level, and 95% of the reversals lie below 50% of the maximum 
stress level.  This relationship is graphically shown in Figure 3.7A-2. 
 
In summary, the cyclic behavior number of fatigue cycles of a component during an earthquake 
is found in the following manner: 
 

(a) The fundamental frequency and peak seismic loads are found by a standard 
seismic analysis. 

 
(b) The number of cycles which the component experiences are found from Table 

3.7a-3 according to the frequency range within which the fundamental frequency 
lies. 

 
(c) For fatigue evaluation, one-half percent (0.005) of these cycles are 

conservatively assumed to be at the peak load 4.5% (0.045%) at three-quarter 
peak.  The remainder of the cycles will have negligible contribution to fatigue 
usage. 

 
The safe shutdown earthquake has the highest level of response.  However, the encounter 
probability of the SSE is so small that it is not necessary to postulate the possibility of more than 
one SSE during the operating life of a plant.  Fatigue evaluation due to the SSE is not 
necessary since it is a faulted condition and thus not required by ASME Section III. 
 
The OBE is an upset condition and therefore, must be included in fatigue evaluations according 
to ASME Section III.  Investigation of seismic histories for many plants show that during a 40 
year life, it is probable that five earthquakes with intensities one-tenth of the SSE intensity, and 
one earthquake approximately 20% of the proposed SSE intensity, will occur.  Therefore, the 
probability of even an OBE is extremely low.  To cover the combined effects of these 
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earthquakes and the cumulative effects of even lesser earthquakes, one OBE intensity 
earthquake with 10 peak stress cycles is postulated for fatigue evaluation. 
 
 
3.7a.3.3  Procedure Used for Modeling 
 
3.7a.3.3.1  Modeling of Piping Systems 
 
The continuous piping system is modeled as an assemblage of the beams.  The mass of each 
beam is lumped at the nodes connected by weightless elastic member, representing the 
physical properties of each segment.  The pipe lengths between mass points will be no greater 
than the length which would have a natural frequency of 33 Hz when calculated as a simply 
supported beam.  All concentrated weights on the piping system such as main valves, relief 
valves, pumps, and motors are modeled as lumped masses.  The torsional effects of the valve 
operators and other equipment with offset center of gravity with respect to center line of the pipe 
is included in the analytical model.  If the torsional effect is expected to cause pipe stresses less 
than 500 psi, this effect may be neglected. 
 
 
3.7a.3.3.2  Modeling of Equipment 
 
For dynamic analysis, Seismic Category I equipment is represented by lumped mass systems 
which consist of discrete masses connected by weightless springs.  The criteria used to lump 
masses are: 
 

(1) The number of modes of a dynamic system is controlled by the number of 
masses used.  Therefore, the number of masses is chosen so that all significant 
modes are included.  The modes are considered as significant if the 
corresponding natural frequencies are less than 33 Hz and the stress calculated 
from these modes are greater than 10% of the total stresses obtained from lower 
modes. 

 
(2) Mass is lumped at any point where a significant concentrated weight is located.  

Examples are the motor in the analysis of pump motor stand, the impeller in the 
analysis of pump shaft, etc. 

 
(3) If the equipment has a free-end overhang span whose flexibility is significant 

compared to the center span, a mass is lumped at the overhang span. 
 
(4) When a mass is lumped between two supports, it is located at a point where the 

maximum displacement is expected to occur.  This tends to conservatively lower 
the natural frequencies of the equipment.  Similarly, in the case of live loads 
(mobile) and a variable support stiffness, the location of the load and the 
magnitude of support stiffness are chosen so as to yield the lowest frequency 
content for the system.  This is to ensure conservative dynamic loads since 
equipment frequencies are such that the floor spectra peak is in the lower 
frequency range.  If such is not the case, the model is adjusted to give more 
conservative results. 

 
 
3.7a.3.3.3  Location of Supports and Restraints 
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The location of seismic supports and restraints for Seismic Category I piping and piping systems 
components is selected to satisfy the following two conditions: 
 

(1) The location selected must furnish the required response to control stress and/or 
strain within allowable limits. 

 
(2) Adequate building strength for attachment of the components must be available. 

 
 
3.7a.3.4  Basis of Selection of Frequencies 
 
All frequencies in the range of 0.25 to 33 Hz are considered in the analysis and testing of 
structures, systems, and components.  The frequency range of between 0.25 Hz and 33 Hz 
covers the range of the broad band response spectrum used in the design.  If the fundamental 
frequency of a component is greater than or equal to 33 Hz, it is treated as rigid and analyzed 
accordingly.  Frequencies less than 0.25 Hz are not considered as they represent very flexible 
structures and are not encountered in this plant. 
 
 
3.7a.3.5  Use of Equivalent Static Load Method of Analysis 
 
This subsection is covered under Subsection 3.7b.3.5. 
 
 
3.7a.3.6  Three Components of Earthquake Motion 
 
3.7a.3.6.1  Response Spectrum Method 
 
The use of three components of earthquake motion was not a design basis requirement of the 
construction permit for this plant.  The total seismic response is predicted by combining the 
response calculated from analyses due to one horizontal and one vertical seismic input.  For 
this case, where the response spectrum method of seismic analysis is used, the basis for 
continuing the loads from the two analyses is given below: 
 

(1) The peak responses of the different modes for the same earthquake excitations 
do not occur at the same time. 

 
(2) The peak responses of a particular move due to earthquake excitations from 

different directions do not occur at the same time. 
 
(3) The peak stresses due to different modes and due to different excitations may 

not occur at the same location nor in the same direction. 
 
To implement the above, the two translation components of earthquake excitations are 
combined by summing the absolute sum of all responses of interest (e.g., strain, displacement 
stress, moment, shear, etc.) from seismic motion, the one horizontal (x or z) and one vertical 
direction (y), i.e., |x+y| or |y+z|.  The design is made for the larger of the two sums |x+y| or |y+z|. 
 
 
3.7a.3.6.2  Time History Method 
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The algebraic sum of contributions (to displacements, loads, stresses, etc.) due to the two 
earthquake components are calculated for each natural mode for each time interval of analysis.  
The time interval should be less than or equal to 0.2 of the smallest period of interest.  The 
maximum of the algebraically summed values (displacements, loads, stresses) over all time 
intervals are the design displacements, accelerations, loads, or stresses. 
 
The above method demonstrates the integrity of the Seismic Category I subsystems. 
 
 
3.7a.3.7  Combination of Modal Responses 
 
When the response spectra method of modal analysis is used, all modes are combined by the 
square root of the sum of the squares (SRSS) method.  When the response spectra method of 
modal analysis is used for snubber elimination or other piping modifications, modal 
combinations shall be in accordance with Regulatory Guide 1.92 whenever Code Case N-411 or 
Regulatory Guide 1.61 is invoked for damping values. 
 
 
3.7a.3.8  Analytical Procedure for Piping 
 
The analytical procedures for piping analysis have been described in Subsection 3.7a.2.1.5.1. 
 
 
3.7a.3.9  Multiply Supported Equipment Components with Distinct Inputs 
 
The procedure and criteria for analysis has been described in Subsection 3.7a.2.1.5.2. 
 
 
3.7a.3.10  Use of Constant Vertical Static Factors 
 
This subsection is covered under Subsection 3.7b.3.10. 
 
 
3.7a.3.11  Torsional Effects of Eccentric Masses 
 
Torsional effects of eccentric masses are discussed in Subsection 3.7a.3.3.1. 
 
 
3.7a.3.12  Buried Seismic Category I Piping Systems and Tunnels 
 
This subsection is covered under Subsection 3.7b.3.12. 
 
 
3.7a.3.13  Interaction of Other Piping with Seismic Category I Piping 
 
When other piping is attached to Seismic Category I piping, the other piping is analytically 
simulated in a manner that does not degrade the accuracy of the analysis of the Seismic 
Category I piping. Furthermore, the other piping is designed to withstand the SSE without failing 
in a manner that would cause the Seismic Category I piping to fail. 
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3.7a.3.14  Seismic Analysis for Reactor Internals 
 
The modeling of RPV internals has been discussed in Subsection 3.7a.2.3.2.  The damping 
values are given in Table 3.7a-1.  A comparison of responses is shown in Table 3.7a-2. 
 
 
3.7a.3.15  Analysis Procedures for Damping 
 
Analysis procedures for damping have been discussed in Subsection 3.7a.2.15. 
 
 
3.7a.4  SEISMIC INSTRUMENTATION 
 
This subsection is covered under Subsection 3.7b.4. 
 
 
3.7a.5  REFERENCES 
 
3.7a-1 L. K. Liu, "Seismic Analysis of Boiling Water Reactor," Symposium on Seismic 

Analysis of Pressure Vessel and Piping Components, First National Congress on 
Pressure Vessel and Piping, San Francisco, California, May 1971. 
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3.7b  SEISMIC DESIGN 
 
 
This section describes the seismic design requirements and methods used for Susquehanna 
SES and the seismic design and analysis of non-NSSS equipment.  Seismic design of NSSS 
equipment is described in Section 3.7a. 
 
 
3.7b.1  SEISMIC INPUT 
 
3.7b.1.1  Design Response Spectra 
 
The site design response spectra for all rock founded structures except the Diesel Generator 'E' 
Building are illustrated on Figures 3.7B-1 and 3.7B-2 for the horizontal components of the 
Operating Basis Earthquake (OBE) and Safe Shutdown Earthquake (SSE) respectively.  For the 
Diesel Generator 'E' Building, the horizontal site design response spectra are based on 
Regulatory Guide 1.60, Rev. 1 and are illustrated on Figures 3.7B-2 and 3.7B-4.  The design 
earthquake is assumed to be the free field motion at the base mat of the structure without the 
effect of the structure.  For all Seismic Category I structures founded on rock the maximum 
horizontal ground acceleration values are 5 and 10 percent of gravity for OBE and SSE 
respectively (refer to Subsections 2.5.2.6 and 2.5.2.7).  However, Seismic Category I structures 
founded on soil, and the spray pond have been designed for maximum horizontal ground 
accelerations of 8 percent (OBE) and 15 percent (SSE) of gravity.  The maximum ground 
displacement is taken proportional to the maximum ground acceleration.  The displacement 
associated with a 1.0 gravity ground acceleration is set at 40 inches for all Seismic Category I 
structures except the Diesel Generator 'E' Building where it is set at 36 inches.   
 
The base diagram of all design spectra consists of three parts: the maximum ground 
acceleration line on the left part, the maximum ground displacement line on the right part, and 
the middle part depends on the maximum pseudo-velocity. 
 
For various damping values, the numerical values of design displacements and accelerations 
for the horizontal component design response spectra used for all Seismic Category I structures 
except the Diesel Generator 'E' Building are obtained by multiplying the values of the maximum 
ground displacement and acceleration by the corresponding factors given in Table 3.7b-1.  
Table 3.7b-2 provides the amplification factors for the horizontal and vertical design response 
spectra associated with the Diesel Generator 'E' Building.   
 
The acceleration lines of the design response spectra are drawn parallel to the maximum 
ground acceleration line between the frequency lines of 6.67 cps (control point B of 
Figures 3.7B-1 and 3.7B-2) and 2 cps (control point C).  The acceleration lines converge at the 
junction of the maximum ground acceleration line and the 33 cps frequency line (control point 
A).  For frequencies higher than 33 cps, the maximum ground acceleration line represents the 
design response spectra.  The displacement lines are drawn parallel to the maximum ground 
displacement line.  The maximum pseudo-velocity is assumed to be constant.  Lines were 
drawn parallel to the constant velocity lines connecting the acceleration lines at control point C 
and the displacement lines.  
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For all Seismic Category I structures except the Diesel Generator 'E' building, the design 
response spectra values for the vertical component of the earthquake are taken as 2/3 of the 
corresponding values of the horizontal component of the earthquake. 
 
The site design spectra for all Seismic Category I structures except the Diesel Generator 'E' 
Building deviate from those suggested in Regulatory Guide 1.60.  Figures 3.7B-88 through 
3.7B-91 provide comparison of the two.  The damping values for the NRC spectra are those 
specified by Regulatory Guide 1.61 for reinforced concrete structures. 
 
Both the horizontal and vertical site design spectra for the Diesel Generator 'E' Building are 
based on Regulatory Guide 1.60, Rev. 1.  The vertical ground acceleration values are the same 
as the horizontal ground acceleration values.   
 
 
3.7b.1.2  Design Time History 
 
A synthetic time history motion for all Seismic Category I structures, except the Diesel 
Generator 'E' Building, is generated by modifying the actual records of the 1952 Taft earthquake 
according to the techniques proposed in Reference 3.7b-1.  Figure 3.7B-5 shows the 
normalized synthetic time history motion.  The duration of the time history is 20 sec.  The time 
interval of the time history is 0.005 sec. 
 
Figures 3.7B-8 and 3.7B-9 show a comparison of the time history response spectra and the 
design response spectra for 2, 3, 5, and 7 percent damping values.  The spectra are computed 
at the following frequency values (in cps): 
 
0.2  to  1.0 (increment of 0.05) 
 
1.0  to 10.0 (increment of 0.1) 
 
10.0 to 30.0 (increment of 1.0) 
 
Figure 3.7B-10 shows a comparison of the time history response spectra and the design 
response spectra for 2 and 5 percent damping values for a frequency range between 0.2 and 
1.0 cps, with intervals of 0.0125 cps.  All the above figures show that the time history response 
spectra envelop the design response spectra. 
 
The synthetic time history motions for the Diesel Generator 'E' Building are generated from 
noise and are not based on actual earthquake recordings.  Figures 3.7B-6 and 3.7B-7 show the 
horizontal and vertical synthetic time history motions, respectively.  The duration of these time 
histories is 25 seconds.  The time interval of these time histories is 0.01 seconds.  
Figures 3.7B-11 through 3.7B-16 show a comparison of the time history response spectra and 
the design response spectra for the horizontal and vertical directions at 2, 5 and 7 percent 
damping values.  The spectra are computed at the frequencies suggested in Standard Review 
Plan 3.7.1, July 1981.  Figures 3.7B-11 through 3.7B-16 show that the time history response 
spectra meet the acceptance criteria described in the referenced Standard Review Plan.   
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3.7b.1.3  Critical Damping Values (Non-NSSS) 
 
Table 3.7b-3 summarizes the damping values used on Susquehanna SES except for the Diesel 
Generator 'E' facility.  They are expressed as a percentage of critical damping and are based on 
Reference 3.7b-2.  For the Diesel Generator 'E' facility, the damping values are based on 
Regulatory Guide 1.61, Rev. 0 and are summarized in Table 3.7b-4.   
 
The ESSW pumphouse, piping to the reactor building, the spray pond and the Diesel Generator 
'E' fuel tank are some of the Seismic Category I structures and systems founded on soil.  The 
equivalent spring constants and the soil damping coefficients used in the analysis of the ESSW 
pumphouse are shown in Table 3.7b-5.  These values are based on formulae contained in 
Table 3-2 of Reference 03.7b-3.  A lumped representation of soil structure interaction was used. 
 
Soil structure interaction is also considered in the generation of the response spectra for the 
containment.  As in the ESSW pumphouse, a lumped representation of the soil structure 
interaction is considered.  Table 3.7b-5 shows the equivalent spring and damping coefficients 
used in the containment model. 
 
 
3.7b.1.4  Supporting Media for Seismic Category I Structures 
 
All Seismic Category I structures, with the exception of ESSW pumphouse, the spray pond, and 
its pipe supports, the Diesel Generator ‘E’ Fuel Oil Tank, miscellaneous structures and other 
buried pipes are founded on rock.  For the structural analysis of the rock based structures, soil 
structure interaction is considered to be negligible due to the high stiffness of the rock, which 
has a modulus of elasticity of approximately 3.0x106 psi.  However, the response spectra of the 
containment are derived from a model that considers the flexibility of the rock. 
 
The properties of the rock and soil supporting the ESSW pumphouse are shown in 
Table 3.7b-6.  Discussion of the embedment of structures in soil will be limited to the ESSW 
pumphouse, since all the other structures are founded on rock. 
 
The ESSW pumphouse is 59 ft high and rests on a 64 ft x 112 ft reinforced concrete mat 
foundation.  The embedment depth of the foundation is 29 ft.  The depth of soil below the mat 
foundation varies from 35 to 60 ft.  The soil is predominantly sand, gravel, cobbles, and 
boulders.  Near the surface, the soil is primarily sand and sandy gravel.  With increasing depth, 
the soil changes to more cobbles and boulders.  Near bedrock, the soil is mostly cobbles and 
boulders. 
 
The site geology is discussed in detail in Section 2.5. 
 
 
3.7b.2  SEISMIC SYSTEM ANALYSIS 
 
Section 3.2 identifies Seismic Category I structures, systems, and components.  Seismic 
Category I structures are considered seismic systems and are discussed here.  Seismic 
Category I systems and components are considered seismic subsystems and are discussed in 
Subsection 3.7b.3.  Seismic systems are analyzed for both the OBE and SSE. 
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3.7b.2.1  Seismic Analysis Methods 
 
The response spectrum method is used for seismic analysis of Seismic Category I structures.  A 
description of the method is given in Section 4.2.1 of Reference 3.7b-3 for all Seismic 
Category I structures except the Diesel Generator 'E' Building where it is given in Section 6 of 
Reference 3.7b-21.  Separate lateral and vertical analyses of structures are performed.  The 
responses are then combined to predict the total response of the structure. 
 
A time history analysis of the Seismic Category I structures is done to generate the response 
spectra at the various mass points of the model. 
 
The mathematical models used for these analyses are lumped mass, stick models.  The same 
models were used for both the response spectrum and time history analyses.  The 
mathematical models of the reactor and control building are shown on Figures 3.7B-19, through 
3.7B-21. 
 
For all models, the masses are located at elevations of mass concentrations, such as floors and 
roofs.  However, in the case of the containment which is a structure of continuous mass 
distribution, masses are lumped at variable intervals ranging from 6.6 feet to 15.7 feet along the 
containment shell and reactor pedestal.  These methods of mass distribution are in accordance 
with the procedures of Section 3.2 of Reference 3.7b-3 to provide an adequate number of 
masses.  The mathematical models of the containment are shown on Figures 3.7b-17 and 
3.7-18. 
 
The reactor and control buildings act as a single structure due to the monolithic construction.  
The entire reactor and control building structure is shown as a single unit in Figure 3.7B-22.  
Both the control building and the line 29 wall of the reactor building are connected to the P-line 
wall, which is common to both the reactor and control buildings.  In the east-west direction, the 
control building and the line 29 wall are considered to respond as a single unit. 
 
The horizontal mathematical models are shown on Figures 3.7B-19 and 3.7B-20.  The sticks 
represent shear walls located at the base mat elevation in the reactor building in the direction of 
the earthquake motion.  In the east-west model (Figure 3.7B-19), the control building is lumped 
entirely on the line 29 stick.  The entire control building is considered to contribute to the 
stiffness of the line 29 stick.  In the North-South direction (Figure 3.7b-20), the control building 
has its own stick connected to the P-line wall by springs. 
 
The springs between the sticks represent the flexibility of the floor slab connecting each stick.  
Since these springs act in the direction of the earthquake motion, the model allows relative 
displacement between sticks.  Figure 3.7B-21 shows the vertical earthquake model of the 
reactor and control buildings.  The left stick represents the steel columns.  The right stick 
represents the concrete walls of both the reactor and control buildings.  The floors are 
represented by lumped masses and beam elements with the appropriate stiffness to capture the 
out of plane flexural vibration.  Vertical translational coupling springs are provided to represent 
the coupling stiffness of the floor slab between the wall and column sticks.  Mass numbers 8, 
55, and 57 represent the fuel pool girder masses.  Mass numbers 34, 35, 41, 43, 44, 46, 53 and 
54 represent the floors between the fuel pool girders and columns/walls.  Figure 3.7B-23 shows 
the correlation between the model mass points and the actual structure. 
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To more accurately determine the dynamic characteristics of the mathematical models the 
modulus of elasticity for concrete used in the analysis, is determined based on test results of 
concrete samples obtained from the plant site.  The modulus value used is 720,000 ksf for all 
Seismic Category I structures except the Diesel Generator 'E' building where it was taken to be 
518,400 ksf.   
 
The seismic analysis of the Seismic Category I structures considers all modes whose 
frequencies are less than 33 cps.  However, if a structure has only one or two modes with a 
natural frequency below 33 cps, then the three lowest modes are used.  If a structure has three 
or less degrees of freedom, then all modes are considered in the analysis.  For the Diesel 
Generator 'E' Building and its pedestal, all modes were considered.   
 
The Seismic Category I structures are supported by continuous base mats; therefore, relative 
displacement of supports is not a consideration. 
 
Nonlinear responses are not considered since the Seismic Category I structures are designed to 
remain elastic. 
 
 
3.7b.2.1.1  Flexible Base and Fixed Base Containment Models 
 
The original structural design of the containment was based uupon results obtained from a fixed 
base model of the containment.  The fixed base model used a damping value of 5% of critical 
damping for all structural modes.  The utilization of a fixed base model can be justified since the 
containment is founded on hard competent rock. 
 
At a later date, a flexible base model of the containment was developed.  The flexible base 
model of the containment is more realistic since it takes into account soil-structure interaction 
effects.  The flexible base containment model used composite modal damping as described in 
reference 3.7b-3, (BC-TOP-4A, Rev. 3, Appendix D).  Analyses were performed using the 
flexible base model to generate structural response spectra for evaluation of equipment, piping 
systems, etc. 
 
Both models are fully in accordance with the requirements in Reference 3.7b-3, which has been 
approved by the NRC.  For information regarding the comparison of results from the fixed base 
and flexible base models, see FSAR Section 3.7b.2.2.1, Revision 46 and previous revisions. 
 
NSSS equipment qualified by GE used loads obtained from the fixed base model.  All 
subsequent structural assessments have used loads derived from the more realistic flexible 
base model throughout.  All future analyses shall use the loads derived from the more realistic 
flexible model.  All remaining discussions regarding the containment presented in the FSAR are 
for the flexible base model. 
 
 
3.7b.2.2  Natural Frequencies and Response Loads 
 
The natural frequencies of the containment and the reactor and control building below 33 cps 
are shown in Tables 3.7b-7 and 3.7b-8 respectively.  The first seven frequencies of the reactor 
and control building in the east-west direction are dependent upon the location of the reactor 
building cranes. 
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Some of the significant mode shapes of the containment and the reactor and control building 
are shown on Figures 3.7B-24 through 3.7B-39.  The mode shapes for containment are for the 
horizontal and vertical directions.  The reactor and control building mode shapes are for each of 
the three principal directions:  east-west, north-south, and vertical.  As with the frequencies, the 
first seven mode shapes of the reactor and control building in the east-west direction depend on 
the location of the cranes.  Figures 3.7B-30 through 3.7B-34 show that it is the superstructure of 
the reactor building that is excited at these low frequencies.  The location of the cranes is noted 
on the figures. 
 
Figures 3.7B-40 through 3.7B-47 show the response displacements and accelerations of the 
containment for both OBE and SSE.  The response of the reactor and control building is shown 
on Figures 3.7B-48 through 3.7B-59. 
 
Response spectra at critical locations are shown on Figures 3.7B-60 through 3.7B-87. The 
curves are shown for each of the three principal directions at the damping values used for each 
design earthquake (see Subsection 3.7b.2.15 for further discussion of damping values).  A brief 
description of the location of each series of curves is provided below with the corresponding 
figure numbers. 
 
Figures 3.7B-60 through 3.7B-63 
 

RPV Pedestal 

Figures 3.7B-64 through 3.7B-69, 
 

Refueling Area 

Figures 3.7B-70 through 3.7B-81 
 

Diesel Generator 'A-D' and 'E' Pedestals 

Figures 3.7B-82 through 3.7B-87 
 

Operating Floor of ESSW Pumphouse 

 
 
3.7b.2.3  Procedure Used for Modeling 
 
Seismic systems and subsystems were defined in Subsection 3.7b.2. 
 
All equipment, components, and piping systems are lumped into the supporting structure mass 
except for the reactor vessel, which is analyzed using a coupled model of the containment 
structure and the reactor vessel (refer to Figures 3.7B-17 and 3.7B-18).  See Section 3.2 of 
reference 3.7b-3 for the criteria of lumping the equipment, components and piping systems into 
the supporting structure mass. 
 
Adequacy of the number of masses and degrees of freedom is discussed in 
Subsection 3.7b.2.1. 
 
Each Seismic Category I structure is considered to be independent because of a gap between 
adjacent structures.  For example, there is a 2 in. horizontal gap between the reactor and 
control building and the containment above the foundation mat. 
 
To form these gaps rodofoam material (Ref. 3.7b-12) was used.  Rodofoam was left in place in 
the following areas: 
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(1) Joints where the provided actual gap is 0.5 inch greater than that originally specified on 
the civil drawings. 

 
(2) Joints where the interaction forces between structures due to presence of rodofoam 

cause insignificant effect on shear and moment. 
 
 
3.7b.2.4  Soil Structure Interaction 
 
All Seismic Category I structures, except the ESSW pumphouse and spray pond, are founded 
on rock.  The seismic analysis of these structures is done assuming a fixed base.  As stated in 
Subsection 3.7b.2.1, the containment response spectrum curves are generated from a flexible 
base model.  The rock is assumed to be a homogeneous material comprising an entire elastic 
half-space.  The soil springs and dampers used to represent the effect of the soil are discussed 
in Subsection 3.7b.1.3. 
 
The ESSW pumphouse is supported by natural soil formation; consequently, soil structure 
interaction has been considered in the analysis of the pumphouse.Information regarding soil 
characteristics, foundation embedment, etc., is contained in Subsection 3.7b.1.4.  The soil 
structure interaction analysis is performed using the lumped spring approach.  The soil is 
considered a homogeneous material.  The equivalent spring constants and the soil damping 
coefficients are discussed in Subsection 3.7b.1.3. 
 
The seismic analysis of the spray pond is discussed in Subsection 2.5.5. 
 
 
3.7b.2.5  Development of Floor Response Spectra 
 
A time history analysis is used to develop the floor response spectra.  The mathematical models 
used for this analysis are discussed in Subsections 3.7b.2.1, 3.7b.2.3, and 3.7b.2.4. 
 
The floor response spectra for all Seismic Category I structures except the Diesel Generator 'E' 
Building are calculated at the frequencies listed in Table 5-1 of Reference 3.7b-3.  For the 
Diesel Generator 'E' Building, the floor response spectra are calculated at the frequencies 
recommended in Regulatory Guide 1.122, Rev. 1.  Structural frequencies up to 33 cps are used. 
 
 
3.7b.2.6  Three Components of Earthquake Motion 
 
Independent analyses are done for the vertical and two horizontal (east-west and north-south) 
directions. For design purposes, the response value used for all Seismic Category I structures 
except the Diesel Generator 'E' Building is the maximum value obtained by adding the response 
due to vertical earthquake with the larger value of the response due to one of the horizontal 
earthquakes by the absolute sum method.  For the Diesel Generator 'E' Building, the responses 
due to three simultaneous orthogonal components of an earthquake are combined by the 
square root of the sum of the squares method per Regulatory Guide 1.92, Rev. 1.   
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3.7b.2.7  Combination of Modal Responses 
 
The modal responses, i.e., shears, moments, deflections, accelerations, and inertia forces, are 
combined by either the sum of the absolute values method or by the square root of the sum of 
the squares method.  When the latter method is used in all Seismic Category I structures except 
the Diesel Generator 'E' Building, the absolute values of closely spaced modes for each group 
are added first and then combined with the other modes or groups of closely spaced modes by 
the square root of the sum of the squares method.  Two consecutive modes are defined as 
closely spaced when their frequencies differ from each other by 0.5 cps or less. 
 
The definition for closely spaced modes was established for the Susquehanna Project in 
November, 1974 (Reference Question C-11 of PSAR Amendment #16.)  It can be seen from 
Table 3.7b-7 that the natural frequencies of the containment are so widely spaced that they are 
not closely spaced modes based on the SRP definition for closely spaced modes.  For the 
reactor and control buildings (see Table 3.7b-8) where frequencies are not widely spaced, the 
model responses are combined by the absolute sum method. 
 
For the Diesel Generator 'E' Building, the total response is obtained by combining the absolute 
values of all closely spaced modal responses with the square root of the sum of squares of the 
remaining modal responses.  Two consecutive modes are defined as closely spaced when their 
frequencies differ from each other by 10 percent or less (reference: Regulatory Guide 1-92). 
 
 
3.7b.2.8  Interaction of Non-Category I Structures with Seismic Category I Structures 
 
Non-Category I structures that are close to Seismic Category I structures, the turbine and 
radwaste buildings, have been designed to withstand an SSE.  Dynamic analyses of these 
structures were done by the response spectrum method. 
 
The remaining non-Category I structures were designed for seismic loads according to the UBC 
(Ref. 3.7b-4).  The collapse of any of these remaining non-Category I structures will not cause 
the failure of a Seismic Category I structure. 
 
Structural separations have been provided to ensure that interaction between Category I and 
non-Category I structures does not occur.  The minimum separation at any point is maintained 
at one and a half times the absolute sum of the predicted maximum displacements of the two 
structures. 
 
The rodofoam material that was used to form the separation gaps was left in place in some 
areas as mentioned in Section 3.7b.2.3. 
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3.7b.2.9  Effects of Parameter Variations on Floor Response Spectra 
 
To account for variations in the structural frequencies owing to uncertainties in the material 
properties of the structure and to approximations in the modeling techniques used in the seismic 
analysis, the computed floor response spectra are smoothed and peaks associated with each of 
the structural frequencies are broadened.  The parameters, which are considered variable, are 
the masses, the modulus of elasticity of the material, and the cross-sectional properties of the 
members.  In addition, variation in the structural frequency is also taken into account because 
the base of the structures may not be fully fixed as assumed in the analysis.  
 
Let 
 
  nf = Natural frequency of the building at a peak value of the floor response spectra 
 
  nf = Total variation in nf 
 
  nfm = Variation in nf due to variation in the mass 
 
  nfe = Variation in nf due to variation in the modulus of elasticity of the material 
 
  nfs = Variation in nf due to variation in the cross-sectional properties of the members 
 
A factor of 0.05 is used to account for the decrease in nf due to the possibility that the base of 
the structures may not be fully fixed. 
 
Since it is highly improbable that the maximum variations in the individual parameters would 
occur simultaneously,  nf is determined by the square root of the sum of the squares of the 
individual variations as follows: 
 
The maximum increase in nf is given by: 
 
+ nf = [( nfm)2 + ( nfe)2 + ( nfs)2] 2 
 
- nf = [( nfm)2 + ( nfe)2 + ( nfs)2 + (0.05)2] 2 
 
For all Seismic Category I structures, except the Diesel Generator 'E' Building, the following 
values of + nf are used: 
 
+ nf = 0.12 nf 
  
- nf = -0.14 nf 
 
For the Diesel Generator 'E' Building, the computed floor response spectra were smoothed and 
peak width associated with each structural frequency was increased by +15 percent.  
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3.7b.2.10  Use of Constant Vertical Static Factors 
 
Constant vertical static factors are not used in the seismic design of Seismic Category I 
structures.  The methodology used for the vertical seismic analysis is similar to the horizontal 
analysis. 
 
 
3.7b.2.11  Methods Used To Account for Torsional Effects 
 
Torsional effects for the diesel generator buildings and ESSW pumphouse are accounted as 
follows:  
 
A static analysis was done to account for torsion on the Diesel Generator 'A-D' Building and 
ESSW pumphouse.  For the ESSW pumphouse the eccentricity was determined by the distance 
between the center of mass and the center of rigidity of the structure.  The inertia force from the 
response spectrum analysis was applied at the center of mass.  The resulting torsional moment 
is equal to the inertial force multiplied by the eccentricity.  The shear forces due to the torsional 
moment were then distributed to the walls.  The torsional shear forces are distributed according 
to the method described in Section 3.4 of Reference 3.7b-5. 
 
In the Diesel Generator 'A-D' Building, torsion is considered due to the eccentricity caused by 
the difference in rigidities of the east and west shear walls.  The torsional shear forces are 
assumed to be taken entirely by east and west walls only. 
 
For the Diesel Generator 'E' Building, the torsional effects due to its asymmetry are accounted 
for by lumping the floor masses at their respective center of gravity in the mathematical model of 
the building discussed in Section 3.7b.2.1.  The stiffness matrix is calculated at these mass 
points and thus reflects the actual asymmetrical building configuration including the various wall 
openings.  To account for accidental torsion, an additional torsional moment, produced by an 
eccentricity of +5 percent of the maximum building dimension, is added to the gross torsional 
moment obtained from the dynamic analysis of the above mathematical model.  The 
mathematical model of the diesel generator ‘E’ building is shown in Figure 3.7B-95. 
 
Torsional effects are negligible for the containment because of the symmetry of the structure. 
 
The reactor/control building is modeled for horizontal dynamic analysis as multiple sticks 
coupled by springs representing the shear stiffness of the floor slabs.  Each stick represents a 
major structural shear wall.  The mass and stiffness distribution of the structural walls is such 
that torsional effects are properly represented in the dynamic analysis. 
 
Torsional effects for the Diesel Generator 'A-D' Building, ESSW pumphouse, and reactor/control 
building are also discussed in response to NRC questions 130.21 and 130.22. 
 
 
3.7b.2.11.1  Torsional Analysis of Diesel Generator Building A-D and ESSW Pumphouse  
 
During the dynamic analysis state, the inertia force at each mass was considered to be applied 
at the center of mass.  However, since the center of rigidity does not coincide with the center of 
mass, there is torsion.  The inertia force obtained from the dynamic analysis was used by 
multiplying it with the eccentricity (the distance between the center of mass and the center of 
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rigidity) to obtain the torsional moment.  This moment was then distributed to the structural walls 
for assessment. 
 
A minimum eccentricity of 5% was considered. 
 
(i) The eccentricities of these structures were calculated. 
 
(ii) The structures were represented by fixed base 3-D stick models with structural masses 

properly lumped at the calculated eccentricities, as shown in Figures 3.7B-93 and 
3.7B-94. 

 
(iii) Modal frequency analyses of the 3-D stick models were performed to determine the 

structure frequencies. 
 
(iv) The frequencies determined are then compared with the corresponding frequencies 

associated with the fixed base models having zero eccentricities. 
 
The results of comparison for the ESSW Pumphouse is shown on Table 3.7b-9 and for the 
Diesel Generator Building is shown on Table 3.7b-10.  These results indicate that there are 
insignificant shifts in the structural frequencies by including the eccentricities in the dynamic 
analysis. 
 
From the results of this study, it is concluded that the structures modeled by lumped stick 
models without the inclusion of eccentricities in the dynamic analysis is adequate for the 
prediction of desired structural responses. 
 
Table 3.7b-11 shows the comparisons of torsional moments for SSE obtained from the studies 
made using 3-D stick model with the torsional moments used in the original analysis.  
Evaluation of the comparisons is shown as follows: 
 
(1) Torsional moment used in the original design of ESSW Pumphouse is higher than the 

torsional moments computed from 3-D stick model results.  Therefore, the original 
design is adequate. 

 
(2) Torsional moments used in the original design of Diesel Generator building are lower 

than the torsional moments computed from the 3-D stick results.  However, the stresses 
computed from the higher torsional moments result in a maximum shear stress of 16 psi 
which gives a maximum total shear stress of 74 psi due to torsion and direct shear, 
compared to an allowable of 126 psi.  Thus, the original design of the diesel generator 
building is adequate. 

 
 
3.7b.2.11.2  Torsional Analysis of the Reactor/Control Building 
 
The torsional effect in the reactor/control building was considered in the dynamic analysis. Units 
1 and 2 were considered simultaneously.  
 
In the N-S direction, the eccentricity is larger than 5%.  The N-S dynamic model presented on 
Figure 3.7B-20 consists of three sticks at each floor and the stiffness distribution of the 
structural walls are such that proper representation of the eccentricity is obtained.  Therefore, 
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the torsional effect is properly accounted for in the dynamic analysis. The computed dynamic 
member forces and modal point responses were used for the assessment of structure and 
equipment. 
 
In the E-W direction (see seismic model on Figure 3.7B-19), the eccentricity is less than 5%. 
However, a minimum eccentricity of 5% was considered by redistributing the masses.  This was 
done for the assessment of walls. 
 
 
3.7b.2.12  Comparison of Responses 
 
Figures 3.7B-8 through 3.7B-10 (applicable for all Seismic Category I structures except the 
Diesel Generator 'E' Building) show that the response spectra of the time history envelop the 
design response spectra at all frequencies.  The time history has been used to generate 
response spectra in the structures but has not been used to calculate forces in the structures.  
Response in typical Category I Structures, obtained from the response spectrum analysis 
compare closely with those obtained from time history analysis based on studies comparing 
displacements and accelerations obtained by the two methods, however there is some variation.  
Both methods are acceptable per Regulatory Guide 1.92 and Regulatory Guide 1.122. 
 
The corresponding comparisons of the time history response spectra to the design response 
spectra for the Diesel Generator 'E' Building are provided in Figures 3.7B-11 through 3.7B-13 
for the horizontal direction and Figures 3.7B-14 through 3.7B-16 for the vertical direction.   
 
 
3.7b.2.13  Methods for Seismic Analysis of Dams 
 
Dams are not provided on Susquehanna SES. 
 
 
3.7b.2.14  Determination of Seismic Category I Structure Overturning Moments 
 
For all Seismic Category I structures, except the Diesel Generator 'E' Building, the overturning 
moment is the sum of the moments at the base of each stick of the mathematical model.  For 
each stick, the moment at the base is determined by combining the modal overturning 
moments.  The moments are combined by the methods described in Subsection 3.7b.2.7.  For 
the Diesel Generator 'E' Building, the total accelerations at each floor elevation, due to an 
earthquake component resulting from the modal combination described in Subsection 3.7b.2.7, 
are used to compute the overturning moment. 
 
The components of the earthquake motion used are the same as those discussed in Subsection 
3.7b.2.6. 
 
Subsection 3.8.5 discusses the factor of safety against overturning for several loadings, which 
include seismic loads. 
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3.7b.2.15  Analysis Procedure for Damping 
 
All Seismic Category I structures except the Diesel Generator 'E' Building consist of reinforced 
concrete and welded/bolted structural steel.  Damping values for these materials are shown in 
Table 3.7b-3.  However, in the seismic analysis of the structures, (except the Diesel Generator 
'E' Building), damping values of 2 and 5 percent are used for OBE and SSE respectively for 
reinforced concrete, as well as welded/bolted structural steel.  Therefore, analysis of composite 
modal damping is not necessary. 
 
The Diesel Generator 'E' Building is constructed solely out of reinforced concrete.  As shown in 
Table 3.7b-4, damping values of 4 and 7 percent are used for OBE and SSE, respectively.   
 
All Seismic Category I structures except the ESSW pumphouse and spray pond and its pipe 
supports are founded on rock.  Consequently, soil damping values are calculated for the ESSW 
pumphouse as described in Appendix D of Reference 3.7b-3. 
 
The interaction damping values for the time history analysis of the containment are also 
calculated by the method described in Appendix D of Reference 3.7b-3. 
 
 
3.7b.3  SEISMIC SUBSYSTEM ANALYSIS 
 
As explained in Subsection 3.7b.2, this section discusses the seismic analysis of subsystems, 
i.e., equipment, piping, Class IE cable trays and supports for Seismic Category I HVAC ducts 
and cable trays. 
 
 
3.7b.3.1  Seismic Analysis Methods  
 
3.7b.3.1.1  Equipment 
 
Seismic qualification of equipment is performed by using one of the following methods:  
 
a) Analysis 
  
b) Dynamic testing 
  
c) Combination of analysis and dynamic testing 
 
 
3.7b.3.1.1.1  Analysis 
 
Seismic qualification of equipment is performed by analysis when the equipment can be 
adequately represented by a model and the analysis can determine its structural and functional 
adequacy.  The analysis can either be an equivalent static analysis or a dynamic analysis. 
 
Equivalent static analysis is described in Subsection 3.7b.3.5. 
 
Dynamic analysis can be classified into three cases according to the relative rigidity of the 
equipment based on the magnitude of the fundamental natural frequency.  Dynamic Analysis 
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refer to Seismic Loads only, a discussion of the Hydrodynamic Load can be found in DBD046, 
Sections 2.2.1.2 and 2.2.1.3. 
 
For structurally simple equipment, which can be represented by one degree of freedom, the 
dynamic load consists of a static load obtained as the equipment mass multiplied by the 
acceleration corresponding to the equipment's natural frequency.  If the fundamental frequency 
is not known, the peak acceleration from the response spectra is taken. 
 
For rigid equipment having a fundamental frequency greater than 33 Hz, the dynamic load 
consists of a static load obtained as the equipment’s mass multiplied by the acceleration 
corresponding to 33Hz. 
 
For structurally complex equipment, which cannot be classified as structurally simple or rigid, 
the equipment is idealized by a mathematical model and dynamic analysis is performed using 
standard analytical procedures.  An alternative method used for verifying structural integrity of 
members physically similar to beams and columns is the static coefficient method.  In this 
method no determination of natural frequency is made.  Dynamic forces are calculated as 
product of the mass and peak acceleration of response spectra multiplied by a static coefficient 
of 1.5.  
 
Equipment damping values used are given in Tables 3.7b-3 and 3.7b-4.   
 
 
3.7b.3.1.1.2  Dynamic Testing 
 
Dynamic testing is performed when analysis is insufficient to determine either the structural or 
functional adequacy of the equipment or both.  Typical test methods used are as follows:   
 

a) Single frequency sine beat test 
  

b) Single frequency dwell test 
  

c) Multifrequency test 
 
All seismic qualification tests subject the equipment to excitation for at least 30 seconds. 
 
 
3.7b.3.1.1.3  Combination of Analysis and Dynamic Testing 
 
Certain equipment is qualified by a combination of analysis and dynamic testing. 
 
 
3.7b.3.1.2  Piping Systems 
 
BP-TOP-1, Rev. 3 (Ref. 3.7b-6) describes the methods used for seismic analysis of piping 
systems found in all Seismic Category I structures, except the Diesel Generator 'E' Building.  
Reference 3.7b-6 is followed on Susquehanna SES with the following exceptions: 
 
In seismic analysis the modal responses are combined by SRSS and lower damping values 
than specified in Reference 3.7b-6 are used.  For snubber elimination or other piping 
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modifications, the combination of modal responses for closely spaced modes shall be in 
accordance with Regulatory Guide 1.92 whenever Regulatory Guide 1.61 or Code Case N-411 
are used. 
 
See Subsection 3.7b.3.7. 
 
AEG-502, Rev. 0 (Ref. 3.7b-14) describes the methods used for seismic analysis of piping 
systems found in the Diesel Generator 'E' Building.   
 
 
3.7b.3.1.3  Class IE Cable Trays 
 
Cable trays are seismically qualified by one of two methods:   
 
A.  Capacity Evaluation Method which consists of the following:   
 

a) Calculation of the fundamental frequency of the cable tray based on the tray 
properties obtained from static tests 

 
b) Seismic load computation based upon the tray frequency, the possible support 

frequencies and the design spectra 
 

c) Calculation of the tray allowable capacity 
 

d) Evaluation of the tray capacity by interaction formulae 
 
B. Static Analysis Method which consists of the following:  
 

a) Determine the maximum tray capacity in the two lateral directions by test 
 

b) Determine the maximum tray longitudinal capacity by analysis 
 

c) Calculate the maximum tray load by the equivalent static load method (discussed 
in Subsection 3.7b.3.5) 

 
d) Evaluation of the tray capacity by interaction formulae 

 
 
3.7b.3.1.4  Supports for Seismic Category I HVAC Ducts 
 
The supports of HVAC ducts are analyzed by the response spectrum method or by the 
equivalent static load method (discussed in Subsection 3.7b.3.5).   
 
 
3.7b.3.1.5  Concrete Block Masonry Structures (Blockwalls) 
 
The dynamic analysis of safety related concrete masonry blockwalls in Class I structures is 
performed by the response spectrum method.  Response spectrum for the lower floor has been 
used for vertical motion and for walls, cantilevered from the floor.  For horizontal motion, the 
acceleration of the lower floor or average of the lower and upper floor, whichever is greater, is 
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used in determining inertia loads.  Frequency calculations for blockwalls supporting class I 
attachments or located in areas of class I equipment are based on either cracked section, 
partially cracked section, or uncracked section properties; whichever represents the condition 
based upon the calculated loads. 
 
Partially cracked section analysis is based on the following AC1 318 (Ref. 10A of Table 3.8-1) 
formula: 
 
Ie = (Mcr/Ma)3 Ig + (1 - (Mcr /Ma)3) Icr 
 
where, 
 
Ie =  effective moment of inertia of cracked Section 
 
Icr =  moment of inertia of cracked Section 
 
Ma =  bending moment applied to the blockwall 
 
Ig =  Gross section moment of inertia (uncracked) 
 
Mcr =  cracking bending moment    =  fr  Ig 

Yt 
 
fr =  modulus of rupture for masonry = 50 psi 
 
  modulus of rupture for concrete = 6 psi'f c  
 
Yt = distance from centroid axis of gross section to the extreme fiber in tension. 
 
For assessing the effects of frequency variations on the responses, the variable items such as 
boundary conditions, mass, modulus of elasticity, cracking moment are considered.  Damping 
values used are in accordance with Table 3.7b-3.  The response of attachments to blockwalls is 
determined as described in Subsection 3.7b.3.1.1.1. 
 
The three components of earthquake motion are combined in accordance with 
Subsection 3.7b.2.6. 
 
 
3.7b.3.1.6  Supports of Seismic Category I Electrical Raceway Systems 
 
This section defines the procedures used for the design of the supports of electrical raceway 
systems, i.e., cable tray, conduit, and wireway gutter systems, subject to the seismic and other 
applicable loads.  The raceway support system usually consists of raceways, horizontal and 
vertical support members and lateral and longitudinal bracing members. 
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3.7b.3.1.6.1  Loading Combinations 
 
The adequacy of raceway systems (except for cable tray supports installed during construction 
of the Diesel Generator 'E' facility) to withstand seismic and other applicable static loads is 
determined according to the loading combinations and allowable responses given below:  
 

 
Equation 

 
Condition 

 
Load Combination 

 
Allowable 
Response 

1 Normal D + L + SRV F - See note 4 

2 Normal/Severe D + L + E See Notes 2 & 4 

  (Equation 2 applies only to connections for fatigue considerations) 

3 Abnormal/Extreme D + E' + SRV + 
LOCA 

See Notes 2, 3, & 
4 

 
 NOTES:    1.   For notations, see Table 3.8-2. 
 
 2.    The following equation is applicable for bending in overhead 

connections: 
 

0.1
N
n

N
n5

SSE

EQ

OBE

EQ  

 
where: 
 

nEQ =  Total number of load/stress cycles per earthquake. 
 

NOBE =  Allowable number of load/stress cycles per OBE event. 
 

NSSE =  Allowable number of load/stress cycles per SSE event. 
 
3. The following criteria are used for checking the members.  In no case shall the allowable 

stress exceed 0.90F in bending, 0.85F in axial tension or compression, and 0.50F in 
shear.  Where the design is governed by requirements of stability (local or lateral 
buckling), the actual stress shall not exceed 1.5F. 

 
4. Allowable shear and normal loads in connections are determined from the 

manufacturers' data or from code allowable stresses whichever is applicable.  The 
allowable values are increased 50% for load combination equation 3. 
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The loading combinations and the allowable stresses for the design of cable tray supports 
installed during construction of the Diesel Generator 'E' facility are as follows: 
 

 
Equation 

 
 Condition Load Combination 

 
Allowable 
Response 

 
1 

 
Normal D + L 

 
F 

 
2 

 
Normal/Severe D + E 

 
F 

 
3 

 
Abnormal/Extreme D + E' 

 
1.6F 

 
The definition of terms D, L, E and E' are as per Table 3.8-2. 

 
 
3.7b.3.1.6.2  Analytical Techniques 
 
One of three methods of analysis is used.  Method 1 is a simplified method of analysis that 
determines the fundamental frequency of braced supports using two dimensional analysis.  
Frequencies are determined in each of three principal directions.  Then loads are determined by 
taking the spectral accelerations multiplied by the mass; and stresses are determined from 
static analysis.  All members and connections are checked using stress criteria. 
 
Method 2 uses a three dimensional computer analysis and includes springs to represent joint 
stiffness.  Response spectrum analyses are done to determine stresses and deformations.  The 
number of stress cycles is determined by multiplying the time of maximum earthquake motion 
by the natural frequency of the system.  The allowable number of cycles is taken from 
Reference 3.7b-8 for the joint rotations calculated.  Only overhead connections are checked for 
fatigue since the test results (ref. 3.7b-8, pg. 7-19) demonstrate that failures occur only in 
overhead connections. 
 
The basis for the design criteria and analysis method 2 is the "Cable Tray and Conduit Raceway 
Test Program" (references 3.7b-7 through 3.7-10). 
 
Method 3 uses the equivalent static load method of analysis (as described in 
Subsection 3.7b.3.5).  In this method, the acceleration response is assumed to be the peak of 
the response spectrum at the damping values described in Subsection 3.7b.3.1.6.3.  Stresses 
are determined from static analysis.  All members and connections are checked using stress 
criteria.   
 
 
3.7b.3.l.6.3  Damping 
 
A maximum damping of 7% of the critical is used for the design of all raceway systems. The test 
program demonstrates that for cable tray systems damping is, in general, much higher than 7%.  
Reference 3.7b-7 recommends using 20% but values up to 50% are reported.  The 
recommended damping values, developed from the test program and based on lower bound 
values, are shown in Figure 3.7B-92.  Damping is amplitude dependent, i.e., it increases with 
increasing amplitude of input motion.  For conduit systems the damping increases with 
increasing amplitude, but is much lower than for cable tray systems.  This 7% is a realistic value 
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for input motion exceeding 0.1g for conduit systems.  Wireway gutters were not tested; 
however, the manner in which they are constructed - with more bolted connections and more 
cables than conduit - provides more damping mechanisms that are present in conduit systems 
so that 7% is a conservatively low damping value. 
 
 
3.7b.3.1.6.4  Operating Basis Earthquake (OBE) 
 
Except for cable tray supports installed during construction of the Diesel Generator 'E' facility, 
the OBE is considered in the load combinations only for the overhead connections which are 
checked for fatigue.  The OBE stresses are not checked during design for two reasons: first, 
raceway systems do not fail in a brittle or catastrophic mode as demonstrated by the test 
program in which such failures did not occur and the electrical systems were able to continue to 
function in all cases.  Thus, there is no need to limit the OBE stresses to the low levels usually 
used to preclude such failures.  Second, the OBE stresses will always be less than the SSE 
stresses as demonstrated below. 
 
In all cases the ZPA values are high enough to use 7% damping based on Figure 3.7B-92 since 
they all exceed 0.1g.  A comparison of response spectra for corresponding damping values 
demonstrates that for all response spectra the OBE acceleration values are less than the 
corresponding SSE acceleration values.  (See References 3.7b-8 and 3.7b-10) Thus, the OBE 
acceleration response and stresses are below the SSE acceleration response and stresses. 
 
 
3.7b.3.2  Determination of Number of Earthquake Cycles 
 
In general, the design of the equipment is not fatigue controlled because the equipment is 
elastic and the number of cycles in an earthquake is low. 
 
Equipment that is qualified by analysis is designed to remain elastic during the earthquake. Any 
fatigue effects in tested equipment are accounted for by performing extended duration test on 
selected specimens.  Consequently, the number of cycles of the earthquake has been 
accounted for. 
 
In order to conduct a fatigue evaluation for nuclear Class I piping, the number of cycles for a 
given load set is obtained.  This is done by considering ten maximum stress cycles per 
earthquake and five OBE's and one SSE to occur within the life of the plant. 
 
 
3.7b.3.3  Procedure Used for Modeling 
 
The models are developed to represent the equipment.  Two or three dimensional models are 
used depending on the complexity of the equipment.  The boundary conditions are modeled to 
reflect the in-plant mounting conditions.  The equipment is represented by lumped mass 
models.  Massless elastic members are used to connect the masses. 
 
Supports for HVAC ducts are modeled as two or three dimensional (depending upon support 
complexity), lumped mass models.  The masses are lumped at the center or at the corners of 
the ducts.  The cable tray support analytical techniques are discussed in Subsection 
3.7b.3.1.6.2.   
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Sections 2.0 and 3.0 of Reference 3.7b-6 discuss the techniques and procedures used to model 
piping other than the buried type. 
 
 
3.7b.3.4  Basis for Selection of Frequencies 
 
The natural frequencies of components are calculated.  If the natural frequency of the 
component falls within the broadened peak of the response spectrum curve, then it is designed 
to withstand the peak acceleration. 
 
 
3.7b.3.5  Use of Equivalent Static Load Method of Analysis 
 
The equivalent static load method of analysis is used when the natural frequency of the 
equipment is not determined.  If the equipment can be adequately represented by a single 
degree of freedom system, then the applied inertia load is equal to the mass of the equipment 
multiplied by the peak value of the response spectrum curve.  If the equipment requires more 
than one degree of freedom for an adequate representation, then a factor of 1.5 is applied to the 
peak of the response spectrum curve. 
 
Section 2.3.2 and Appendix D of Reference 3.7b-6 discuss the use of equivalent static load 
method of analysis as applicable to piping. 
 
 
3.7b.3.6  Three Components of Earthquake Motion 
 
For equipment, raceway, and HVAC duct supports, the three spatial components of the 
earthquake are combined by one of the following methods:   
 
a. Absolute Sum 
 

Independent analyses are done for the vertical and two horizontal (east-west and 
north-south) directions.  For design purposes, the response value used is the maximum 
value obtained by adding the response due to vertical earthquake with the larger value 
of the response due to one of the horizontal earthquakes by the absolute sum method.  

 
b. Square Root of the Sum of the Squares 
 

Stress levels produced by the three individual accelerations (caused by the three spatial 
components of the earthquake) are combined by the square root of the sum of the 
squares method.   

 
The criteria used for combining the results of horizontal and vertical seismic responses for 
piping systems are described in Section 5.1 of Reference 3.7b-6. 
 
 
3.7b.3.7  Combination of Modal Responses 
 
The modal responses of equipment (except the equipment in the Diesel Generator 'E' Building) 
are combined by the square root of the sum of the squares method.  The absolute values of two 
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closely spaced modes are added first before combining with the other modes by the square root 
of the sum of the squares method.  Two consecutive modes are defined as closely spaced 
when their frequencies differ from each other by 10 percent or less.  For equipment located in 
the Diesel Generator 'E' Building, the modal responses are combined using the criteria 
presented in Regulatory Guide 1.92, Rev. 1.   
 
Procedures given in Regulatory Guide 1.92 for combining modal responses, when 
closely-spaced modes are present, are not complied with in the seismic response spectra 
analysis for piping, except for piping within the Diesel Generator 'E' Building and as noted 
below.  All modal responses are combined by square root of sum of squares (SRSS) in the 
response spectra method of modal analysis for seismic loading (OBE and SSE).  Seismic 
response spectra used in the piping analysis corresponds to conservative damping values of 
1/2% for OBE and 1% for SSE.  For snubber elimination or other piping modifications, 
Regulatory Guide 1.92 is complied with in the seismic response spectra analysis of piping 
components for combining modal responses of closely spaced modes whenever Regulatory 
Guide 1.61 or Code Case N-411 damping values are used.  The damping values used for the 
Diesel Generator 'E' facility are shown in Table 3.7b-4. 
 
The procedures used in evaluating the piping system for hydrodynamic loads (SRV and LOCA) 
by response spectra method is in compliance with Regulatory Guide 1.92.  The modal 
responses in this case are combined in accordance with section 5.2 of BP-TOP-1, Rev. 3, which 
has been accepted by the NRC staff, per the letter dated September 29, 1976, from Karl Kniel, 
Chief Light Water Reactors Branch No. 2, Division of Project Management to Burton L. Lex, 
Bechtel Power Corporation. 
 
The criteria used for piping systems are described in Sections 5.1 and 5.2 of Reference 3.7b-6 
 
 
3.7b.3.8  Analytical Procedures for Piping 
 
The design criteria and the analytical procedures applicable to piping systems are as described 
in Section 2.0 of Reference 3.7b-6.  The methods used to consider differential piping support 
movements at different support points are as described in Section 4.0 of Reference 3.7b-6. 
 
 
3.7b.3.9  Multiple Supported Equipment and Components with Distinct Inputs 
 
For cable trays and ducts whose supports have two distinct inputs, a response spectrum curve 
(or maximum acceleration) is used that envelops the curves (or accelerations) at the two 
locations.  Section 4.0 of Reference 3.7b-6 discusses the methods used for the analysis of 
multiple supported piping systems.  
 
 
3.7b.3.10  Use of Constant Vertical Static Factors 
 
Constant vertical static factors are not used in the seismic design of subsystems. 
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3.7b.3.11  Torsional Effects of Eccentric Masses 
 
The torsional effects of valves and other eccentric masses are considered in the seismic 
analysis of piping by the techniques discussed in Section 3.2 of Reference 3.7b-6. 
 
 
3.7b.3.12  Buried Seismic Category I Piping Systems and  Tunnels 
 
Buried Seismic Category I piping has been analyzed and designed for seismic effects in 
accordance with Section 6.0 of Reference 3.7b-3, and Reference 3.7b-13 for the Diesel 
Generator 'E' facility.   
 
The majority of the anticipated settlement due to static loading of the ESSW Pumphouse will 
have occurred prior to connecting the piping to the building.  During a SSE event, the differential 
settlement between the pumphouse and the surrounding soil which supports the piping, will be 
less than one inch (see Subsection 2.5.4.7 for further discussion of settlements).  This 
movement will be accommodated by the piping without exceeding code allowable stresses.  
 
Tunnels on the Susquehanna SES are non-Seismic Category I. 
 
 
3.7b.3.13  Interaction of other Piping with Seismic Category I Piping 
 
The techniques used to consider the interaction of Seismic Category I piping with non-Seismic 
Category I piping are in Section 3.4 of Reference 3.7b-6.  All piping in the Diesel Generator 'E' 
Building was analyzed to Seismic Category I requirements.   
 
 
3.7b.3.14  Seismic Analysis for Reactor Internals 
 
This subsection is covered under Subsection 3.7a.3.14. 
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3.7b.3.15  Analysis Procedure for Damping 
 
In general, a single damping value, as shown in Table 3.7b-3, is used for the analysis of 
Seismic Category I subsystems.  The critical damping value related to electrical raceway system 
is discussed in Subsection 3.7b.3.l.6.3.  
 
For a structural system, located in the Diesel Generator 'E' Building and consisting of various 
components having different damping materials, composite modal damping is computed in 
accordance with Sheet 3.7.2.11, equation (4) of the Standard Review Plan. 
 
 
3.7b.4  SEISMIC INSTRUMENTATION 
 
3.7b.4.1 Comparison with NRC Regulatory Guide 1.12, Rev 1. 
 
Unit 1 and Unit 2 containments are assumed to respond identically to a given earthquake. This 
is considered to be a reasonable assumption, since both are identically designed and built and 
founded on rock.  For this reason, instrumentation redundancy between units was not 
employed; identical seismic instrumentation was not, in general, installed in both units. 
Foundation interaction was assumed to be negligible due to the high stiffness of the rock. 
 
Equipment required by Regulatory Guide 1.12 for a Safe Shutdown Earthquake maximum 
ground acceleration of less than 0.3g was implemented.  The characteristics of the seismic 
instrumentation specified for Susquehanna exceed the range, frequency and other performance 
requirements of Regulatory Guide 1.12.  The equipment is shown on Dwg M-157, Sh. 2. 
 
 
3.7b.4.1.1  Triaxial Time - History Accelerographs 
 
Required: 1) one at the containment foundation 
 2) one on the containment structure 
 
Actual: 1) Unit 1 containment foundation 
 2) Unit 1 containment structure, 74 feet directly above item 1). 
 3) Unit 2 containment foundation 
 4) ESSW pumphouse floor 
 5) Unit 1 reactor* boiler equipment 
 6) Unit 1 reactor building floor, near RHR pumps 
 7) Free field, near the Security Control Center.  This unit is a combination, 

self-contained sensor-trigger-recorder.  It is included even though not 
required by Regulatory Guide 1.12. 

 8) Standalone free field, near Secondary Alarm Station.  This unit is a 
combination, self-contained sensor-trigger-recorder.  It is included even 
though not required by Regulatory Guide 1.12. 
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3.7b.4.1.2  Triaxial Seismic Switches 
 
Required: 1) Containment foundation 
 
Actual: 1) Unit 1 containment foundation 
 2) Unit 2 containment foundation 

3) ESSW pumphouse floor 
 
 
3.7b.4.1.3  Triaxial Response Recorders 
 
Required: 1) Containment foundation, with immediate control room indication 

2) Nuclear boiler equipment or piping supports 
3) Seismic Category I equipment supports or piping support outside the 

containment. 
4) The foundation of a Seismic Category I structure where the response is 

different from that of the containment structure. 
 
Actual: 1) Unit 1 containment foundation, with immediate control room indication. 

2) Unit 1 reactor* equipment. 
3) Floor mounting, near Unit 1 RHR pumps. 
4) ESSW pumphouse floor, with immediate control room indication. 
5) Unit 1 containment structure. 
6) Unit 2 containment foundation, with immediate control room indication. 

 
 
3.7b.4.2  Description of Instrumentation 
 
The seismic instrumentation consists of tri-axial acceleration sensors, time history recorders, 
alarm module, and a computer for performing an automatic frequency domain comparison to 
OBE and SSE design limits.  Each sensor is continuously monitored and a common trigger to 
activate recording for all sensors is activated if the signal from at least two trigger sensors 
exceeds a threshold concurrently for any axis. 
 
The requirement that two trigger sensors exceed a threshold concurrently provides the system 
with the capability to distinguish a seismic event from a non seismic, local event.   
 
The recorders are configured to capture pre-trigger and a post-trigger data to ensure the event 
is captured in its entirety.  Data is recorded on non-volatile memory, which can store data from 
numerous trigger events.  Upon completion of recording, the computer software downloads data 
from the recorders associated with locations used for OBE and SSE comparison and performs 
automatic analysis of this data (download and analysis typically completed within 5 minutes).  If 

                                            
     * The actual location of this instrument is on the outside of the biological shield wall.  It is 

located in the optimum location for measuring the input motion experienced by the reactor 
pressure vessel after properly taking into account accessibility for servicing, and 
functionality due to radiation levels. 
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the analysis determines the event is possibly seismic in nature an automatic comparison to OBE 
and SSE limits it performed and the results are indicated to the operator.  The system performs 
self-diagnostics including computer failure monitoring which if not completed successfully will 
activate the fail safe trouble annunciator.  Sound the seismic monitoring system external power 
be lost, an uninterrunptable power supply is included which will run the system for greater than 
25 minutes required by Regulatory Guide 1.12. 
 
 
3.7b.4.3  Control Room Operator Notification 
 
Activation of the common trigger for recording of all sensor locations is annunciated at the 
control room (OC653 panel) and also at the Seismic Warning Panel (OC696).  Activation of the 
system trouble condition is annunciated at the control room (OC653 panel) and also at the 
Seismic Warning Panel (OC696)  OBE or SSE exceeded is indicated at the Seismic Warning 
Panel (OC696) only. 
 
 
3.7b.4.4  Comparison of Measured and Predicted Responses 
 
The operator is provided with a procedure and predicted response curves, by which action to 
continue operation or shut down may be decided.  The plant will be shut down following an 
earthquake if the vibratory ground motion exceeds that of the OBE.  Operation will not resume 
until it has been determined through detailed inspections and analyses that no damage has 
been sustained. 
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3.8  DESIGN OF CATEGORY I STRUCTURES 
 
 
3.8.1  CONCRETE CONTAINMENT 
 
The Susquehanna primary containments Units 1 and 2 are boiling water reactor, Mark II 
(over/under) types. 
 
3.8.1.1  Description of the Containment 
 
3.8.1.1.1  General 
 
The primary containment is an enclosure for the reactor vessel, the reactor coolant recirculation 
loops, and other branch  connections of the reactor coolant system.  Essential elements of the 
primary containment are the drywell, the pressure suppression chamber that stores a large volume 
of water, the drywell floor that separates the drywell and the suppression chamber, the connecting 
vent pipe system between the drywell and the suppression chamber, isolation valves, the vacuum 
relief system, and the containment cooling systems and other service equipment. 
 
The primary containment (as shown in Dwgs. C-331, Sh. 1, C-371, Sh. 2, C-1932, Sh. 3, C-1932, 
Sh. 4, and C-1932, Sh. 5) is in the form of a truncated cone over a cylindrical section, with the 
drywell in the upper conical section and the suppression chamber in the lower cylindrical section.  
These two sections comprise a structurally integrated reinforced concrete pressure vessel, lined 
with welded steel plate and provided with a steel domed head for closure at the top of the drywell.  
Connection of the drywell head to the top of the drywell wall is shown on Figure 3.8-9.  The drywell 
floor is a reinforced concrete slab structurally connected to the containment wall as shown on 
Dwg. C-284, Sh. 1. 
 
The primary containment is structurally separated from the surrounding reactor building except at 
the base foundation slabs where a cold joint between the two adjoining foundation slabs is 
provided. 
 
 
3.8.1.1.1.1  Dimensions 
 
The dimensions of the primary containment are as follows: 
 

a) Inside Diameter 
 

1) Suppression chamber - 88 ft. 0 in. 

2) Base of drywell - 86 ft. 3 in. 

3) Top of drywell - 36 ft. 4 1/2 in.  
 

b) Height 
 

1) Suppression chamber - 52 ft. 6 in. 

2) Drywell - 87 ft. 9 in. 
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c) Thickness 
 

1) Base foundation slab - 7 ft. 9 in. 

2) Containment wall - 6 ft. 0 in. 
 
 
3.8.1.1.2  Base Foundation Slab 
 
The containment base foundation slab is a 7 ft. 9 in. thick reinforced concrete mat.  The top of the 
base foundation slab is lined with a carbon steel liner plate. 
 
 
3.8.1.1.2.1  Reinforcement 
 
The base foundation slab is reinforced with #18, Grade 60 rebar at top and bottom faces. The 
average rebar spacing is 18 in.  Shear reinforcement consists of #8 and #9 vertical and inclined 
ties.  Mechanical ("Cadweld") splices are used for splicing all main reinforcing bars.  Dwg. C-332, 
Sh. 1 and C-333, Sh. 1 shows plan and section views of reinforcement. 
 
 
3.8.1.1.2.2  Liner Plate and Anchorages 
 
The steel liner plate is 1/4 in. thick and is anchored to the concrete slab by structural steel beams 
embedded in the concrete and welded to the plate.  See Dwg.  C-281, Sh. 1 for details of the liner 
plate and anchorages.  All liner plate weld seams less than l/2 inch thick are provided with a leak 
chase system. 
 
 
3.8.1.1.2.3  Pedestal and Suppression Chamber Column Base Liner Anchorages 
 
Dwgs. C-281, Sh. 1 and C-370, Sh. 1 show the base foundation slab liner anchorages for the 
reactor pedestal and the suppression chamber columns, respectively.  For the pedestal anchorage, 
B-series "Cadweld" sleeves are welded to the top and bottom surfaces of the thickened base liner 
to permit anchorage of the pedestal vertical rebar into the base foundation slab.  Metal studs are 
welded to the top and bottom surfaces of the thickened base liner in order to transfer radial and 
tangential shear forces from the pedestal to the base foundation slab.  For the suppression 
chamber column anchorage, pipe caps are welded to the thickened base liner, where the column 
anchor bolts penetrate the base liner, to ensure the leak-tight integrity of the base liner. 
 
 
3.8.1.1.3  Containment Wall 
 
The containment wall is a 6 ft. 0 in. thick reinforced concrete wall.  The inside surface of the 
containment wall is lined with a carbon steel liner plate. 
 
 
 
 
 



SSES-FSAR 
Text Rev. 56 
 
 

FSAR Rev. 65 3.8-3 

3.8.1.1.3.1  Reinforcement 
 
The containment wall is reinforced with #18, Grade 60 rebar at inner and outer faces.  The inner 
rebar curtain consists of two meridional layers and one hoop layer.  The outer rebar curtain 
consists of one meridional layer, two hoop layers and two helical layers.  Shear reinforcement 
consists of #6 horizontal and inclined ties.  Mechanical ("Cadweld") splices are used for splicing all 
main reinforcing bars.  Dwgs. C-334, Sh. 1, C-335, Sh. 1, C-336, Sh. 1, C-337, Sh. 1, C-338, Sh. 1, 
C-351, Sh. 1, C-352, Sh. 1, C-353, Sh. 1, C-354, Sh. 1, C-355, Sh. 1, C-356, Sh. 1, C-357, Sh. 1, 
C-358, Sh. 1, C-359, Sh. 1, C-360, Sh.1, C-393, Sh. 1, C-394, Sh. 1, C-395, Sh. 1, C-396, Sh. 1, 
C-397, Sh. 1, C-398, Sh. 1, C-399, Sh. 1, and C-400, Sh. 1 show section and developed elevation 
views of suppression chamber and drywell wall reinforcement, respectively. 
 
 
3.8.1.1.3.2  Liner Plate and Anchorages 
 
The steel liner plate is 1/4 in. thick and is anchored to the concrete wall by structural tee vertical 
stiffeners spaced horizontally every 2 ft.  Horizontal plate stiffeners and horizontal structural 
channels spaced vertically every 5 ft. provide additional stiffening.  See Dwgs. C-282, Sh. 1, and 
C-285, Sh. 1 for details of the liner plate and anchorages. 
 
Around the containment liner plate penetrations, the liner is reinforced in accordance with ASME 
Boiler and Pressure Vessel Code, Section III, 1971 Edition.  See Subsection 3.8.1.1.3.3 for a 
further description of penetrations. 
 
Loads from internal containment attachments such as beam seats and pipe restraints are 
transferred directly into the containment concrete wall.  This is accomplished by thickening the liner 
plate and attaching to it structural weldments to transfer to the concrete any type of load without 
relying on the liner plate or its anchorages.  Where internal containment attachment loads are 
large, the structural weldments penetrate the liner plate rather than being welded to opposite sides 
of the liner plate.  This was done to eliminate the possibility of lamellar tearing.  Where internal 
containment attachment loads are small, e.g., pipe hangers, HVAC duct supports, electrical 
raceway supports, etc., the load is transferred by means of the liner plate into the anchorages 
which are embedded in the containment concrete.  No additional structural weldments are provided 
for these small attachments, since the liner plate and anchorages are capable of supporting such 
loads.  See Subsection 3.8.1.1.3.4 for a further description of internal containment attachments. 
 
 
3.8.1.1.3.3  Penetrations 
 
General 
 
Services and communications between the inside and outside of the containment are performed 
through penetrations.  Basic penetration types include the drywell head, access hatches 
(equipment hatches, personnel lock, suppression chamber access hatches, CRD removal hatch), 
pipe penetrations, and electrical penetrations.  Penetrations consist of a pipe with a plate flange 
welded to it.  The plate flange is embedded in the concrete wall and provides an anchorage for the 
penetration to resist normal operating and accident pipe reaction loads.  The pipe is also welded to 
the containment liner plate to provide a leak-tight penetration. 
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Meridional and hoop reinforcement are bent around typical penetrations as shown on 
Dwgs. C-288, Sh. 1, C-287, Sh. 1, C-283, Sh. 1, and Figures 3.8-20-1 and 3.8-20-2.  Additional 
local reinforcement in the hoop and diagonal directions is added at all large penetrations as shown 
on Dwgs. C-288, Sh. 1, C-287, Sh. 1, C-283, Sh. 1, and Figures 3.8-20-1 and 3.8-20-2.  Local 
thickening of the containment wall at penetrations is generally not required.  See 
Subsection 3.8.2.1.5 for a further description of penetrations. 
 
Pipe Penetrations 
 
Details of typical pipe penetrations are shown on Dwgs. C-288, Sh. 1, C-287, Sh. 1, and C-283, 
Sh. 1.  There are two basic types of pipe penetrations.  For piping systems containing high 
temperature steam or water, a sleeved penetration is furnished, thereby providing an air gap 
between the containment concrete wall and the hot pipe.  This air gap is large enough to maintain 
the concrete temperature in the area of the penetration below 200°F.  A flued head outside the 
containment connects the process pipe to the pipe sleeve.  For piping systems containing low 
temperature water, an unsleeved penetration is furnished.  For this type of penetration, the process 
pipe is welded directly to the pipe penetration. 
 
Electrical Penetrations 
 
Figure 3.8-20-1 and 3.8-20-2 shows a typical electrical penetration assembly used to extend 
electrical conductors through the containment.  The assembly is sized to be inserted in the 12 in., 
Schedule 80 penetration nozzles that are furnished as part of the containment.  The penetrations 
are hermetically sealed and provide for leak testing at design pressure. 
 
Equipment Hatches and Personnel Lock 
 
Two 12 ft. 2 in. I.D. equipment hatches are furnished in the drywell wall.  One of these equipment 
hatches includes an 8 ft. 7 in. I.D. personnel lock.  Dwg. C-351, Sh. 1, C-352, Sh. 1, C-353, Sh. 1, 
C-354, Sh. 1, C-355, Sh. 1, C-356, Sh. 1, C-357, Sh. 1, C-358, Sh. 1, C-359, Sh. 1, C-360, Sh. 1, 
C-393, Sh. 1, C-394, Sh. 1, C-395, Sh. 1, C-396, Sh. 1, C-397, Sh. 1, C-398, Sh. 1, C-399, Sh. 1, 
and C-400, Sh. 1 shows details of reinforcement around the equipment hatches.  Additional 
meridional, hoop, helical, and shear reinforcement is provided to account for local stress 
concentrations at the opening.  The shell is thickened at the equipment hatches to accommodate 
the additional rebars. 
 
Drywell Head Assembly 
 
The drywell head lower flange assembly is anchored to the top of the drywell wall by one-third 
(108) of the total number of meridional reinforcing bars in the inner curtain as shown on 
Figure 3.8-9.  
 
Suppression Chamber Access Hatches 
 
Two 6 ft. 0 in. I.D. access hatches are furnished in the suppression chamber wall.  Figure 3.8-15-2 
shows a detail of reinforcement around the suppression chamber access hatches.  Additional local 
reinforcement in the meridional, hoop, and diagonal directions is added as shown on Dwg. C-335, 
Sh. 1. 
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3.8.1.1.3.4  Internal Containment Attachments 
 
Drywell Floor Embedments 
The drywell floor is attached to the containment wall by a structural weldment at the junction of the 
two structural components shown on Dwg. C-284, Sh. 1.  Radial force and bending moment 
carried by the drywell floor main reinforcement is transferred to the containment wall by cadwelding 
the drywell floor rebar to the top and bottom flanges of the structural weldment.  The top and 
bottom flanges of the structural weldment penetrate the thickened containment liner plate and are 
embedded deeply into the containment concrete wall.  Flexural shear in the drywell floor is 
transferred to the containment wall through the web of the structural weldment, which is welded to 
opposite sides of the containment liner plate. 
 
 
Beam Seat Embedments 
 
Beam seats are provided to support the drywell platforms.  A typical beam seat embedment is 
shown on Dwg. C-286, Sh. 1. 
 
Pipe Restraint Embedments 
 
Pipe restraints are provided to prevent pipe whip for all high energy piping systems.  Typical pipe 
restraint embedments are shown on Dwg. C-291, Sh. 1. 
 
Seismic Truss Embedments 
 
The seismic truss provides lateral support for the reactor vessel.  A typical seismic truss 
embedment in the drywell wall is shown on Dwg. C-286, Sh. 1. 
 
Snubber Embedments 
 
Snubbers dampen the vibratory motion of piping systems due to seismic or any other dynamic 
loading.  A typical snubber embedment in the drywell wall is shown on Dwg. C-278, Sh. 1. 
 
 
3.8.1.1.3.5  External Containment Attachments 
 
There are no major external structural attachments.  A 2 in. wide separation gap is provided 
between the containment and the surrounding reactor building to prevent interaction of the two 
structures.  The only place where the containment is in contact with the reactor building is at the 
base foundation slabs where a cold joint between the two adjoining foundation slabs is provided. 
 
 
3.8.1.1.3.6  Steel Components Not Backed by Structural Concrete 
 
A description of steel portions of the containment that are not backed by concrete, such as the 
drywell head, equipment hatches, personnel lock, suppression chamber access hatches, CRD 
removal hatch, and piping and electrical penetrations, is given in Subsection 3.8.2. 
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3.8.1.2  Applicable Codes, Standards, and Specifications 
 
The codes, standards, and specifications used in the design and construction of the containment 
are listed in Table 3.8-1 and given a reference number. 
The reference numbers for the concrete containment are 10A, 12A, 1C, 2C, 3C, 6C and 2K. 
 
The reference numbers for the liner plate and anchorages are 4C, 1H, 1J and 1K. 
 
 
3.8.1.3  Loads and Loading Combinations 
 
3.8.1.3.1  General 
 
Table 3.8-2 lists the loading combinations used for the design and analysis of the containment.  
The loading combinations are in compliance with those given in Reference 12A of Table 3.8-1.  
The loading combinations shown in Table 3.8-2 do not include the hydrodynamic loads. 
 
The containment has also been analyzed and designed for hydrodynamic loads from main steam 
safety/relief valve discharge and LOCA.  For a definition of these loads and loading combinations 
including hydrodynamic loads, refer to GE’s "Mark II Containment Dynamic Forcing Functions 
Information Report" (NEDO-21061), and the "Susquehanna Plant Design Assessment Report.” 
 
 
3.8.1.3.2  Description of Loads 
 
Normal Loads:  Those loads operation and shutdown, including dead loads, live loads, thermal 
loads due to operating temperature, and other permanent loads contributing stress such 
encountered during normal plant as hydrostatic loads.  Dead and live loads are described in 
Subsection 3.8.1.3.2.1 and 3.8.l.3.2.2, respectively. 
 
Severe Environmental Loads:  Those loads sustained during severe environmental conditions, 
including those induced by the operating basis earthquake (OBE) and the design basis wind.  
Loads due to OBE are discussed in Section 3.7 and Subsection 3.8.1.3.2.6.  Wind loads are 
discussed in Section 3.3. 
 
Extreme Environmental Loads:  Those loads sustained during extreme environmental conditions, 
including those induced by the safe shutdown earthquake (SSE) and the design basis tornado.  
Loads due to SSE are discussed in Section 3.7 and Subsection 3.8.1.3.2.6.  Tornado loads are 
discussed in Section 3.3. 
 
Abnormal Loads:  Those loads sustained during abnormal plant conditions.  Such abnormal plant 
conditions include the postulated rupture of high-energy piping.  Loads induced by such an 
accident include elevated temperatures and pressures within or across compartments, and jet 
impingement and impact forces associated with such ruptures.  Loads due to postulated rupture of 
piping are discussed in Section 3.6. 
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3.8.1.3.2.1  Dead Load 
 
Dead load includes the weight of the structure plus any other permanent loads contributing stress, 
such as hydrostatic loads. 
 
 
3.8.1.3.2.2  Live Load 
Live load includes those loads expected to be present when the plant is operating, such as 
movable equipment, piping, cables, and lateral earth pressure. 
 
 
3.8.1.3.2.3  Design Basis Accident Pressure Load 
 
The design basis accident (DBA) is defined as a loss of coolant accident (LOCA) that produces the 
largest containment pressure.  Transients resulting from the design basis accident are presented in 
Subsection 6.2.1 and serve as the basis for the containment internal design pressure of 53 psig. 
 
 
3.8.1.3.2.4  Thermal Loads 
 
The temperature gradients through the containment wall are shown on Figure 3.8-24 for the 
operating and the postulated design accident conditions.  The design accident temperature 
gradient shown on Figure 3.8-24 occurs five minutes after LOCA.  This transient temperature 
gradient is used for the design of the containment since it produces the largest stresses in the 
structure. 
 
Thermal effects anticipated at the time of the structural acceptance test are insignificant because 
changes in temperature inside and outside the containment during the Unit 1 structural acceptance 
test were small.  Therefore, thermal effects at the time of the structural acceptance test are 
insignificant. 
 
 
3.8.1.3.2.5  Wind and Tornado Loads 
 
Tornado depressurization load has an insignificant effect on the containment since the pressure 
value is much less than the DBA LOCA pressure.  See Section 3.3 for a description of wind and 
tornado loads. 
 
 
3.8.1.3.2.6  Seismic Loads 
 
a) Loads from the Operating Basis Earthquake result from ground surface horizontal 

acceleration of 0.05 g, and vertical ground surface acceleration of 0.033 g, acting 
simultaneously. 

 
b) Loads from the Safe Shutdown Earthquake result from ground surface horizontal 

acceleration of 0.10 g, and vertical ground surface acceleration of 0.067 g, acting 
simultaneously. 
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3.8.1.3.2.7  External Pressure Load 
 
The containment shell is designed to withstand an external pressure of 5 psi differential. 
 
 
3.8.1.3.2.8  Missile and Pipe Rupture Loads 
 
The containment wall is designed to withstand the missile and pipe rupture loads due to a 
postulated rupture of a 26 in. diameter main steam pipe, which produces the largest loads on the 
containment wall.  These loads include the effects of jet impingement, pipe whip, and pipe reaction.  
An equivalent static load of 1000 kips is considered.  This load includes an appropriate dynamic 
load factor to account for the dynamic nature of the load.  See Section 3.6 for a further discussion 
of postulated pipe rupture loads. 
 
 
3.8.1.4  Design and Analysis Procedures 
 
3.8.1.4.1  General 
 
This subsection describes the procedures used for the design and analysis of the containment.  
The description does not include the effects of hydrodynamic loads from main steam safety/relief 
valve discharge and LOCA.  For a description of the design and analysis procedures that consider 
the effects of hydrodynamic loads refer to GE's "Mark II Containment Dynamic Forcing Functions 
Report" (NEDO-21061) and the "Susquehanna Plant Design Assessment Report.” 
 
The analysis procedure consists of two parts.  First, the uncracked forces, moments, and shears 
for both axisymmetric and non-axisymmetric loads are determined.  Axisymmetric loads are dead 
load, live load, design accident pressure load, vertical seismic load, and operating and design 
accident thermal loads.  Non-axisymmetric loads are horizontal seismic load and localized missile 
and pipe rupture load.  The second part consists of taking into account the expected cracking of 
the concrete and determining the concrete and reinforcing steel stresses and strains.  The liner 
plate is not considered to be a load resisting element for the containment wall or the base 
foundation slab. 
 
The 3D/SAP computer program (Appendix 3.8A) is used to determine the uncracked forces, 
moments, and shears due to axisymmetric loads.  The operating and design accident temperature 
gradients are computed using ME 620 computer program (Appendix 3.8A).  For transient loads 
such as design accident pressure and thermal loads, the most critical combination of these loads is 
considered. 
 
The forces, moments, and shears in the uncracked structure due to seismic loads are determined 
per Bechtel Topical Report BC-TOP-4-A (Ref. 2K of Table 3.8-1).  The effect of variations in the 
values of structural and foundation parameters on the modal frequencies is considered.  See 
Section 3.7 for a description of the containment seismic analysis.  The 3D/SAP program is used to 
analyze the containment for non-axisymmetric loads due to missile and postulated pipe rupture. 
 
The CECAP computer program (Appendix 3.8A) is used to determine the extent of concrete 
cracking and the concrete and rebar stresses and strains.  The input data for the CECAP program 
consists of the uncracked forces, moments, and shears calculated by the 3D/SAP and seismic 
analysis programs.  The CECAP program models a single element of unit height, unit width, and 
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depth equal to the thickness of the wall or slab.  The program assumes isotropic, linear elastic 
material properties and uses an iterative technique to obtain stresses considering their 
redistribution due to cracking.  The program determines the redistribution of thermal stresses due 
to the relieving effect of concrete cracking. 
 
 
3.8.1.4.2  Containment Wall 
 
Figure 3.8-25 shows the 3D/SAP finite element model used to analyze the containment wall for 
axisymmetric loads.  A 10 degree wedge of the containment is modeled using solid finite elements 
having linear elastic, isotropic material properties.  The model includes the containment wall, base 
foundation slab, drywell floor, reactor pedestal and the foundation material.  Boundary conditions 
are imposed on the analytical model by specifying nodal point forces or displacements.  Referring 
to Figure 3.8-25, the nodal points lying along Boundary A are allowed to move within the X-Z plane, 
and Boundary B within the X-Y plane.  Points along Boundary C are prevented from moving in the 
radial direction and points along Boundary D are prevented from moving in the hoop direction.  
Nodal forces, moments, and shears are applied to Boundaries E and F to account for reaction 
loads from the drywell head and reactor vessel and reactor shield wall, respectively. 
 
Figure 3.8-26 shows the 3D/SAP finite element model used to analyze the drywell wall for 
non-axisymmetric missile and pipe rupture loads.  A 180 degree half model of the drywell wall 
consisting of linear elastic, isotropic, solid finite elements is used.  Referring to Figure 3.8-26, the 
nodal points lying along Boundary A are allowed to move within the X-Z plane.  Points along 
Boundary B are prevented from moving in the vertical and radial directions.  Nodal forces, 
moments, and shears are applied to Boundary C to account for reaction loads from the drywell 
head. 
 
Tangential shears caused by seismic loads are totally resisted by helical reinforcing bars and 
concrete.  No tangential shear is taken by the concrete.  The tangential shear is considered as 
diagonal tension and compression components.  The helical reinforcing bars resist diagonal 
tension and the concrete resists diagonal compression.  In calculating the reinforcing steel 
requirement, the helical reinforcement is designed to resist stresses due to design accident 
pressure and thermal loads as well as tangential shears caused by seismic loads. 
 
 
3.8.1.4.3  Base Foundation Slab 
 
Figure 3.8-27 shows the 3D/SAP finite element model used to analyze the base foundation slab.  A 
180 degree half model of the base foundation slab consisting of linear elastic, isotropic, solid finite 
elements is used.  The model includes the base foundation slab, a portion of the containment wall 
and the foundation material.  Referring to Figure 3.8-27, the nodal points lying along Boundary A 
are allowed to move within the X-Z plane, and Boundary B within the X-Y plane.  Points along 
Boundary C are prevented from moving in the radial direction.  Axisymmetric forces, moments, and 
shears calculated using the 3D/SAP containment model and seismically-induced, tangential shears 
are applied to Boundary D.  The height of the model is chosen so that the overturning moment 
caused by the tangential shear is the same as the overturning moment determined by the seismic 
analysis.  In order to be able to consider uplifting of the base foundation slab from its foundation, a 
thin layer of foundation material is provided immediately beneath the foundation slab.  If the 
computer output indicates tension in any of these thin foundation elements, the modulus of 
elasticity of these elements is reduced to almost zero.  Then a second computer run is made and 
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any additional uplift is identified.  Further iterations and modifications of foundation material 
properties are made until the complete extent of uplift is determined.  Uplift does not result in 
overstressing the containment foundation. 
 
 
3.8.1.4.4  Analysis of Areas Around Equipment Hatches 
Figure 3.8-28 shows the 3D/SAP finite element model used to analyze the areas of the 
containment wall around the equipment hatches.  A 60 degree wedge of the containment wall is 
modeled using solid finite elements having linear elastic, isotropic material properties.  To reduce 
the size of the analytical model, Boundary A follows the vertical plane of symmetry of the 
equipment hatch.  The points delineating the outermost boundaries of the model are located at a 
sufficient distance from the opening so that the behavior of the model along the boundaries is 
compatible with that of the undisturbed shell.  Referring to Figure 3.8-28, the nodal points lying 
along Boundary A are allowed to move within the X-Z plane, and Boundary B within the X-Y plane.  
Points along Boundary C are prevented from moving in the hoop direction.  Axisymmetric forces, 
moments, and shears calculated using the 3D/SAP containment model are applied to Boundary D.  
Seismic loads calculated by the seismic analysis are applied locally to the elements. Seismically 
induced, tangential shears around the equipment hatches are resisted by helical reinforcing bars 
and concrete in compression. 
 
 
3.8.1.4.5  Liner Plate and Anchorages 
 
The design and analysis of the liner plate and anchorages is per Bechtel Topical Report BC-TOP-1 
(Ref. 1K of Table 3.8-1).  The analysis of the liner plate and anchorages for small attachment loads 
is done using membrane theory for the liner plate and the theory of beams on elastic foundations 
for the anchorages. 
 
 
3.8.1.5  Structural Acceptance Criteria 
 
3.8.1.5.1  Reinforced Concrete 
 
3.8.1.5.1.1  Working Stress 
 
The preoperational testing condition listed in Table 3.8-2 is designed according to the stress 
limitations of ACI 318, Section 8.10 except that the maximum permissible tensile stress for 
reinforcement shall be 0.5 Fy.  This criterion conforms to Reference 12A of Table 3.8-1. 
 
Since the temporary construction live load on the containment during and after construction is 
small, it did not govern the containment design. 
 
The containment was not analyzed for a "normal/extreme environmental" load combination.  
However, the containment was analyzed for a "normal/severe" load combination with a load factor 
of 1.425 on the OBE load.  Since the SSE loads for Susquehanna SES exceed the OBE loads by 
only approximately 35%, the "normal/severe" load combination that was considered is more critical 
than a "normal/extreme" load combination with a load factor of 1.0 on the SSE load.  Therefore, the 
"normal/extreme" load combination was not investigated.  Also, the "abnormal/extreme" condition 
is critical compared to the "normal/extreme" condition. 
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Table 3.8-2 used working stress criteria for the "preoperational testing" condition.  As discussed 
above, the "construction" load combination was not considered as it did not govern the design.  For 
the "normal/severe" load combination, Table 3.8-2 used ultimate strength design (USD) as 
opposed to Table CC-3200-1 of the ASME Code which uses working stress design (WSD).  A 
comparison of the OBE load factors and the allowable reinforcing steel tensile stresses is given 
below. 
 

  OBE 
Load Factor 

Allowable Reinforcing 
Steel Tensile Stress 

    
USD  1.425 0.9 fy 
WSD    
 USD 1.0 0.67 fy* 
Ratio WSD 1.425 1.343 WSD 

 
 
*Includes a 33% increase per Subsection CC-3422.1 of the ASME "Proposed Standard Code for 
Concrete Reactor Vessels and Containments," April 1973 edition since load combination includes 
temperature loads. 
 
A comparison of allowable concrete compressive stresses is unnecessary since concrete 
compressive stresses are low and do not govern the design. 
 
Since the USD load combination uses a 42.5% higher seismic load but allows only 34.3% higher 
reinforcing steel stress, the USD load combination is slightly more conservative than the WSD load 
combination. 
 
 
3.8.1.5.1.2  Strength Method 
 
The factored load combinations listed in Table 3.8-2 are designed according to the strength 
method of ACI 318.  The following allowable stresses are used:  
 

a) Concrete 
 

1) Compression - 0.85 f'c 
 
2) Tension - not permitted 
 
3) Radial shear - ACI 318-71 (Chapter 11) 
 
4) Tangential shear - not permitted  

 
b) Reinforcing Steel 
 

1) Tension - 0.90 Fy 
 
2) Compression - 0.90 Fy  

 
 



SSES-FSAR 
Text Rev. 56 
 
 

FSAR Rev. 65 3.8-12 

The allowables are defined as: 
 
 f'c = Specified compressive strength of concrete 
 
 Fy = Specified yield strength of reinforcing steel 
 
 
3.8.1.5.2  Liner Plate and Anchorages 
 
The allowable strain in the liner plate due to design basis accident thermal load is 0.5 percent.  This 
value is based on ASME Code, Section III (Ref. 1J of Table 3.8-1), Figure I-9.l which permits an 
allowable strain of approximately 2 percent for 10 cycles.  Since the graph in Figure I-9.l does not 
extend below 10 cycles, 10 cycles are conservatively used for the DBA instead of one cycle. 
 
The liner plate and anchorages are also used to support small loads from pipe hangers, HVAC 
duct supports, electrical raceway supports, etc.  For this condition, the following allowable stresses 
are used: 
 
 

Loading Condition Allowable Membrane Tensile 
Stress Due to Mechanical Loads 

Normal 0.6 Fy 
Abnormal 0.9 Fy 

 
 
The allowables are defined as: 
 
 Fy = Specified yield strength of liner plate. 
 
 
The allowable forces on the liner plate anchorages are in accordance with Bechtel Topical Report 
BC-TOP-1 (Ref. 1K of Table 3.8-1). 
 
 
3.8.1.6  Materials, Quality Control, and Special Construction Techniques 
 
3.8.1.6.1  Concrete Containment 
 
The concrete and reinforcing steel materials for the containment are discussed in Appendix 3.8B.  
Concrete design compressive strengths are given in Table 3.8-11. 
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3.8.1.6.2  Liner Plate, Anchorages, and Attachments 
 
3.8.1.6.2.1  Materials 
 
Liner plate materials conform to the requirements of the standard specifications listed below: 
 
Item Specification 
Liner plate (less than 1/2 in. thick) ASTM A 285, Grade A 
  
Liner plate (1/2 in. thick or thicker) ASME SA-516, Grade 60 or 70 conforming to the 

requirements of ASME Boiler and Pressure Vessel 
Code (ASME B&PV Code), 1971 Edition with 
Addenda through Summer 1972, Section III, Article 
NE-2000 

  
Anchorages and attachments other than 
pipe restraints 

ASTM A36 

  
Pipe restraint attachments ASTM A441 
 
 
3.8.1.6.2.2  Welding 
 
Liner plate and structural steel welding conform to the applicable portions of Part UW of 
Section VIII of the ASME B&PV Code.  Specifically, Paragraph UW-26 through UW-38 inclusive 
apply in their entirety.  The welding of liner plate butt welds and attachments that penetrate the liner 
plate is performed by either the shielded metal arc or the automatic submerged arc process.  The 
minimum number of individual weld layers for welds that must maintain leak-tightness is two.  
Welders and weld procedures are qualified in accordance with either Section IX of the ASME Code 
or AWS D1.1. 
 
 
3.8.1.6.2.3  Materials Testing 
 
Liner plate material 3/4 in. thick or over is impact tested at 0oF or below as required by the ASME 
Code.  Liner plate or attachment material subjected to transverse tensile stress is vacuum 
degassed and ultrasonically tested in accordance with ASME Code, Section III, NB-2530 and 
conforms to the requirements of Article NE-2000 of Section III. 
 
 
3.8.1.6.2.4  Nondestructive Examination of Liner Plate Seam Welds 
 
Nondestructive examination of liner plate welds is performed in accordance with Regulatory 
Guide 1.19, Revision 1 except that for leak chase testing, the leak chase pressure is 115 percent of 
design pressure instead of 100 percent of design pressure, and the pressure is held for 15 minutes 
instead of two hours.  This exception is considered justifiable since any significant leakage (i.e., 
any pressure decay in excess of the rated accuracy of the pressure gage) will be determined within 
15 minutes. 
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Spot radiographic examination is performed for all radiographable liner plate seam welds. 
Radiography is performed in accordance with Section V, Article 3 of the ASME Code.  Personnel 
performing radiographic examinations are qualified in accordance with the Society for 
Non-Destructive Testing's Recommended Practice No.  SNT-TC-1A, Supplement A, plus any 
additional requirements of the ASME Code, Section V.  Acceptance standards are in accordance 
with Paragraph UW-51, of Section VIII, Division 1 of the ASME Code.  The first 10 ft. of weld for 
each welder and welding position is 100 percent radiographed.  Thereafter, one 12 in. long 
radiograph is taken for each welder and weld position in each additional 50 ft. increment of weld.  A 
minimum of 2 percent of all liner seam welds are examined by radiography.  For 
nonradiographable welds, the length of weld needed to meet the 2 percent requirement is 
accounted for by additional radiographs of that length for the accessible welds. 
 
Where nonradiographable weld joints are used, the entire length of weld is magnetic particle 
examined.  All magnetic particle examinations conform to the ASME Code, Section V.  Personnel 
performing magnetic particle examinations are qualified in accordance with SNT-TC-1A plus any 
additional requirements of the ASME Code, Section V.  Acceptance standards are in accordance 
with the ASME Code, Section VIII, Division 1, Appendix VI.  The vacuum box soap bubble test is 
performed on all accessible liner plate weld seams.  A 5 psi minimum pressure differential is 
maintained for a minimum time of 20 seconds.  The leak detecting solution is continuously 
observed for bubbles that indicate leaks.  If a leak is detected, the defective weld is repaired and 
reinspected by vacuum box testing. 
 
Welds that are inaccessible for vacuum box testing are 100 percent liquid penetrant tested.  Liquid 
penetrant examinations conform to the ASME Code, Section V.  Personnel performing liquid 
penetrant examinations are qualified in accordance with SNT-TC-1A plus any additional 
requirements of the ASME Code, Section V.  Acceptance standards conform to the ASME Code, 
Section VIII, Division 1, Appendix VIII. 
 
A leak chase system is provided on liner plate seam welds less than 1/2 in. thick on the base 
foundation slab liner plate and on that portion of the suppression chamber wall liner plate that is 
below the suppression pool water level.  This system will allow periodic leak testing of welds that 
are submerged in the suppression pool.  It also provides a secondary leak-tight barrier at the liner 
plate weld seams.  Following installation of the leak chase system, the leak chase system is 
pressurized to 63 psig.  The pressure is monitored by valving off the air supply and measuring any 
pressure decay with a pressure gage.  Any pressure decay in excess of the rated accuracy of the 
pressure gage within 15 minutes is cause for rejection of that portion of the liner plate seam welds 
and the leak chase system.  Any leaks are repaired, and following repair, the affected portion of the 
leak chase system is retested. 
 
 
3.8.1.6.2.5  Quality Control 
 
Quality control requirements are discussed in Appendix D and amendments to the PSAR for the 
construction phase. 
 
 
3.8.1.6.2.6  Erection Tolerances 
 
The specified erection tolerances for the liner plate are as follows: 
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a) The slope of any 10 ft. section of cylindrical liner plate, referred to true vertical, does not 
exceed 1:180.  The deviation from theoretical slope of any 10 ft. section of conical liner 
plate, measured within a vertical plane, does not exceed 1:120. 

 
b) The cylindrical shell is plumb within 1/400 of the height.  The vertical axis of the conical 

shell, as established at the top and bottom of the conical section, is plumb within 1/400 of 
the height. 

 
c) The radial dimension to any point on the liner plate does not vary from the design radius by 

more than +1 in., and at any given elevation the maximum diameter minus the minimum 
diameter shall not exceed 4 in., except that there is a radial tolerance of +2 in. for local 
out-of-roundness.  Radial measurements are taken at 24 locations spaced equally around 
the containment at any elevation.  Local out-of-roundness tolerance is used for not more 
than two measurements at any given elevation and is not used at adjacent measurements. 

 
d) Plates joined by butt welding are matched accurately and retained in position during the 

welding operation.  Misalignment in completed joints shall not exceed the requirements of 
Paragraph UW-33 of Section VIII, Division 1 of the ASME Code. 

 
e) The levelness of anchorages placed in the base foundation slab is within -1/4 in. of the 

theoretical elevation over the entire area, plus a local tolerance of -1/8 in. in any 30 ft. 
length. 

 
Actual deviations from the above were handled in accordance with the procedures covered in 
Subsection 3.8.1.6.2.5. 
 
 
3.8.1.7  Testing and In-service Surveillance Requirements 
 
3.8.1.7.1  Preoperational Testing 
 
3.8.1.7.1.1  Structural Acceptance Test 
 
This subsection briefly describes the Unit 1 containment structural acceptance test.  For a more 
detailed description, refer to the "SSES, Unit 1 Containment Structure, Structural Integrity Test 
Report.” 
 
The Unit 1 containment structural acceptance test was performed after completion of the 
containment structure but prior to installation of piping and equipment.  The reactor vessel was 
installed at the time of the test and the suppression chamber was filled with water to the normal 
level.  The Unit 2 containment structural acceptance test will be performed after completion of the 
containment including all piping and equipment.  The Unit 1 test was a prototype test and, 
therefore, internal concrete strains were measured.  The Unit 2 test will be a non-prototype test 
and, therefore, internal concrete strains will not be measured. 
 
The Unit 1 test was done and the Unit 2 test will be done in accordance with Regulatory 
Guide 1.18, Revision 1, except for the following: 
 
a) A continuous increase in containment pressure, rather than incremental pressure 

increases, was used.  This is considered justifiable since data observations at each 
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pressure level were made rapidly.  Rapidly is defined as requiring a time interval for the 
data point sample sufficiently short so that the change in pressure during the observation 
would cause a change in structural response of less than five percent of the total 
anticipated change. Also, the maximum rate of pressurization was limited to 3 psi/hr to 
ensure that the structure would respond to the pressure load without any time lag. 

 
b) The distribution of measuring points for monitoring radial deflections was selected so that 

the as-built condition could be considered in the assessment of the general shell response.  
In general, the locations of measuring points for radial deflections was in agreement with 
Regulatory Guide 1.18, Figure B, except point 1.  Point 1 was provided at a distance of two 
times the wall thickness (12 ft) above the base mat.  This variation was made to properly 
predict the containment behavior near the base mat to wall connection.  If point 1 was 
provided at a height of three times the wall thickness (18 ft.), it would be located close to 
point 2 (suppression chamber wall mid-height is 26 ft.) and would not yield any additional 
behavior pattern of the containment. 

 
c) Some of the strain gage instrumentation was farther from the equipment hatch than 0.5 

times the wall thickness (3 ft.) as required by Regulatory Guide 1.18, Paragraph C.5.  This 
was required in order to clear reinforcement and is considered justifiable since the intent of 
the Regulatory Guide, i.e., to demonstrate the structural integrity of the containment, was 
met. 

 
d) Tangential deflections of the containment wall adjacent to the equipment hatch were not 

measured because the predicted values of tangential deflection were small and it would 
have been difficult to obtain fixed reference points for measurement of local tangential 
deflections. 

 
e) Triaxial concrete strain measurements were not used to evaluate the concrete strain 

distribution because the measured strain values could not be properly interpreted.  The 
difficulty in interpreting the data was due to the large size of the strain gages relative to the 
wall thickness.  The concrete strain was evaluated using linear strain measurements in the 
meridional and hoop directions. 

 
f) Humidity inside the containment was not measured during the test since it does not affect 

the response of the structure. 
 
The containment was pneumatically pressurized to 1.15 times the design accident pressure as 
shown on Figure 3.8-29.  The drywell floor was tested to 1.15 times the design downward 
differential pressure. 
 
Structural measurements were taken at peak pressure and peak differential pressure as well as at 
intermediate stages.  Measured structural data include the following: 
 

1) Radial and vertical deflections of the containment 
 

2) Internal concrete strains 
 

3) External concrete surface cracks. 
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The above data were measured for the containment and for the largest opening which are the two 
equipment hatches.  Since the areas of the containment wall around the equipment hatches are of 
identical design, only one of the hatches was instrumented.  See Figures 3.8-30 and 3.8-31 for the 
locations of deflection measuring devices for the containment and the equipment hatch, 
respectively.  See Dwg. C-384, Sh. 1 for the location of strain gage instrumentation for the 
containment and the equipment hatch, respectively.  Strain gages were located within the walls 
and slabs at the rebar layers in the direction of the main reinforcement.  An inspection of external 
concrete surface cracks was performed at six locations.  Each crack inspection area was at least 
40 sq. ft.  Dwg. C-387, Sh. 1 shows the locations of the crack mapping areas. 
 
Deflections and strains were calculated prior to the test.  A 15 percent margin was added to the 
calculated values of deflection and strain to arrive at the predicted values.  The FINEL computer 
program (Appendix 3.8A) was used to calculate the deflections and strains for the containment.  
The program performs a finite element, static analysis of axisymmetric structures with axisymmetric 
loading.  Special material properties that can be considered include bilinearity in compression and 
bilinearity or cracking in tension.  Figure 3.8-34 shows a vertical section through the model.  Points 
along Boundary A are prevented from moving in the vertical direction and points along Boundary B 
are prevented from moving in the radial direction.  Concrete, reinforcing steel, and liner plate 
materials are included in the model.  The SUPERB computer program (Appendix 3.8A) was used 
to calculate the predicted deflections and strains for the equipment hatch.  Figure 3.8-35 shows the 
analytical model of the equipment hatch.  Shell elements are used to represent the containment 
wall around the equipment hatch and the drywell floor. Points along Boundary A are allowed to 
move within the X-Z plane, and Boundary B within the X-Y plane.  Points along Boundary C are 
prevented from moving in the hoop direction, and points along Boundary D are prevented from 
moving in the radial direction.  Nodal forces, moments, and shears are applied to Boundary E to 
account for the reaction loads from the upper portion of the drywell wall. 
 
Deflections and strains measured during the test were less than or equal to the predicted values at 
all critical locations.  Thus, the design of the containment provides an adequate safety margin 
against internal pressure.  Figure 3.8-36 shows a comparison between measured and predicted 
deflections for the containment at peak pressure.  Figure 3.8-37 shows a comparison between 
measured and predicted deflections for the equipment hatch at peak pressure.  The maximum 
strain occurs at mid-height of the suppression chamber wall.  Figures 3.8-38, 3.8-39, 3.8-40, 3.8-41 
and 3.8-42 compare measured and predicted strains at this location.  Very little concrete cracking 
was observed.  Figure 3.8-43 shows the cracks mapped at mid-height of the drywell wall where the 
greatest amount of concrete surface cracks were observed. 
 
 
3.8.1.7.1.2  Leak Rate Testing 
 
Preoperational leak rate testing is discussed in Subsection 6.2.6. 
 
 
3.8.1.7.2  In-service Leak Rate Testing 
 
In-service leak rate testing is discussed in Subsection 6.2.6. 
 
 
3.8.2  ASME CLASS MC STEEL COMPONENTS OF THE CONTAINMENT 
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This subsection pertains to the ASME Class MC steel components of the concrete containment 
that form a portion of the containment pressure boundary and are not backed by structural 
concrete.  These components include the drywell head assembly, the equipment hatches and 
personnel lock, the suppression chamber access hatches, the CRD removal hatch, and piping and 
electrical penetrations. 
 
 
3.8.2.1  Description of the ASME Class MC Components 
 
3.8.2.1.1  Drywell Head Assembly 
 
The drywell head provides a removable closure at the top of the containment for reactor access 
during the refueling operation.  The drywell head assembly consists of a 2:1 hemi-ellipsoidal head 
and a cylindrical lower flange.  The lower flange is supported on the top of the drywell wall as 
shown on Figure 3.8-9.  The head is made of 1-1/2 in. thick plate and is secured with 80 2-3/4 in. 
diameter bolts at the 4 in. thick mating flange.  Double rubber gaskets are provided at the 
head-to-lower flange connection to permit local leakage testing of the gaskets.  The inside diameter 
(ID) of the drywell head at the mating flange is 37 ft. 7-1/2 in. 
 
A 24 in. diameter double-gasketed manhole is provided in the drywell head. 
 
Figure 3.8-44 shows details of the drywell head assembly. 
 
 
3.8.2.1.2  Equipment Hatches and Personnel Lock 
 
Two 12 ft. 2 in. ID equipment hatches are furnished in the drywell wall to permit the transfer of 
equipment and components into and out of the drywell.  One hatch is furnished with a 
double-gasketed flange and a bolted dished door.  The other hatch is furnished with a 
double-gasketed flange and a bolted personnel lock.  The personnel lock is an 8 ft. 7 in.  ID 
cylindrical pressure vessel with inner and outer flat bulkheads.  Interlocked, double-gasketed doors 
are furnished in each bulkhead.  A quick-acting, equalizing valve vents the personnel lock to the 
drywell to equalize the pressure in the two systems when the doors are opened and then closed.  
The two doors in the personnel lock are mechanically interlocked to prevent them from being 
opened simultaneously and to ensure that one door is closed before the opposite door can be 
opened.  The personnel lock has an ASME Code N-stamp.  See Dwg. C-287, Sh. 1 for details of 
the equipment hatch and the equipment hatch with personnel lock, respectively. 
 
 
3.8.2.1.3  Suppression Chamber Access Hatches 
 
Two 6 ft. 0 in. ID access hatches are furnished in the suppression chamber wall to permit 
personnel access and the transfer of equipment and components into and out of the suppression 
chamber.  Each hatch is furnished with a double-gasketed flange and a bolted flat cover.  See 
Dwg. C-283, Sh. 1 for details of the suppression chamber access hatches. 
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3.8.2.1.4  CRD Removal Hatch 
 
One 3 ft. 0 in. ID CRD removal hatch is furnished in the drywell wall to permit transfer of the control 
rod drive assemblies into and out of the drywell.  The hatch is furnished with a double-gasketed 
flange and a bolted flat cover.  See Dwg. C-288, Sh. 1 for details of the CRD removal hatch. 
 
 
3.8.2.1.5  Penetrations 
 
The entire length of any penetration sleeve is considered an MC component and, as such, is 
designed in accordance with Subsection NE of the ASME B&PV Code, Section III.  See 
Subsection 3.8.1.1.3.3 for a description of the containment penetrations. Dwgs. C-288, Sh. 1 and 
C-283, Sh. 1 and Figure 3.8-20 show details of typical pipe and electrical penetrations, 
respectively. 
 
 
3.8.2.2  Applicable Codes, Standards, and Specifications 
 
The codes, standards, and specifications used in the design and construction of the containment 
are listed in Table 3.8-1 and given a reference number. 
 
The reference numbers for the ASME Class MC components are 7C, 1H, 1J, and 1K. 
 
 
3.8.2.3  Loads and Loading Combinations 
 
3.8.2.3.1  General 
 
Table 3.8-3 lists the loading combinations used for the design and analysis of the ASME Class MC 
components.  The loading combinations comply with Regulatory Guide 1.57.  The loading 
combinations shown in Table 3.8-3 do not include the hydrodynamic loads. 
 
The ASME Class MC components have also been analyzed for hydrodynamic loads from main 
steam safety/relief valve discharge and LOCA.  For a definition of loads and loading combinations 
including hydrodynamic loads, refer to GE's "Mark II Containment Dynamic Forcing Functions 
Information Report" (NEDO-21061), and the "Susquehanna Plant Design Assessment Report.” 
 
The loading combinations given in Table 3.8-3 are not in agreement with those of SRP 
Section 3.8.2.II.3.b.  Table 3.8-3 does, however, base allowable stresses on Subsection NB of the 
ASME code.  Table 3.8-3a compares FSAR and SRP load combinations and allowable stresses 
for ASME Class MC components.  The principal material for the MC components is SA-516, Grade 
70.  The allowable stresses listed in Table 3.8-3a are based on the following values: 
 
 Sm = 19.3 ksi 
 
 
 Sy = 38.0 ksi for T ≤ 100°F 
 
 29.4 ksi for T  = 550°F 
 (local steam/water jet temperature) 
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 Su = 70.0 ksi (minimum) for T ≤ 100°F 
 
 
 Assume Su at T = 550°F  
 
 
 = 70.0 ksi x 29.4 ksi = 54.2 ksi 
 38.0 ksi 
 
 
3.8.2.3.2  Description of Loads 
 
3.8.2.3.2.1  Dead and Live Load 
 
For a description of dead and live load, see Subsections 3.8.1.3.2.1 and 3.8.1.3.2.2, respectively. 
 
 
3.8.2.3.2.2  Design Basis Accident Pressure Load 
 
The MC components are designed for a containment design basis accident internal pressure of 53 
psig.  The personnel lock is also designed for a design basis accident internal pressure of 53 psig. 
 
 
3.8.2.3.2.3  External Pressure Load 
 
The MC components are designed for a containment external pressure of 5 psi differential. 
 
 
3.8.2.3.2.4  Thermal Loads 
 
The operating and postulated design accident temperatures for the MC components are as follows:  
 

Temperature (F°) 
  Suppression 
Condition Drywell Chamber 
   
Operating 135 90 
   
Design Accident 340 220 
   

 
 
Thermal cycles used in design are as follows: 
 
 a) Startup and shutdown - 500 cycles, 105°F range 
 
 b) Design Basis Accident - 1 cycle, 220°F range. 
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3.8.2.3.2.5  Seismic Loads 
 
3.8.2.3.2.5.1  Design Basis Loads 
 
The MC components are designed for acceleration values, which are calculated using methods 
described in Bechtel Topical Report BC-TOP-4-A (Ref. 2K of Table 3.8-1). 
 
The following acceleration values are used for the design of the drywell head assembly: 
 
a) - 1.5g horizontal, ±0.6g vertical 
 
 
The following acceleration values are used for the design of all other class MC components: 
 
a) For equipment hatches, personnel lock, control rod drive removal hatch. 
 

E = 1.10 g horizontal, ± 0.65 g vertical 
E' = 0.75 g horizontal, ± 0.54 g vertical 

 
LOCA = 1.68 g horizontal, ± 1.06 g vertical 
SRV = 0.26 g horizontal, ± 0.70 g vertical 

 
b) Suppression chamber hatches and all other components in the suppression chamber. 
 

E  = 0.43 g horizontal, ± 0.38 g vertical 
E' = 0.38 g horizontal, ± 0.31 g vertical 
 
LOCA = 4.5 g horizontal, ± 0.51 g vertical 
SRV = 1.3 g horizontal, ± 0.28 g vertical 

 
 
3.8.2.3.2.6  Missile and Pipe Rupture Loads 
 
The drywell head assembly is designed for a local pipe rupture load of 48,000 lb. uniformly 
distributed over a circular area of 0.56 sq. ft. at any location on the drywell head.  This load is due 
to the postulated rupture of the 6 in. diameter reactor vessel head spray pipe, which produces the 
largest load on the drywell head. 
 
The equipment hatches are designed for a pipe rupture load of 1,200,000 lb. uniformly distributed 
over a circular area of 12 ft. diameter. 
 
 
The CRD removal hatch is designed for a pipe rupture load of 160,000 lb. uniformly distributed 
over a circular area of 3 ft. diameter. 
 
The loads on the equipment hatches and the CRD removal hatch are due to the rupture of a 28 in. 
diameter recirculation loop outlet pipe, which produces the largest load on the components. 
 
The above values of static load include an appropriate dynamic load factor to account for the 
dynamic nature of the load.  See Section 3.6 for a further discussion of pipe rupture loads. 
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3.8.2.4  Design and Analysis Procedures 
 
3.8.2.4.1  Drywell Head Assembly 
 
The analysis of the drywell head assembly is done using the thin shell computer program E0781 
(Appendix 3.8A).  This program calculates the stresses and displacements in thin-walled, elastic 
shells of revolution when subjected to static edge, surface, and/or temperature loads with an 
arbitrary distribution over the surface of the shell. 
 
The drywell head assembly is divided into two analytical models.  Figure 3.8-45 shows the drywell 
head model and the lower flange model.  Displacement compatibility of the two models at the 
mating flange surface is maintained in the analysis.  Boundary conditions are imposed on the 
analytical models by specifying boundary forces or displacements.  Referring to Figure 3.8-45, the 
translation and rotation of the top of the drywell wall are imposed as boundary conditions to 
Boundary A.  Boundary forces applied to Boundary B are calculated in accordance with thin shell 
theory. 
 
 
3.8.2.4.2  Access Hatches 
 
Access hatches, including the equipment hatches, personnel lock, suppression chamber access 
hatches and CRD removal hatch, are designed as pressure retaining components.  The portions of 
the sleeves not backed by concrete are designed and analyzed according to the provisions of 
Section III, Subsection NE of the ASME B&PV Code. 
 
At the junction of the hatch cover to the flange on the sleeve, where local bending and secondary 
stresses occur, the computer program E0119 (Appendix 3.8A) is used for analysis.  This program 
is also used for the analysis of the flat head covers. 
 
 
3.8.2.4.3  Pipe and Electrical Penetrations 
 
For nuclear Class I flued head penetrations, the stress calculations are performed according to the 
requirements of Article NB-3200 of the ASME B&PV Code, Section III for design, normal and 
upset, emergency, and faulted conditions.  Nuclear Class II flued head penetrations are designed 
for the most severe condition which is the faulted condition.  The stress calculations are performed 
using acceptable simplified equations or finite element computer program. 
 
For Class IE electrical cable penetrations, the procedures used in design and analysis are in 
compliance with Subsection NE of the ASME Code, Section III, Division 1.  The stress calculations 
were performed using acceptable simplified equations shown in Appendix A-5000 of the ASME 
Code, Section III. 
 
 
3.8.2.5  Structural Acceptance Criteria 
 
Table 3.8-3 lists the allowable stress criteria used for the design and analysis of the ASME 
Class MC components.  The criteria comply with Regulatory Guide 1.57 except that the Code 
addendum (Summer 1973) applicable to the Regulatory Guide is subsequent to the Code 
addendum used for the design of the MC components (Summer 1972). 
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3.8.2.6  Materials, Quality Control, and Special Construction Techniques 
 
3.8.2.6.1  Materials 
 
3.8.2.6.1.1  General 
 
All carbon steel materials conform to the requirements of Article NE-2000, Materials, Section III of 
the ASME B&PV Code, 1971 Edition, with addenda through Summer 1972.  Stainless steel 
materials for the CRD supply and return pipe penetrations conform to the requirements of 
Subsection NC of Section III of the ASME B&PV Code, 1971 Edition, with addenda through 
Summer 1972. 
 
 
3.8.2.6.1.2  Drywell Head Assembly 
 
Item Specification 

Drywell head and lower flange SA-516, Grade 70, normalized 

Bolts SA-320, Grade L43 

Nuts SA-194, Grade 7 
 
 
3.8.2.6.1.3  Access Hatches 
 
Item Specification 

Sleeve and cover SA-516, Grade 60 or 70, normalized 

Bolts SA-193, Grade B7 

Nuts SA-194, Grade 7 
 
 
3.8.2.6.1.4  Penetrations 
 
Item Specification 
Carbon steel sleeves SA-333, Grade 1 

or 
SA-516, Grade 60 normalized 

  
Carbon steel caps for spare penetrations SA-234, Grade WPB 
  
Stainless steel sleeves for CRD supply  SA-312, Grade TP 304 
  
Stainless steel fittings for CRD supply and return 
penetrations 

SA-182, Grade F 304 
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3.8.2.6.2  Welding 
 
Welding conforms to the requirements of Subsection NE, Section III, ASME B&PV Code, except all 
welding of the CRD supply and return penetrations conforms to the requirements of Subsection NC 
of Section III of the ASME B&PV Code.  All pressure boundary welds are full penetration welds of 
double welded, bevel type.  Welders and weld procedures are qualified in accordance with either 
Section IX of the ASME Code or AWS D1.1. 
 
Penetrations, access hatches, and the drywell head flange are post-weld heat treated in 
accordance with Article NE-4000 of Section III of the ASME Code.  Penetrations are preassembled 
into the liner plate sections and post-weld heat treated as complete subassemblies. 
 
 
3.8.2.6.3  Materials Testing 
 
Impact testing as required by the ASME Code is performed at 0°F or below. 
 
 
3.8.2.6.4  Nondestructive Examination of Welds 
 
All welds between penetrations and liner plate, access hatches and liner plate, and pressure 
retaining welds not backed by concrete are examined in accordance with Article NE-5000 of 
Section III of the ASME Code.  Nondestructive examination complies with Regulatory Guide 1.19. 
 
 
3.8.2.6.5  Quality Control 
 
Quality control requirements for the construction phase are discussed in Appendix D and 
amendments to the PSAR. 
 
 
3.8.2.6.6  Erection Tolerances 
 
The specified erection tolerances for ASME Class MC steel components of the containment are as 
follows: 
 
a) Suppression chamber penetrations are within 1 in. of their design elevations and 

circumferential locations. 
 
b) Drywell penetrations are within 1 in. of their design circumferential locations.  Critical 

penetrations, such as main steam, feedwater, core spray, etc., are within 1 in. of their 
design elevations.  All other drywell penetrations vary from within 1 in. of design elevations 
for penetrations near the base of the drywell wall to within 2 in. of design elevations for 
penetrations near the top of the drywell wall. 

 
c) Alignments of penetrations are within 1 degree of the design alignments. 
 
d) The average elevation of the mating flange between the drywell head and the lower flange 

is within 3 in. of the design elevation.  The mating flange is within 1/2 in. of level. 
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Actual deviations from the above were handled in accordance with procedures covered in 
Subsection 3.8.2.6.5. 
 
 
3.8.2.7  Testing and In-service Inspection Requirements 
 
3.8.2.7.1  Preoperational Testing 
 
3.8.2.7.1.1  Structural Acceptance Test 
 
The drywell head assembly, equipment hatches, suppression chamber access hatches, CRD 
removal hatch, and pipe and electrical penetrations are pneumatically tested to 1.15 times the 
design accident pressure during the containment structural acceptance test.  See 
Subsection 3.8.1.7.1.1 for a description of the structural acceptance tests. 
 
The personnel lock is pneumatically tested to 1.25 times the design accident pressure, following 
shop fabrication and following field erection, to verify its structural integrity. 
 
The CRD supply and return pipe penetrations are hydrotested to 1.25 times the design pressure of 
1750 psig following field erection in accordance with the ASME Code, Section III, Subsection NC. 
 
 
3.8.2.7.1.2  Leak Rate Testing 
 
Leaktightness of the containment Class MC components that are pressure retaining is verified 
during the integrated leak rate test.  See Subsection 6.2.6 for a description of the containment 
integrated leak rate test. 
 
The personnel lock is leak rate tested to 100 percent of the design accident pressure following 
shop fabrication and following field erection.  The maximum allowable leak rate is 0.2 percent of the 
weight of the contained air in 24 hours when measured at ambient temperature and test pressure. 
 
 
3.8.2.7.2  In-service Leak Rate Testing 
 
In-service leak rate testing is discussed in Subsection 6.2.6. 
 
 
3.8.3  CONTAINMENT INTERNAL STRUCTURES 
 
3.8.3.1  Description of the Internal Structures 
 
The internal structures of the containment perform the following major functions: 
 
a) Support and shield the reactor vessel 
 
b) Support piping and equipment 
 
c) Form the pressure suppression boundary.  
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The containment internal structures are constructed of reinforced concrete and structural steel.  
The containment internal structures include the following: 
 
a) Drywell floor 
 
b) Reactor pedestal 
 
c) Reactor shield wall 
 
d) Suppression chamber columns 
 
e) Drywell platforms 
 
f) Seismic truss 
 
g) Reactor steam supply system supports  
 
 
Dwgs. C-331, Sh. 1, C-371, Sh. 2, C-1932, Sh. 3, C-1932, Sh. 4, and C1932, Sh. 5 show an 
overview of the containment including the internal structures. 
 
 
3.8.3.1.1  Drywell Floor 
 
The drywell floor serves as a barrier between the drywell and suppression chamber.  It is a 
reinforced concrete circular slab with an outside diameter of 88 ft. 0 in. and a thickness of 3 ft. 6 in.  
See Dwg. C-348, Sh. 1, C-349, Sh. 1, and C-350, Sh. 1 for details of the drywell floor 
reinforcement. 
 
The drywell floor is supported by the reactor pedestal, the containment wall, and 12 steel columns.  
The connection of the drywell floor to the containment wall is shown on Dwg. C-284, Sh. 1.  The 
drywell floor is penetrated by 87 24-in. diameter vent pipes.  Additional reinforcement is furnished 
at vent pipe penetrations.  A 1/4 in. thick carbon steel liner plate is provided on top of the drywell 
floor and anchored to it.  The liner plate prevents bypass of the vent pipes during LOCA.  Refer to 
Subsection 6.2.1 for a description of the bypass leakage requirements.  The liner plate also 
provides support for attachments such as pipe hangers.  Loads from these attachments are 
transferred by means of the liner plate into the anchorages which are embedded in the drywell floor 
concrete.  Dwg. C-293, Sh. 1 shows the drywell floor liner plate and anchorage system. 
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3.8.3.1.2  Reactor Pedestal 
 
The reactor pedestal is a 82 ft. high, upright cylindrical reinforced concrete shell that rests on the 
containment base foundation slab and supports the drywell floor, reactor vessel, and reactor shield 
wall as well as drywell platforms, pipe restraints, and recirculation pumps.  The connection of the 
reactor pedestal to the base foundation slab is shown on Dwg. C-281, Sh. 1.  The reactor pedestal 
below the drywell floor has a 19 ft. 7 in. inside diameter and a 5 ft. 1 in. wall thickness.  The reactor 
pedestal above the drywell floor has a 20 ft. 3 in. inside diameter and a 4 ft. 5 in. wall thickness.  
The thickness at the top of the pedestal is increased to 5 ft. 4 in., where it supports the reactor 
vessel and the reactor shield wall.  See Dwgs. C-340, Sh. 1 and C-341, Sh. 1 for details of 
reinforcement.  Openings are provided in the reactor pedestal to permit flow of air and suppression 
pool water into and out of the pedestal cavity.  Additional reinforcement is furnished at openings.  A 
1/4 in. thick carbon steel form plate is provided on the inside and outside surfaces of the reactor 
pedestal below the drywell floor.  This plate acts as a concrete form during construction and 
preserves the water quality of the suppression pool by preventing the leaching of chemicals from 
the reactor pedestal concrete into the suppression pool. 
 
 
3.8.3.1.3  Reactor Shield Wall 
 
The reactor shield wall is a 49 ft. high upright cylindrical shell which rests on the top of the reactor 
pedestal and provides primary radiation shielding as well as supports for pipe restraints and drywell 
platforms.  The reactor shield wall is constructed of inner and outer carbon steel plates and 
unreinforced concrete between the two plates.  See Dwg. C-376, Sh. 1 for details of the reactor 
shield wall.  The reactor shield wall has a 25 ft. 7 in. inside diameter and a 1 ft. 9 in. wall thickness.  
The outer steel plate is 1-1/2 in. thick and is designed to withstand any local pipe restraint and 
drywell platform attachment loads.  The inner steel plate is 1/2 in. thick and is designed to act with 
the outer plate to withstand local and non-localized loads.  The inner and outer plates are 
connected with steel bars spaced on 2 ft. 6 in. centers.  The annular space between the inner and 
outer plates is filled with unreinforced concrete.  The concrete is used for radiation shielding only 
and is not relied upon as a structural element.  Normal density concrete is used in the top and 
bottom portions of the reactor shield wall.  High density concrete is used at the mid-height of the 
reactor shield wall opposite the reactor core for additional radiation shielding.  The reactor shield 
wall is connected to the top of the reactor pedestal by 48 2 in. diameter, high strength anchor bolts 
as shown on Dwg. C-344, Sh. 1, and C-377, Sh. 1.  The seismic truss and seismic stabilizer, which 
provide lateral support to the reactor vessel, are attached to the top of the reactor shield wall.  
Penetrations with hinged doors or removable plugs are provided in the reactor shield wall to 
facilitate piping connections to the reactor vessel and to provide access for in-service inspection.  
The wall thicknesses of penetration sleeves are large enough to prevent local stress 
concentrations in the inner and outer plates. 
 
 
3.8.3.1.4  Suppression Chamber Columns 
 
Twelve hollow steel pipe columns are furnished to support the drywell floor.  Each column is 52 ft. 6 
in. long, 42 in. outside diameter, with a 1-1/4 in. wall thickness as shown on Dwg. C-370, Sh. 1.  
The columns are connected to the base foundation slab at the bottom and to the drywell floor at the 
top with embedded anchor bolts.  Dwg. C-370, Sh. 1 shows the connection to the base foundation 
slab. 
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3.8.3.1.5  Drywell Platforms 
 
Platforms are furnished at five elevations in the drywell to provide access and support to electrical 
and mechanical components.  The platforms consist of structural steel framing with steel grating.  
Builtup box shapes are used for beams that must resist biaxial bending.  Beams that span between 
the pedestal or shield and the containment wall are provided with sliding connections at one end.  
Thus, no thermal axial loads are developed in the beams and no radial loads are imposed on the 
pedestal, shield, or containment wall.  See Dwgs.  C-362, Sh. 1,  C-363, Sh. 1,  C-364, Sh. 1,  
C-365, Sh. 1, and  C-367, Sh. 1 for details of the drywell platforms. 
 
 
3.8.3.1.6  Seismic Truss and Seismic Stabilizer 
 
The seismic truss and the seismic stabilizer provide lateral support for the reactor vessel during 
earthquake and pipe rupture loading.  The seismic truss spans between the containment wall and 
the reactor shield wall, and the seismic stabilizer spans between the reactor shield wall and the 
reactor vessel.  For a description of the seismic stabilizer, see Section 3.9.  The seismic truss is 
shaped like an eight pointed star and is fabricated of steel plates.  See Dwg. C-380, Sh. 1 for 
details of the seismic truss.  Dwg. C-286, Sh. 1 shows the connection of the seismic truss to the 
containment wall.  This connection is designed to allow vertical and radial movement of the seismic 
truss relative to the containment wall but to prevent tangential movement. 
 
 
3.8.3.1.7  Reactor Steam Supply System Supports 
 
The steam supply system piping and pumps are supported by hangers, which in turn are supported 
by the reactor pedestal, reactor shield, and drywell platforms.  A description of these supports is 
given in Section 3.9.  In addition, the reactor vessel itself is supported on the reactor pedestal by 
120, 31/4 in. diameter, high strength anchor bolts as shown on Dwg. C-344, Sh. 1, and C-377, 
Sh. 1.  The reactor vessel is supported laterally by the seismic truss and seismic stabilizer as 
discussed in Subsection 3.8.3.1.6. 
 
 
3.8.3.2  Applicable Codes, Standards, and Specifications 
 
The codes, standards, and specifications used in the design and construction of the containment 
internal structures are listed in Table 3.8-1 and given a reference number. 
 
The reference numbers for the drywell floor are 10A, 12A, 1C, 2C, 3C, 6C, and 2K. 
 
The reference numbers for the drywell floor liner plate and anchorages are 4C, 1H, 1J, and 1K. 
 
The reference numbers for the reactor pedestal are 7A, 10A, 12A, 1C, 2C, 3C, 6C, and 2K. 
 
The reference numbers for the reactor shield wall are 1B, 6C, 1H, and 2K. 
 
The reference numbers for the suppression chamber columns are 1H, 2H, 3H, 1J, and 2K. 
 
The reference numbers for the drywell platforms and seismic truss are 1B, 1H, 2H, 3H and 2K. 
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3.8.3.3  Loads and Loading Combinations 
 
3.8.3.3.1  General 
 
Tables 3.8-2, 3.8-2a and 3.8-4, 3.8-5, 3.8-6 and 3.8-7 list the loading combinations used for the 
design and analysis of the containment internal structures.  The loading combinations shown in 
these tables do not include hydrodynamic loads.  
 
The internal structures have also been analyzed for hydrodynamic loads from main steam 
safety/relief valve discharge and LOCA.  For a definition of loads and loading combinations 
including hydrodynamic loads, refer to GE's "Mark II Containment Dynamic Forcing Functions 
Information Report" (NEDO-21061) and the "Susquehanna Plant Design Assessment Report.” 
 
 
3.8.3.3.2  Drywell Floor and Reactor Pedestal 
 
Table 3.8-2 lists the loading combinations used for the design of the drywell floor.  The loading 
combinations are in compliance with those given in Reference 12A of Table 3.8-1. 
 
Table 3.8-2a lists the loading combinations used for the design of the reactor pedestal.  The 
loading combinations are in compliance with those given in SRP Section 3.8.3.II.3. 
 
 
3.8.3.3.2.1  Description of Loads 
 
Dead Load, Live Load, and Seismic Loads 
 
For a description of dead load, live load, and seismic loads, see Subsections 3.8.1.3.2.1, 
3.8.1.3.2.2 and 3.8.1.3.2.6, respectively. 
 
Design Basis Accident Pressure Load 
 
The drywell floor and the reactor pedestal are designed for the following pressures: 
 
a) Maximum pressure: 53 psig in the drywell and the suppression chamber 
 
b) Maximum differential pressure: 28 psig (53 psig in the drywell and 25 psig in the 

suppression chamber). 
 
Thermal Loads 
 
The temperature gradients through the drywell floor and the reactor pedestal are shown on 
Figure 3.8-58 for the operating and the postulated design accident condition.  The design accident 
temperature gradients shown on Figure 3.8-58 occur five minutes after LOCA.  These transient 
temperature gradients are used for the design of the drywell floor and the reactor pedestal because 
they produce the largest stresses in the structure. 
 
Thermal effects anticipated at the time of the structural acceptance test are insignificant since 
changes in temperature inside and outside the containment during the test will be small. 
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Missile and Pipe Rupture Loads 
 
The drywell floor and the reactor pedestal are designed to withstand the missile and pipe rupture 
loads due to a postulated rupture of a 28 in. diameter recirculation loop pipe, which produces the 
largest loads on the structures.  These loads include the effects of jet impingement, pipe whip, and 
pipe reaction.  An equivalent static load of 1030 kips is considered.  This load includes an 
appropriate dynamic load factor to account for the dynamic nature of the load.  See Section 3.6 for 
a further discussion of postulated pipe rupture loads. 
 
 
3.8.3.3.3  Reactor Shield Wall 
 
The reactor shield wall is designed using the elastic working stress design methods of AISC, 
"Specification for the Design, Fabrication, and Erection of Structural Steel for Buildings,” dated 
1969, Part 1.  Table 3.8-4 lists the load combination used for the design of the reactor shield wall.  
Since this loading condition combines the design basis accident loads with the maximum seismic 
loads, it is the most severe loading condition and other, less severe load combinations are not 
considered. 
 
 
3.8.3.3.3.1  Description of Loads 
 
Dead Load, Live Load, and Seismic Loads 
 
For a description of dead load, live load, and seismic loads, see Subsections 3.8.1.3.2.1, 
3.8.1.3.2.2 and 3.8.1.3.2.6, respectively. 
 
Design Basis Accident Pressure Load 
 
The reactor shield wall is designed for internal pressure due to a postulated pipe rupture at the 
connection of the pipe to the reactor vessel nozzle safe end.  The following two pressure conditions 
are considered: 
 
a) Maximum unbalanced pressure:  pressure condition shortly after pipe break, which 

produces the largest lateral load on the reactor shield wall, as shown in Figure 6A-3b. 
 
b) Maximum uniform pressure: 70 psig internal pressure. 
 
 
Thermal Loads 
 
The temperature gradients through the reactor shield wall are shown on Figure 3.8-59 for the 
operating and the postulated design accident conditions.  The design accident temperature 
gradient shown on Figure 3.8-59 occurs five minutes after LOCA.  This transient temperature 
gradient is used for the design of the reactor shield wall since it produces the largest stresses in the 
structure. 
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Missile and Pipe Rupture Loads 
 
The reactor shield wall is designed to withstand the missile and pipe rupture loads due to a 
postulated rupture of any high energy pipe that penetrates the reactor shield wall and connects to 
the reactor vessel, such as recirculation and feedwater pipes.  These loads include the effects of jet 
impingement, pipe whip, and pipe reaction.  Equivalent static loads are considered, which include 
an appropriate dynamic load factor to account for the dynamic nature of the load.  See Section 3.6 
for a further discussion of postulated pipe rupture loads. 
 
 
3.8.3.3.4  Suppression Chamber Columns 
 
The suppression chamber columns are designed using the plastic design methods of AISC, 
"Specification for the Design, Fabrication, and Erection of Structural Steel for Buildings,” dated 
1969, Part 2.  Table 3.8-5 lists the load combinations used for the design of the suppression 
chamber columns.  The columns are designed to resist the reaction loads from the drywell floor for 
the LOCA conditions.  Subsection 3.8.3.3.2 includes a description of the loads for the drywell floor.  
The abnormal loading conditions govern the design since they include the design basis accident 
pressure load, which is the critical load for columns. 
 
 
3.8.3.3.5  Drywell Platforms 
 
The drywell platforms are designed using working stress design methods except for the pipe 
restraints supported on the platforms.  The pipe restraints are designed to undergo local inelastic 
deformations due to postulated pipe rupture loads.  However, there is no loss of function of the pipe 
restraints since they will restrain any postulated pipe whip.  The built-up box beams that support 
the pipe restraints are designed to withstand all postulated pipe rupture loads.  Design accident 
pressure and operating and design accident thermal loads do not affect the design of the drywell 
platforms.  For the design of box beams, seismic loads due to dead weight of the beams may be 
neglected since these loads are insignificant relative to the pipe rupture loads.  For the design of 
the framing beams, seismic loads due to dead weight of the beams are small and may be 
neglected since these beams are laterally braced by other framing beams and by the grating.  The 
uniform design live load for the grating and framing beams is 200 psf.  The live load for the framing 
beams also includes the gravity load, thermal reaction load, and seismic SSE reaction load of all 
piping and equipment supported on the beams.  Table 3.8-6 lists the load combinations used to 
design the drywell platforms.  Pressure, thermal and seismic loads are not considered since they 
are not critical. 
 
 
3.8.3.3.6  Seismic Truss 
 
The seismic truss is designed using working stress design methods.  It is designed primarily for 
lateral seismic loads.  However, it is also designed for jet impingement loads due to the postulated 
rupture of a 26 in. diameter main steam pipe.  Design accident pressure and operating and design 
accident thermal loads do not affect the design of the seismic truss.  Table 3.8-7 lists the load 
combination used to design the seismic truss.  Pressure and thermal loads are not considered 
since they are not critical. 
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3.8.3.4  Design and Analysis Procedures 
 
This section describes the procedures used for the design and analysis of the containment internal 
structures.  The description does not include the effects of hydrodynamic loads from main steam 
safety/relief valve discharge and LOCA.  For a description of the design and analysis procedures 
that consider the effects of hydrodynamic loads, refer to GE's "Mark II Containment Dynamic 
Forcing Functions Report" (NEDO-21061) and the "Susquehanna Plant Design Assessment 
Report.” 
 
 
3.8.3.4.1  Drywell Floor 
 
The design and analysis procedures used for the drywell floor are similar to those used for the 
containment wall.  Used for the analysis are 3D/SAP, CECAP, ME620, and seismic analysis 
computer programs (Appendix 3.8A).  See Subsection 3.8.1.4.1 for a detailed description of the 
analysis procedures. 
 
Figure 3.8-60 shows the 3D/SAP finite element model used to analyze the drywell floor for all loads 
other than seismic loads.  A 15 degree wedge of the drywell floor is modeled using solid finite 
elements having linear elastic, isotropic material properties.  One vertical boundary plane goes 
through a suppression chamber column and the other is halfway between two columns.  The 
model includes the drywell floor, suppression chamber wall, reactor pedestal below the drywell 
floor, and a suppression chamber column.  Boundary conditions are imposed on the analytical 
model by specifying nodal point forces or displacements.  Referring to Figure 3.8-60, the nodal 
points lying along Boundary A are allowed to move within the X-Z plane, and Boundary B within the 
X-Y plane.  Points along Boundary C are prevented from moving in the hoop direction.  Points 
along Boundary D are prevented from moving in the radial direction to account for the restraining 
effect of the inner portion of the drywell floor.  Nodal forces, moments, and shears are applied to 
Boundaries E and F to account for reaction loads from the drywell wall and reactor pedestal above 
the drywell floor, respectively. 
 
Analytical techniques as described in Bechtel Topical Report BC-TOP-4-A (Ref. 2K of Table 3.8-1) 
are used to analyze the drywell floor for seismic loads. 
 
 
3.8.3.4.2  Drywell Floor Liner Plate and Anchorages 
 
The design and analysis of the drywell floor liner plate and anchorages is in accordance with 
Bechtel Topical Report BC-TOP 1 (Ref. 1K of Table 3.8-1).  The analysis of the liner plate and 
anchorages for attachment loads is done using membrane theory for the liner plate and the theory 
of beams on elastic foundations for the anchorages. 
 
 
3.8.3.4.3  Reactor Pedestal 
 
The reactor pedestal is designed for axisymmetric loads using the FINEL computer program 
(Appendix 3.8A).  The program performs a finite element, static analysis of axisymmetric structures 
with axisymmetric loading.  Both concrete and reinforcing steel materials are included in the model.  
Special material properties include bilinearity in compression and bilinearity or cracking in tension.  
The operating and design accident temperature gradients are computed using ME620 computer 
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program (Appendix 3.8A).  For transient loads such as design accident pressure and thermal 
loads, the most critical combination of these loads is considered.  Figure 3.8-34 shows a vertical 
section through the FINEL model of the containment used to analyze the reactor pedestal below 
the drywell floor.  Points along Boundary A are prevented from moving in the vertical direction and 
points along Boundary B are prevented from moving in the radial direction. 
 
Figure 3.8-61 shows the FINEL model used to analyze the reactor pedestal above the drywell floor.  
The model includes the reactor pedestal above the drywell floor and portions of the reactor vessel 
and the reactor shield wall.  Local thermal effects at the top of the reactor pedestal due to heat 
input from the reactor vessel are determined by using the ME620 computer program (Appendix 
3.8A).  Referring to Figure 3.8-61, nodal points along Boundary A are prevented from moving in the 
vertical and radial directions.  Nodal forces, moments, and shears are applied to Boundaries B and 
C to account for reaction loads from the reactor vessel and the reactor shield wall, respectively. 
 
Non-axisymmetric loads on the reactor pedestal include seismic loads and reactor vessel and 
reactor shield reaction loads.  Seismic forces, moments, and shears are calculated as described in 
Section 3.7.  Vertical forces, horizontal shears, and overturning moments at the base of the reactor 
shield wall are determined as described in Subsection 3.8.3.4.4. These loads are applied to the top 
of the reactor pedestal.  Concrete and reinforcing steel stresses in the reactor pedestal due to the 
above loads are calculated using the design methods of ACI 307.  ACI 307 includes equations for 
determining the neutral axis of reinforced concrete cylindrical shells subjected to axial force and 
overturning moment.  The position of the neutral axis satisfies the equilibrium of internal stresses 
and external forces and moments. 
 
Concrete and reinforcing steel stresses due to axisymmetric and non-axisymmetric loads are 
combined to determine the total stress.  Additional meridional, hoop, and shear reinforcement is 
provided at the top of the pedestal as shown in Dwg. C-341, Sh. 1 to resist local loads on the 
pedestal from the reactor vessel and the reactor shield.  The seismically-induced tangential shears 
on the reactor pedestal are considerably less than the seismically-induced tangential shears on the 
containment wall.  Therefore, helical reinforcement is not provided in the reactor pedestal in order 
to resist tangential shears.  Meridional and hoop reinforcement is designed to carry the entire 
tangential shear by shear friction using the design methods of ACI 318-71. 
 
 
3.8.3.4.4  Reactor Shield Wall 
 
The reactor shield wall is analyzed in two stages.  First, the effect of openings on the behavior of 
the reactor shield is investigated.  This is done to determine whether the shield may be analyzed 
as an axisymmetric cylindrical shell without openings or whether the openings cause local stress 
concentrations.  Loads considered for this analysis are design accident pressure and postulated 
pipe rupture loads.  The EASE computer program (Appendix 3.8A) is used for this analysis.  
Figure 3.8-62 shows the finite element model.  A full 360 degree section of the reactor shield wall is 
modeled using plate elements having linear elastic, isotropic material properties.  One 64 in. 
diameter recirculation outlet penetration and two adjacent 48 in. diameter recirculation inlet 
penetrations are included in the model.  Smaller finite elements are used in the area of the 
openings to obtain an accurate stress gradient.  Referring to Figure 3.8-62, points along 
Boundary A are prevented from moving in the vertical and radial directions.  Boundary B is a free 
edge.  The results of this analysis confirm that there are no significant local stress concentrations in 
the shield around the openings.  This is due to the stiffening of the shell that is provided by the 
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thick-walled penetration sleeves.  Therefore, the use of an axisymmetric analytical model without 
openings is justified. 
 
The second stage analyzes the reactor shield wall as an axisymmetric shell.  For axisymmetric 
loads, which include dead load and design accident thermal load, the FINEL computer program is 
used.  The most critical temperature gradient as determined by the ME620 computer program 
(Appendix 3.8A) is considered.  The FINEL program performs a finite element, static analysis of 
axisymmetric structures with axisymmetric loading.  For non-axisymmetric loads, which include 
design accident pressure load, seismic load, and pipe rupture load, the ASHSD computer program 
(Appendix 3.8A) is used.  The ASHSD program performs an elastic, finite element, static, or 
dynamic analysis of axisymmetric structures with non-axisymmetric loading.  The distribution of 
non-axisymmetric load around the shell is approximated by a Fourier series expansion.  
Figure 3.8-63 shows a vertical section through the model used for FINEL and ASHSD programs.  
Points along Boundary A are prevented from moving in the vertical and radial directions.  For 
non-axisymmetric loads, Boundary B at the connection of the seismic truss to the containment wall 
is prevented from moving in the radial direction.  Total stresses in the reactor shield wall are 
determined by summing the axisymmetric and non-axisymmetric stresses. 
 
 
3.8.3.4.5  Suppression Chamber Columns 
 
Axial force, shear, and moment in the columns due to axisymmetric loads, such as dead load and 
design accident pressure and thermal loads, are determined using the FINEL computer program 
(Appendix 3.8A).  Figure 3.8-34 shows the FINEL model of the containment used to analyze the 
suppression chamber columns.  A description of the program and the boundary conditions is given 
in Subsection 3.8.3.4.3.  Since the FINEL program can consider only axisymmetric structures, the 
12 columns are modeled as an equivalent cylinder having the cross-sectional area and axial 
stiffness of the columns.  Axial force in the columns is calculated from the axial stress determined 
by the FINEL program.  Shear and moment in the columns are calculated from relative 
displacements of the drywell floor and the base foundation slab determined by the FINEL program. 
 
Axial force, shear, and moment in the columns due to seismic loads are determined using several 
methods.  Axial force in the columns due to horizontal seismic load is determined using the ASHSD 
program (Appendix 3.8A).  Figure 3.8-64 shows the model.  Axisymmetric shell and solid finite 
elements having linear elastic, isotropic material properties are used.  Nodal points lying along 
Boundary A are prevented from moving in the vertical direction and points along Boundary B are 
prevented from moving in the radial direction.  The load applied to the ASHSD model is the seismic 
horizontal shear and overturning moment for the containment calculated as described in Section 
3.7. 
 
Shear and moment in the columns due to horizontal seismic load are determined using the 
analytical procedures described in Bechtel Topical Report BC-TOP-4-A (Ref. 2K of Table 3.8-1).  
The lumped mass model of the containment including columns and vent pipes is shown in 
Figure 3.8-65.  Since the vent pipes are laterally braced to the columns, shear and moment are 
produced in the columns due to seismic motion of the vent pipes. 
 
Axial force in the columns due to vertical seismic load is determined by applying the vertical forces 
calculated from the containment seismic analysis to the drywell floor at its connections to the 
containment wall and the reactor pedestal.  The vertical force transmitted to the columns through 
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the drywell floor is calculated considering the relative vertical stiffnesses of the containment wall, 
reactor pedestal, and columns. 
 
The postulated rupture of a 28 in. diameter recirculation loop pipe produces a vertical jet 
impingement load on the top of the drywell floor and, therefore, produces loads in the columns.  
Axial force, shear, and moment in the columns due to jet force is calculated by the CE 668 
computer program (Appendix 3.8A).  The program performs a static, linear elastic analysis of flat 
slabs of arbitrary dimensions subjected to arbitrary loading.  Figure 3.8-66 shows the 180 degree 
model of the drywell floor.  A vertical jet force is applied along the axis of symmetry and the 
reaction is calculated in the column adjacent to the applied load.  Edges of the drywell floor along 
Boundaries A and B are considered to be fixed supports.  Nodal points at the columns are fixed in 
the plane of the model. 
 
The total axial force, shear, and moment in the columns for all load combinations are determined 
by summing the results of the separate analyses.  Stability of the columns for the most critical load 
combination is checked using the plastic design methods of AISC, "Specification for the Design, 
Fabrication, and Erection of Structural Steel for Buildings,” dated 1969, Part 2 (Ref. 1H of 
Table 3.8-1). 
 
 
3.8.3.4.6  Drywell Platforms 
 
The drywell platforms are designed using conventional elastic design methods which conform to 
the AISC Specification, 1969, Part 1 (Ref. 1H of Table 3.8-1). 
 
 
3.8.3.4.7  Seismic Truss 
 
Seismic forces in the seismic truss are calculated using the methods described in Bechtel Topical 
Report BC-TOP-4-A (Ref. 2K of Table 3.8-1).  Axial force, shear force, and moment in the seismic 
truss due to postulated pipe rupture loads are calculated using moment distribution.  Figure 3.8-67 
shows the rigid frame model including boundary conditions. 
 
 
3.8.3.5  Structural Acceptance Criteria 
 
3.8.3.5.1  Reinforced Concrete 
 
The allowable stresses for the reinforced concrete portions of the containment internal structures 
are the same as the allowable stresses for the reinforced concrete portions of the containment.  
See Subsection 3.8.1.5.1 for a description. 
 
 
3.8.3.5.2  Drywell Floor Liner Plate and Anchorages 
 
The structural acceptance criteria for the drywell floor liner plate and anchorages are the same as 
the structural acceptance criteria for the containment liner plate and anchorages. See 
Subsection 3.8.1.5.2 for a description.  
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3.8.3.5.3  Structural Steel 
 
Structural steel portions of the containment internal structures include the reactor shield wall, 
suppression chamber columns, drywell platforms, and seismic truss.  For normal loading 
conditions, the allowable stresses are in accordance with the AISC Specification (Ref. 1H of 
Table 3.8-1). 
 
For extreme environmental and abnormal loading conditions, the allowable stresses are as follows: 
 
a) Bending - 0.90 Fy 
 
b) Axial tension or compression - 0.85 Fy except, where allowable stress is governed by 

requirements of stability (local or lateral buckling), allowable stress shall not exceed 1.5 Fs. 
 
c) Shear - 0.50 Fy 
 
 
For extreme environmental and abnormal loading conditions, the allowable stress for bolted and 
welded connections is 1.7 Fs. 
 
The allowables are defined as: 
 

Fs = Allowable stress according to the AISC 
  Specification, Part 1 (Ref. 1H of Table 3.8-1) 

 
Fy = Specified yield strength of structural steel 

 
 
3.8.3.6  Materials, Quality Control, and Special Construction Techniques 
 
3.8.3.6.1  Concrete Containment Internal Structures 
 
The concrete and reinforcing steel materials for the containment internal structures are discussed 
in Appendix 3.8B.  Concrete design compressive strengths are given in Table 3.8-11. 
 
 
3.8.3.6.2  Drywell Floor Liner Plate, Anchorages, Attachments 
 
3.8.3.6.2.1  Materials 
 
Liner plate materials conform to the requirements of the standard specifications listed below: 
 

Item Specification 
Liner plate (less than1/2 in. thick) ASTM A 285, Grade A 
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Liner plate (1/2 in. thick or thicker) ASME SA-516, Grade 60 or 70 conforming to the 
requirements of ASME Boiler and Pressure 
Vessel Code (ASME B&PV Code), 1971 Edition 
with Addenda through Summer 1972, Section III, 
Article NE-2000, Materials 

Anchorages and attachments ASTM A 36 
 
 
3.8.3.6.2.2  Welding 
 
Welding requirements for the drywell floor liner plate and anchorages are the same as the welding 
requirements for the containment liner plate and anchorages.  See Subsection 3.8.1.6.2.2 for a 
description of the welding requirements. 
 
 
3.8.3.6.2.3  Nondestructive Examination of Liner Plate Seam Welds 
 
Nondestructive testing of liner plate welds is performed in accordance with Regulatory Guide 1.19, 
Revision 1. 
 
Liner plate seam welds are 100 percent magnetic particle examined.  Liner plate seam welds are 
also 100 percent vacuum box soap bubble tested.  Welds that are inaccessible for vacuum box 
testing are 100 percent liquid penetrant tested.  Examination procedures, personnel qualification, 
and acceptance standards are in accordance with Subsection 3.8.1.6.2.4. 
 
 
3.8.3.6.2.4  Erection Tolerances 
 
The specified levelness of anchorages placed in the drywell floor is within -1-1/4 in. of the 
theoretical elevation over the entire area, plus a local tolerance of ±1/8 in. in any 30 ft. length.  
Actual deviations from the above were handled in accordance with quality control procedures 
covered in Appendix D and amendments to the PSAR. 
 
 
3.8.3.6.3  Reactor Shield Wall and Seismic Truss 
 
3.8.3.6.3.1  Materials 
 

Item Specification 
Inner and outer plates, seismic truss, pipe restraints, 
etc. 

ASTM A 588, Grade A or B 

  
Internal stiffeners ASTM A 36 
  
Seismic Truss Male Stabilizer Block ASME SA 181, Grade II 
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3.8.3.6.3.2  Welding and Nondestructive Examination of Welds 
 
Welding and nondestructive examination is performed in accordance with AWS D1.1. 
 
 
3.8.3.6.3.3  Materials Testing 
 
The 1-1/2 in. thick outer plate and other plates subjected to transverse tensile stress are vacuum 
degassed and ultrasonically tested in accordance with supplementary requirements S-1 and S-8.1, 
respectively, of ASTM A 20-72a. 
 
 
3.8.3.6.3.4  Erection Tolerances 
 
The specified erection tolerances for the reactor shield are as follows: 
 
a) The radial dimension from the as-built centerline of the reactor vessel to any point on the 

reactor shield is within 3/8 in. of the theoretical radius. 
 
b) The top of the reactor shield is set within 1/4 in. of its theoretical elevation. 
 
c) The azimuths of the shield penetrations are within 1/2 in. of the theoretical azimuths. 
 
d) Seismic truss members do not deviate from axial straightness by more than 1/1000 of axial 

length. 
 
Actual deviations from the above were handled in accordance with procedures covered in 
Appendix D and amendments to the PSAR. 
 
 
3.8.3.6.4  Suppression Chamber Columns 
 
3.8.3.6.4.1  Materials 
 
The column shafts, base plates, and top plates are fabricated of ASME SA-516, Grade 70 material. 
 
 
3.8.3.6.4.2  Welding 
 
Weld procedures and qualifications conform to the provisions of Section IX and Section VIII, 
Division 1 of the ASME Boiler and Pressure Vessel Code, 1971 Edition with addenda through 
Summer 1972.  All welders are qualified in accordance with Section IX of the ASME Code. 
 
 
3.8.3.6.4.3  Nondestructive Examination of Welds 
 
Nondestructive examinations conform to Section V of the ASME B&PV Code, 1971 Edition with 
addenda through Summer 1972.  All personnel performing nondestructive examination are 
qualified in accordance with the American Society for Nondestructive Testing's Recommended 
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Practice No. SNT-TC-1A and its applicable supplements.  Acceptance standards conform to 
Section VIII, Division 1 of the ASME Code. 
 
 
3.8.3.6.4.4  Fabrication and Erection Tolerances 
 
The specified fabrication and erection tolerances for suppression chamber columns are as follows: 
 
a) The outside diameter, based on circumferential measurements, does not deviate from the 

theoretical outside diameter by more than 0.5 percent. 
 
b) Out-of-roundness, defined by the difference between the maximum and minimum 

diameters related to the theoretical diameter, is in accordance with ASME Code, Section 
VIII, Division 1, Paragraph UG-80. 

 
c) The finished length does not differ from the theoretical length by more than 1/4 in. 
 
d) The finished column shaft does not deviate from straightness by more than 1/8 in. in 1 ft, 

with a maximum for the full length of 1/1000 of the total length. 
 
e) Erection tolerances are in accordance with the AISC Specification (Ref. 1H and 2H of 

Table 3.8-1). 
 
Actual deviations from the above were handled in accordance with procedures covered in 
Subsection 3.8.3.6.6. 
 
 
3.8.3.6.5  Drywell Platforms 
 
3.8.3.6.5.1  Materials 
 
Item Specification (or Engineer Approved Equal) 

Box Beams ASTM A 441 

Rolled Shapes ASTM A 36 

Connection Bolts ASTM A 325 
 
 
3.8.3.6.5.2  Welding and Nondestructive Examination of Welds 
 
Welding and nondestructive examination is performed in accordance with AWS D1.1. 
 
 
3.8.3.6.5.3  Erection Tolerances 
 
Erection tolerances for the drywell platforms are in accordance with AISC Specification (Ref. 2H of 
Table 3.8-1). 
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3.8.3.6.6  Quality Control 
 
Quality control requirements for construction are discussed in Appendix D and amendments to the 
PSAR. 
 
 
3.8.3.7  Testing and In-service Inspection Requirements 
 
3.8.3.7.1  Preoperational Testing 
 
3.8.3.7.1.1  Structural Acceptance Test 
 
The drywell floor is tested to 1.15 times the design downward differential pressure.  See 
Subsection 3.8.1.7.1.1 for a description of the structural acceptance tests. 
 
Deflections and strains of the drywell floor measured during the Unit 1 test were less than the 
predicted values.  Thus, the design of the drywell floor provides an adequate safety margin against 
internal pressure.  Figure 3.8-68 shows a comparison between measured and predicted deflections 
for the drywell floor at peak differential pressure. 
 
 
3.8.3.7.1.2  Leak Rate Testing 
 
Preoperational leak rate testing is discussed in Subsection 6.2.6. 
 
 
3.8.3.7.2  In-service Leak Rate Testing 
 
In-service leak rate testing is discussed in Subsection 6.2.6. 
 
 
3.8.4  OTHER SEISMIC CATEGORY I STRUCTURES 
 
This section gives information on all Seismic Category I structures except the primary containment 
and its internals.  It also describes non-seismic Category I structures designated with a safety 
classification of “other”.  The structures included in this section are as follows: 
 

Seismic Category I Structures 
 

Reactor Building 
 

Control Building 
 

Diesel Generator 'A-D' Building 
 

Diesel Generator 'E' Building 
 

Engineered Safeguards Service Water Pumphouse 
 

Spray Pond 
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Non-Seismic Category I, Structures Designated with a Safety Classification of “Other” 
 

Turbine Building 
 

Radwaste Building 
 
The general arrangement of these structures is shown on Dwgs. A-11, Sh. 1, A-12, Sh. 1, A-13, 
Sh. 1, M-203, Sh. 1, M-204, Sh. 1, A-16, Sh. 1, and A-17, Sh. 1.  Figures 3.8-77 and 3.8-78.  
Dwgs. M-227, Sh. 1, M-237, Sh. 1, M-260, Sh. 1, M-261, Sh. 1, M-5200, Sh. 1, M-5200, Sh. 2, 
M-284, Sh. 1, C-64, Sh. 1, C-65, Sh. 1, C-66, Sh. 1, and C-67, Sh. 1, M-270, Sh. 1, M-271, Sh. 1, 
M-272, Sh. 1, M-273, Sh. 1, and M-274, Sh. 1. 
 
 
3.8.4.1  Description of the Structures 
 
Reactor Building 
 
Refer to Dwgs. A-11, Sh. 1, A-12, Sh. 1, A-13, Sh. 1, M-203, Sh. 1, M-204, Sh. 1, A-16, Sh. 1, 
A-17, Sh. 1, Figures. 3.8-77, 3.8-78 and Dwg. A-17, Sh. 1. 
 
The reactor building encloses the primary containment, and provides secondary containment when 
the primary containment is in service during power operation.  It also serves as containment during 
reactor refueling and maintenance operations, when the primary containment is open.  It houses 
the auxiliary systems of the nuclear steam supply system, new fuel storage vaults, the refueling 
facility, and equipment essential to the safe shutdown of the reactor. 
 
The reactor building, up to and including the operating floor, is of reinforced concrete on a mat 
foundation.  The bearing walls are of reinforced concrete and are designed as shear walls to resist 
lateral loads.  The floors are of reinforced concrete supported by a steel beam and column framing 
system and are designed as diaphragms to resist lateral load.  The framing runs in both east-west 
and north-south directions, with the exterior ends of the beams supported by either the bearing 
walls or steel columns.  The steel columns are supported by base plates on the mat foundation.  
The reinforced concrete walls and floors meet structural as well as radiation shielding 
requirements.  Where structurally permissible, concrete block masonry walls are used at certain 
locations to provide better access for erection and installation of equipment.  The block walls also 
meet the radiation shielding requirements. 
 
The reactor building superstructure above the operating floor is a steel structure.  The structural 
steel framing supports the roof, metal siding, and overhead cranes.  The framing consists of a 
series of rigid frames connected by roof and wall bracing systems.  The roof consists of built-up 
roofing on metal deck. 
 
The refueling facility is located above the containment structure.  It consists of spent fuel pool, fuel 
shipping cask storage pool, steam dryer and separator storage pool, reactor cavity, skimmer surge 
tank vault, and load center room.  The facility is supported by two reinforced concrete girders 
running north-south, spanning over the containment.  The girders are supported at the ends by 
concrete walls and at intermediate points by steel box columns.  A gap is provided between the 
bottom of the girders and the top of the containment to ensure that loads from the refueling facility 
are not transferred to the containment.  The walls and slabs of the spent fuel pool, the fuel shipping 
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cask storage pool, the reactor cavity, and the steam dryer and separator storage pool are lined on 
the inside with a stainless steel liner plate.  The facility meets the radiation shielding requirements. 
 
The reactor building is separated from the primary containment by a gap, except at the foundation 
level, where a cold joint is provided between the two mats.  A gap is also provided at the interface 
of the reactor building with the diesel generator and turbine buildings. 
 
Control Building 
 
Refer to Dwgs. A-11, Sh. 1,  A-12, Sh. 1,  A-13, Sh. 1,  M-203, Sh. 1,  M-204, Sh. 1, A-16, Sh. 1 
and Figure 3.8-77. 
 
The control building houses the control room, the cable spreading rooms, computer and relay 
room, the battery room, H&V equipment room, off-gas treatment room, and the visitors' gallery for 
the control room. 
 
The control building is structurally integrated with the reactor building.  It is a reinforced concrete 
structure on a mat foundation.  The bearing walls are of reinforced concrete and are designed as 
shear walls to resist lateral loads.  The floors and roof are of reinforced concrete supported by steel 
beams, and are designed as diaphragms to resist lateral loads.  The beams span in the east-west 
direction and are supported by the bearing walls at the ends.  The reinforced concrete walls and 
floors meet structural as well as radiation shielding requirements.  Where structurally permissible, 
concrete block masonry walls are used at certain locations to provide better access for erection 
and installation of equipment.  The block walls also meet the radiation shielding requirements. 
 
The control building is separated from the turbine building by a gap, except at the foundation level, 
where a cold joint is provided between the two mats. 
 
Diesel Generator 'A-D' Building 
 
Refer to Dwgs. M-260, Sh. 1 and M-261, Sh. 1. 
 
The diesel generator 'A-D' building houses diesel generators A, B, C and D which are essential for 
safe shutdown of the plant. 
 
The diesel generators are separated from each other by concrete walls.  A concrete overhang on 
the east side of the building serves as an air intake plenum.  A concrete plenum for diesel exhaust 
is located on the roof. 
 
It is a reinforced concrete structure on a mat foundation.  The bearing walls are of reinforced 
concrete and are designed as shear walls to resist lateral loads.  The floors and roof are of 
reinforced concrete supported by steel beams, and are designed as diaphragms to resist lateral 
loads.  The south side of the building interfaces with the reactor building; there, a reinforced 
concrete wall is provided from foundation up to the design high water table level and then a steel 
frame is provided up to the roof.  Where structurally permissible, concrete block masonry walls are 
used at certain locations to provide better access for erection and installation of equipment. 
 
The diesel generators are supported by reinforced concrete pedestals.  The pedestals are 
separated from the operating floor by a gap to allow for their independent vibration. 
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Diesel Generator 'E' Building 
 
Refer to Dwgs. M-5200, Sh. 1 and M-5200, Sh. 2. 
 
The Diesel Generator 'E' Building houses diesel generator E which is used to replace one of the 
A-D diesel generators. 
 
Openings for air intake and diesel exhaust are flush with the north and south exterior walls, 
respectively.  Interior plenums are provided for missile protection. 
 
It is a reinforced concrete structure on a mat foundation.  The bearing walls are of reinforced 
concrete and are designed as shear walls to resist lateral loads.  The floors and roof are of 
reinforced concrete and are designed as diaphragms to resist lateral loads.  The building is a 
free-standing detached structure with no other building in the immediate vicinity.  Concrete block 
masonry walls are not used in this building. 
 
Diesel Generator E is supported by a reinforced concrete pedestal.  The pedestal is separated 
from the operating floor by a gap to allow for their independent vibration. 
 
Engineered Safeguards Service Water (ESSW) Pumphouse 
 
Refer to Dwg. M-284, Sh. 1. 
 
The ESSW Pumphouse contains the Emergency Service Water (ESW) and Residual Heat 
Removal Service Water (RHRSW) pumps and the weir and discharge conduit for the spray pond.  
 
It is a two-story reinforced concrete structure on a mat foundation.  The bearing walls are of 
reinforced concrete and are designed as shear walls to resist lateral loads.  The operating floor and 
roof are of reinforced concrete supported by steel beams and are designed as diaphragms to resist 
lateral loads.  A mezzanine floor composed of grating over steel beams is provided to support the 
heating and ventilating equipment. 
 
Spray Pond 
 
Refer to Dwgs. C-64, Sh. 1, C-65, Sh. 1,  C-66, Sh. 1, and C-67, Sh. 1. 
 
The spray pond is a reservoir, free form in shape, which holds approximately 25 million gal. of 
water during normal operation.  The water surface area is approximately eight acres and has a 
depth of approximately 10 ft. 6 in.  It is designed so that normal operating water is retained in 
excavation alone, i.e., not by constructed embankments.  Embankments are provided to ensure a 
minimum freeboard of 3 ft. and to direct flood water away from safety related facilities in a 
controlled manner. 
 
The ESSW pumphouse is located at the southeast corner of the spray pond.  A reinforced concrete 
liner covers the entire spray pond and is integrated with the outer walls of the ESSW pumphouse. 
 
The water level in the pond is controlled by a weir housed in the ESSW pumphouse.  During 
normal operation, excess water is discharged into the Susquehanna river via a conduit from the 
ESSW pumphouse. 
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An emergency spillway is provided at the east end of the pond.  The only anticipated use of this 
spillway will be either during a malfunction of the discharge conduit leading out of the ESSW 
pumphouse or during certain postulated flood conditions.  This is discussed in Subsection 2.4.8.  
The ESSW and RHRSW pipes enter the south side of the pond and traverse to the spray bank 
areas buried in 18 in. of concrete, provided as missile protection.  Concrete columns support the 
riser pipes in the spray bank areas. 
 
Turbine Building 
 
Refer to Dwgs. A-11, Sh. 1,  A-12, Sh. 1,  A-13, Sh. 1,  M-203, Sh. 1,  M-204, Sh. 1,  A-16, Sh. 1, 
Figure 3.8-77, Dwg  M-227, Sh. 1, and M-237, Sh. 1. 
 
The turbine building is divided into two units with an expansion joint separating the two units.  It 
houses two in-line turbine generator units and auxiliary equipment including condensers, 
condensate pumps, moisture separators, air ejectors, feedwater heaters, reactor feed pumps, 
motor-generator sets for reactor recirculating pumps, recombiners, interconnecting piping and 
valves, and switchgears. 
 
Two 220-ton overhead cranes are provided above the operating floor for service of both turbine 
generator units.  Two reinforced concrete tunnels, one for each unit, are provided for the off-gas 
pipelines at the foundation level between the recombiners and the radwaste building.  Reinforced 
concrete tunnels are also provided for the main steam lines below the operating floor from the 
reactor building to the condenser areas of the turbine generators. 
 
The turbine building rests on a reinforced concrete mat foundation.  The superstructure is framed 
with structural steel and reinforced concrete.  Rigid steel frames support the two 220 ton cranes.  
They also resist all transverse (east-west) lateral loads.  Steel bracings resist longitudinal 
(north-south) lateral loads above the operating floor.  Below this level, reinforced concrete shear 
walls transfer all lateral loads to the foundations. 
 
A seismic separation gap, also serving as an expansion joint, is provided near the center of the 
building between the two units.  Seismic separation gaps are also provided at the interface of 
turbine building with the reactor, control, and radwaste buildings. 
 
The floors of the turbine building are of reinforced concrete on structural steel beams.  They are 
designed as diaphragms for lateral load transfer to the shear walls.  The roof is built-up roofing on 
metal decking. 
 
Exterior walls are precast reinforced concrete panels except for the upper 30 ft. which are metal 
siding. 
 
Interior walls required for radiation shielding or fire protection are constructed of reinforced concrete 
block.  These walls are not used as elements of the load resistant system. 
 
The turbine generator units are supported on freestanding reinforced concrete pedestals. The mat 
foundations for the pedestals are founded on rock at the same level as the base mat for the turbine 
building.  Separation joints are provided between the pedestals and the turbine building floors and 
walls to prevent transfer of vibration to the building.  The operating floor of the building is supported 
on vibration damping pads at the top edge of the pedestal.   
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Radwaste Building 
 
Refer to Dwgs.  M-270, Sh. 1,  M-271, Sh. 1,  M-272, Sh. 1, M-273, Sh. 1 and M-274, Sh. 1. 
 
The radwaste building houses systems for receiving, processing, and temporarily storing the 
radioactive waste products generated during the operation of the plant.  It is a reinforced concrete 
structure on a mat foundation.  The bearing walls are of reinforced concrete and are designed as 
shear walls to resist lateral loads.  The floors and roof are of reinforced concrete supported by a 
beam and column framing system and are designed as diaphragms to resist lateral loads.  The 
columns are supported by base plates on the mat foundation.  The reinforced concrete walls and 
floor meet structural as well as radiation shielding requirements.  Where structurally permissible, 
concrete block masonry walls are used at certain locations to provide better access for erection 
and installation of equipment.  The block walls also meet the radiation shielding requirements. 
 
The radwaste building is separated from the turbine building by a gap. 
 
 
3.8.4.2  Applicable Codes, Standards, and Specifications 
 
The codes, standards, and specifications used in the design, fabrication, and construction of the 
structures listed in Subsection 3.8.4 are shown in Table 3.8-1. 
 
 
3.8.4.3  Loads and Load Combinations 
 
The following loads and load combinations are considered in the design of Seismic Category I 
structures (other than the containment). 
 
 
3.8.4.3.1  Description of Loads 
 
For a general description of loads, see Subsection 3.8.1.3.2. 
 
 
3.8.4.3.2  Load Combinations 
 
Table 3.8-8 describes the load combinations applicable to the reactor building.  Tables 3.8-9 and 
3.8-9a contain the load combinations applicable to Seismic Category I structures other than the 
reactor building.  Table 3.8-10 describes the load combinations used in the design of the turbine 
and the radwaste buildings. 
 
 
3.8.4.4  Design and Analysis Procedures 
 
The structures described in Subsection 3.8.4.1 are designed to maintain elastic behavior under 
various loads and their combinations.  The loads and the load combinations are fully described in 
Subsection 3.8.4.3.  All reinforced concrete components of the structure are designed by the 
strength method per ACI 318 and ACI 349 (Ref 10A and 12A of Table 3.8-1).  All structural steel 
components are designed by the working stress method per AISC specification (Ref 1H of 
Table 3.8-1).  Determination of wind and tornado loads is described in Section 3.3. 
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Seismic design of structures is described in Section 3.7.  The buildings are analyzed dynamically. 
 
Design of structure for missile protection is covered in Subsection 3.5.3. 
 
Computer programs STRESS and ICES STRUDL-II (Ref 1 and 2, respectively, of 
Subsection 3.8.4.8) are used to analyze structural steel framing. 
 
The refueling facility of the reactor building is designed based on finite element analysis by use of 
computer program MRI/STARDYNE 3 (Ref 3 of Subsection 3.8.4.8). 
 
The spray pond is basically a concrete-lined soil structure.  Its design is discussed in 
Subsection 2.5.5. 
 
Concrete masonry blockwalls in all Seismic Category I structures have been analyzed dynamically 
as described in Section 3.7b.3.l.5.  They are designed for out-of-plane and in-plane inertia forces 
generated by the mass of the blockwall and attachment loads, combined with other loads as 
described in Tables 3.8-8 and 3.8-9.  Walls in the turbine and radwaste buildings have been 
designed for seismic loads per UBC (Ref. 1L of Table 3.8-1). 
 
 
3.8.4.5  Structural Acceptance Criteria 
 
Reinforced Concrete 
 
The reinforced concrete structural components are designed by the strength method per ACI 318 
and ACI 349 (Ref 10A and 12A of Table 3.8-1) for loads and load combinations described in 
Subsection 3.8.4.3. 
 
Structural Steel 
 
The structural steel components are designed by the working stress method per AISC specification 
(Ref 1H of Table 3.8-1) for loads and load combinations described in Section 3.8.4.3.  The 
allowable stresses for different load combinations are indicated therein. 
 
Concrete Block Masonry Walls 
 
All masonry blockwalls are reinforced walls and do not act as shear walls.  Masonry blockwalls are 
designed by the working stress method per UBC (Ref. 1L of Table 3.8-1).  The allowable loads per 
UBC Tables 24-B or 24-H (special inspection) are modified as described in Tables 3.8-8, 3.8-9 and 
3.8-12, except as noted below. 
 
For double wythe walls designed as composite sections and having concrete or grout infill 
thickness of 8 inches or more, the allowable shear or tension between masonry block and infill is 
1/1 'f  i.e. 43 psi.  However, the actual design stress does not exceed 15 psi.  For other double 
wythe walls, allowable shear/tension stress is assumed to be zero at the interface. 
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3.8.4.6  Materials, Quality Control, and Special Construction Techniques 
 
3.8.4.6.1  Concrete and Reinforcing Steel 
 
The concrete and reinforcing steel materials are discussed in Appendix 3.8B.  Concrete design 
compressive strengths are given in Table 3.8-11.  Materials for concrete block masonry walls are 
discussed in Appendix 3.8C. 
 
 
3.8.4.6.2  Structural Steel 
 
3.8.4.6.2.1  Materials 
 
The various structural steel components conform to the following specifications: 
 
Item Specification (or Engineer Approved Equal) 

 
Beams, girder, and plates ASTM A36 and ASTM A588 
  
Box columns including base plates  
and cap plates 

ASTM A588 

  
Structural tubing ASTM A500 and ASTM A501 
  
High strength bolts ASTM A325 and ASTM A490 
  
Studs AWS D1.1 
  
 
 
3.8.4.6.2.2  Welding and Nondestructive Testing 
 
Welding and nondestructive testing is performed in accordance with either AWS D1.1 (Ref. 1B of 
Table 3.8-1) or Section IX of the ASME Code (Ref. 1J of Table 3.8-1). 
 
 
3.8.4.6.2.3  Fabrication and Erection 
 
The fabrication and erection of structural steel conforms to the AISC specification (Ref. 1H, 2H and 
3H of Table 3.8-1). 
 
 
3.8.4.6.2.4  Quality Control 
 
Quality control of structural steel for the construction phase is discussed in Appendix D of the 
PSAR and amendments to the PSAR. 
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3.8.4.6.3  Special Construction Techniques 
 
Techniques involved in the construction of Seismic Category I structures are standard construction 
procedures. 
 
 
3.8.4.7  Testing and In-service Inspection Requirements 
 
Testing and in-service inspection are not required for Seismic Category I structures (other than the 
containment). 
 
 
3.8.4.8  Computer Programs Used in the Design and Analysis of Other Seismic Category I 
 Structures            
 
1) STRESS, Department of Civil Engineering, Massachusetts Institute of Technology 
 
2) ICES STRUDL-II, Department of Civil Engineering, Massachusetts Institute of Technology 
 
3) MRI/STARDYNE (Version 3), Control Data Corporation. 
 
For other computer programs refer to Subsection 2.5.5 and Section 3.7 
 
 
3.8.5  FOUNDATIONS 
 
This subsection describes foundations for all Seismic Category I structures except the spray pond.  
The spray pond is basically a soil structure and its design is discussed in Subsection 2.5.5.  
Descriptions of foundations for non-seismic Category I structures designated with a safety 
classification of “other” such as the turbine building and the radwaste building, are also included in 
this section. 
 
 
3.8.5.1  Description of the Foundations 
 
Typical details of the foundations for various structures are shown on Dwg.  C-795, Sh. 1. 
 
 
Reinforced concrete mat foundations have been provided for all structures.  The mats rest on 
sound rock except the ESSW pumphouse mat is supported by natural soil. 
 
All bearing walls of the structures are rigidly connected to the foundation mat.  Where steel 
columns are provided, they are attached to the mat by base plates and anchor bolts. The bearing 
walls and the steel columns carry all the vertical loads from the structure to the mat.  Horizontal 
shears due to wind, tornado, and seismic loads are transferred to the shear walls by the roof and 
floor diaphragms.  The shear walls transfer the horizontal shears to the foundation mat and from 
there to the foundation medium through friction.  Also, as shown on Dwg.  C-795, Sh. 1, the sides 
of the base mats of all the structures except the ESSW pumphouse are keyed to the foundation 
rock all around by poured concrete, which helps in transferring the horizontal shears to the 
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foundation rock.  The edges of the ESSW pumphouse base mat are poured directly against the 
excavated slopes of the natural soil formation. 
A mudmat (unreinforced concrete layer) is provided between the base of the foundation mat and 
the foundation medium.  Except for the ESSW pumphouse, a waterproofing membrane is provided 
in the mudmat and on the outside face of peripheral subterranean walls.  Perforated pipes are 
provided around the periphery of the buildings to collect groundwater seepage and drain it to the 
sumps.  Waterproofing membrane under the ESSW pumphouse foundation mat is not considered 
necessary as the predicted groundwater table at the pumphouse site is well below the foundation 
mat (refer to Subsection 2.5.5). 
 
Peripheral subterranean walls are designed to resist lateral pressures due to backfill, groundwater, 
and surcharge loads, in addition to dead loads, live loads, and seismic loads. 
 
Containment:  The containment foundation is described in Subsection 3.8.1. 
 
Reactor Building and Control Building 
 
The foundation mats of the reactor and control buildings are poured monolithically. 
 
The reactor building foundation mat is approximately 4 ft. 9 in. thick and is reinforced typically with 
#11 bars at 12 in. centers at top and bottom in both the north-south and east-west directions.  The 
mat surrounds the containment mat, with a cold joint separating the two. 
 
The control building foundation mat is about 2 ft. 6 in. thick and is reinforced typically with #8 bars 
at 12 in. centers at top and bottom in the north-south direction and #11 bars at 12 in. centers at top 
and #8 bars at 12 in. centers at bottom in the east-west direction.  A cold joint is provided between 
the control and the turbine building mats. 
 
Diesel Generator Buildings: 
 
The foundation mats of the diesel generator 'A-D' and 'E' buildings are approximately 2 ft. 6 in. thick 
and 3 ft. 10 in. thick, respectively.  The foundation mats are reinforced typically with #9 bars at 12 
in. centers at top and bottom in both the north-south and east-west directions.  Cold joints are 
provided between the diesel generator pedestals and the diesel generator building mats. 
 
SSW Pumphouse:  The foundation mat of the ESSW pumphouse is about 3 ft. thick and is 
reinforced typically with #9 bars at 12 in. centers at top and bottom in both the north-south and 
east-west directions. 
 
Turbine Building:  The turbine building mat is approximately 2 ft. 6 in. thick and is reinforced 
typically with #6 bars at 12 in. centers at top and bottom in both the north-south and east-west 
directions.  A cold joint is provided between the turbine pedestal mat and the turbine building mat. 
 
Radwaste Building:  The radwaste building mat is about 3 ft. thick and is reinforced typically with #9 
bars at 12 in. centers at top and bottom in both the north-south and east-west directions. 
 
 
3.8.5.2  Applicable Codes, Standards, and Specifications 
 



SSES-FSAR 
Text Rev. 56 
 
 

FSAR Rev. 65 3.8-50 

The codes, standards, and specifications used in the design, fabrication, and construction of 
foundations of structures are listed in Table 3.8-1. 
 
3.8.5.3  Loads and Load Combinations 
 
The loads and load combinations used in the design of the containment foundation are described 
in Subsection 3.8.1.3.  The loads and load combinations used in the design of foundations of other 
Seismic Category I structures are discussed in Subsection 3.8.4.3.  In addition, the following load 
combinations are considered to determine the factors of safety against sliding and overturning due 
to winds, tornadoes, and seismic loads, and against flotation due to groundwater pressure:  
 

a) D+H+W 
 
b) D+H+W' 
 
c) D+H+E 
 
d) D+H+E' 
 
e) D+F where: 

 
 D, W, W', E, and E' are as described in Subsections 3.8.1.3 and 3.8.4.3 and H and F are as 

follows: 
 

H = Lateral earth pressure 
F = Buoyant force due to groundwater pressure. 

 
 
3.8.5.4  Design and Analysis Procedures 
 
The foundations are generally designed to maintain elastic behavior under different loads and their 
combinations.  The loads and the load combinations are described in Subsection 3.8.5.3.  The 
design and analysis of the reinforced concrete mat foundations have been carried out in 
accordance with ACI 318.  Design and analysis of the reinforced concrete mat foundation was also 
carried out in accordance with ACI 349 for the Diesel Generator 'E' Building.  (Refs 10A and 12A of 
Table 3.8-1.) 
 
The bearing walls and the steel columns carry all the vertical loads from the structure to the 
foundation mat.  The lateral loads are transferred to the shear walls by the roof and floor 
diaphragms, which then transmit them to the foundation mat.  Determination of overturning 
moment due to seismic loads is discussed in Subsection 3.7b.2.14. 
 
Except for ESSW pumphouse, settlement of the foundations of Seismic Category I structures is 
considered negligible as the foundations are supported by sound rock.  The settlement of the 
ESSW pumphouse mat is considered in the design and is discussed in Subsection 2.5.4. 
 
As explained in Subsection 3.8.5.1 and shown in Dwg.  C-795, Sh. 1, the sides of the foundation 
mats (except for the ESSW pumphouse) are keyed to the rock by poured concrete, which resists 
sliding of the mats.  Stability against sliding for the ESSW pumphouse is maintained by the friction 
on the underside of the basemat and passive resistance of the soil against the edge of the mat. 
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Detailed description of the foundation rock and soil is contained in Subsections 2.5.4 and 2.5.5.  
For design purposes, the allowable bearing pressures of rock and soil are 40 and 2.5 tons/sq. ft., 
respectively.  The calculated bearing pressures for loads and load combinations described in 
Subsection 3.8.5.3 do not exceed these allowable values. 
 
The design and analysis of the containment foundation mat are discussed in detail in 
Subsection 3.8.1.4. 
 
 
3.8.5.5  Structural Acceptance Criteria 
 
The foundations of all Seismic Category I structures are designed to meet the same structural 
acceptance criteria as the structures themselves.  These criteria are discussed in 
Subsections 3.8.1.5 and 3.8.4.5.  In addition, for the additional load combinations delineated in 
Subsection 3.8.5.3, the minimum allowable factors of safety against overturning, sliding, and 
flotation are as follows: 
 
Minimum Factors of Safety 
Load Combination Overturning Sliding Flotation 

a) D+H+W 1.5 1.5 - 

b) D+H+W' 1.1 1.1 - 

c) D+H+E 1.5 1.5 - 

d) D+H+E' 1.1 1.1 - 

e) D+F - - 1.1 
 
 
The calculated factors of safety exceed the above minimum factor of safety. 
 
 
3.8.5.6  Materials, Quality Control, and Special Construction Techniques 
 
The foundations of Seismic Category I structures are constructed of reinforced concrete.  The 
concrete and reinforcing steel materials are discussed in Appendix 3.8B.  Concrete design 
compressive strengths are given in Table 3.8-11.  Techniques involved in the construction of these 
foundations are standard construction procedures. 
 
 
3.8.5.7  Testing and In-service Inspection Requirements 
 
The containment foundation is load tested during the structural acceptance test as described in 
Subsection 3.8.1.7.  An in-service surveillance program to monitor the settlement of the ESSW 
pumphouse foundation has been instituted.  Detailed discussion of the program is contained in 
Subsection 2.5.4.  Testing and in-service inspection is not necessary for foundations of all other 
Seismic Category I structures. 
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APPENDIX 3.8B 
 
 

CONCRETE, CONCRETE MATERIALS, QUALITY 
CONTROL, AND SPECIAL CONSTRUCTION TECHNIQUES 

 
Materials, workmanship, and quality control are based on the codes, standards, recommendations 
and specifications listed in Tables 3.8B-1, 3.8B-2, and 3.8B-3.  Documents in Table 3.8B-1 are 
modified as required to suit the particular conditions associated with nuclear power plant design and 
construction while maintaining structural adequacy, for all structures except the diesel generator 'E' 
building.  Extent of application and principal exceptions are indicated herein, and as follows: 
 
ACI 301-72 
 

a) Provisions of ACI 301-72, Chapter 12, Curing and Protection, shall be modified as 
follows: 

 
i) Paragraph 12.2.1 shall be revised to read as follows: 

 
"For concrete surfaces not in contact with forms, one of the following 
procedures shall be applied immediately after completion of placement and 
finishing except that the curing process may be interrupted as necessary not 
to exceed 8 hours providing requirements for weather protection are 
maintained.  Such curing process may not be interrupted more than twice with 
a minimum of 8 hours elapsing between interruptions.  If the curing is 
interrupted for up to 8 hours, the curing time shall be extended to provide a 
total of 7 days curing." 

 
ii) Paragraph 12.2.3 shall be revised to read as follows: 

 
"Curing in accordance with Section 12.2-1 and 12.2.2 shall be contained for 
at least 7 days in the case of all concrete except high-early-strength concrete 
for which the period shall be at least 3 days.  Alternatively, if tests are made 
of cylinders kept adjacent to the structure and cured by the same methods, 
moisture retention measures may be terminated prior to 7 days when test 
results indicate that the average compressive strength, has reached 70 
percent of the specified strength, f'c.  Required period of initial curing need 
not be greater than the lesser of the two periods.  If one of the curing 
procedures of Section 12.2.1.1 through 12.2.1.4 is used initially, it may be 
replaced by one of the other procedures of Section 12.2.1 any time after the 
concrete is one day old provided the concrete is not permitted to become 
surface dry during transition.  Curing during periods of cold weather shall be 
in accordance with Section 12.3.1." 

 
iii) Paragraph 12.3.1 shall be deleted and replaced with the following: 

 
"Initial curing and protection measures for the concrete during periods of cold 
weather shall be in accordance with the recommendations of ACI 306-66 
(1972)." 
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b) Provisions of ACI 301-72, Chapter 14, Massive Concrete, shall be modified as 
follows: 

 
i) Paragraph 14.4.1 shall be deleted  and replaced with the following: 

 
"The slump of the concrete as placed shall be 3" or less except that a 
tolerance of up to 2" above this indicated maximum shall be allowed for 
batches provided the average for all batches or the most recent 10 batches 
tested, whichever is fewer, does not exceed 3".  Concrete of lower than usual 
slump may be used provided it is properly placed and consolidated." 

 
ii) Paragraph 14.4.3 Delete the first sentence of the paragraph and substitute 

the following: 
  

"Concrete shall be placed in layers approximately 24" thick." 
 

iii) Paragraph 14.5.1 shall be deleted and replaced with the following: 
 

"The minimum curing period shall be in accordance with Section 12.2.3." 
 

iv) Paragraph 14.5.4. The requirement for controlled cooling at the conclusion of 
the specified heating shall be accomplished by leaving the cold weather 
protection in place at least 24 hours after heating is discontinued.  In 
extremely cold weather, the field engineer shall require that additional 
measures be taken to prevent rapid cooling of the concrete by this method. 

 
ACI 318-71 
 

a) Provision of ACI 318-71, Chapter 5, "Mixing and Placing Concrete" shall be modified 
as follows: 

 
i) Paragraph 5.5 shall be revised by the addition of the following new paragraph 

5.5.3: 
 

5.5.3 The curing requirements as described in Sections 5.5.1 and 5.5.2 
above may be interrupted as necessary not to exceed 8 hours 
providing requirements for weather protection are maintained.  Such 
curing process may not be interrupted more than twice with a 
minimum of 8 hours elapsing between interruptions.  If the curing is 
interrupted for up to 8 hours, the curing time shall be extended to 
provide a total of 7 days curing. 

 
b) Provisions of ACI 318-71, Chapter 6, Formwork, Embedded Pipes, and Construction 

Joints, shall be modified as follows: 
 

i) Paragraphs 6.3.2.4, 6.3.2.5, 6.3.2.6 and 6.3.2.7 shall be deleted and replaced 
with the following: 

 
6.3.2.4  "All piping and fitting shall be tested in accordance with the 

requirements of the code governing that piping system (e.g., ASME 
Boiler and Pressure Vessel Code, ANSI B 31.1, state or local 
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 plumbing codes, etc.) or in accordance with applicable design or 
technical specifications, or design drawings. 

 
Whenever the piping system is not governed by such applicable 
codes, code cases or design documents, then such systems shall 
be tested for leaks prior to concreting.  The testing pressure above 
atmospheric pressure shall be 50 percent in excess of the pressure 
to which the piping and fittings may be subjected, but the minimum 
testing pressure shall not be less than 150 psig. The pressure test 
shall be held for 4 hours with no drop in pressure except that which 
may be caused by air temperature." 

 
6.3.2.5  "Drain pipes and other piping systems not governed by applicable 

codes and designed for pressures of not more than 1 psig need not 
be tested as required above." 

 
6.3.2.6 "Piping systems which are not governed by applicable codes, code 

cases or design documents and which carry liquid, gas or vapor 
which is explosive or injurious to health, shall be retested in 
accordance with Section 6.3.2.4 subsequent to the hardening of the 
concrete." 

 
6.3.2.7 "Piping systems may be energized with water not exceeding 50 psi 

nor 90oF if approved by the responsible Field Engineer". 
 

Other piping systems, including systems governed by piping system 
codes or design documents exceeding 50 psi or 90oF or energized 
with other than water, may be energized 7 days after the concrete 
placement provided that the temperature does not exceed 150a1F 
nor the pressure exceed 200 psig.  Piping systems may be 
energized prior to and during the placement of concrete provided 
that:  (a) the above temperature and pressure restrictions are 
applied, (b) the energized system is not shut down within 24 hours 
of concrete placement, and (c) if the pressure in the energized 
system drops, the lower pressure shall become the limiting pressure 
until the seven-day-post-placement time limit has elapsed. Piping 
systems which have been energized within 24 hours of concrete 
placement may be reenergized at any time more than 24 hours after 
concrete placement up to the limiting pressure. 

 
 
3.8B.1     CONCRETE AND CONCRETE MATERIALS - QUALIFICATIONS  
 
3.8B.1.1     Concrete Material Qualification 
 
Cement 
 
Cement is Type II, portland cement conforming to ASTM C150.  Certified copies of material test 
reports showing chemical composition of the cement and verification that the cement being furnished 
complies with requirements are furnished by the manufacturer for each batch or lot. 



Text Rev. 47 SSES-FSAR 
 
 

FSAR Rev. 69 3.8B-4 

Normal Weight Aggregate 
 
Fine and coarse aggregates conform to ASTM C33.  Aggregate source acceptability is based on the 
following test requirements: 
 

Method of Test Designation 
  

Unit Weight of Aggregate ASTM C29 

Organic Impurities in Sands ASTM C40 

Effect of Organic Impurities in Fine Aggregate on 
Strength of Mortar 

ASTM C87 

Soundness of Aggregates ASTM C88 

Materials Finer Than No. 200 Sieve ASTM C117 

Lightweight Pieces in Aggregate ASTM C123 

Specific Gravity & Absorption of Fine Aggregate ASTM C128 

L. A. Abrasion ASTM C131 

Sieve or Screen Analysis of Fine & Coarse Aggregates ASTM C136 

Clay Lumps & Friable Particles ASTM C142 

Scratch Hardness of Coarse Aggregates ASTM C235 

Potential Reactivity of Aggregate ASTM C289 

Petrographic Examination ASTM C295 

Lightweight Aggregates ASTM C330 

Percentage of Particles of Less Than 1.95 Specific 
Gravity in Coarse Aggregate 

AASHTO T150 

Resistance of Concrete Specimens to Rapid Freezing 
and Thawing in Water 

AASHTO T161 

Flat and Elongated Particles CRD C119 
 
Coarse aggregate loss from the L.A. Abrasion Test (ASTM C131) using Grading A is limited to 40 
percent by weight at 500 revolutions. 
 
Coarse aggregate grading is for size numbers 4, 8, and 67 as defined in ASTM C33 and the quantity 
of flat and elongated particles is limited to 15 percent in any nominal size group. 
 
When fine and coarse aggregates are tested per ASTM C117 to meet the requirements of ASTM 
C33, and when the results of any of the aggregate sizes exceed the stated limits for fines, the 
aggregate is accepted, provided the total amount of aggregate fines in a given mix is not greater 
than the total amount permitted for each aggregate size at ASTM C33 limits. 
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High Density Aggregates 
 
The requirements for high density aggregates are the same as for normal density aggregates except 
as noted below. 
 
Fine and coarse aggregate conforms to ASTM C637 except that grading is as follows: 
 

Sieve Size Percentage Passing
U.S. Std. 
Sq. Mesh 

Fine Aggregate 
(Sand) 

Coarse Aggregate 
1-1/2 in. 

2 in.  100
1-1/2 in.  95-100
3/4 in.  35-70
3/8 in. 100 10-30
No. 4 75-95 2-15
No. 8 55-85 0-10
No. 16 30-60
No. 30 15-45
No. 50 10-30
No. 100 0-15

 
The fineness modulus of the fine aggregate is not less than 3.2 nor more than 4.2.  Both fine and 
coarse aggregate have a minimum bulk specific gravity of 4.0. 
 
These aggregates are not tested per AASHTO T161 unless the structure is exposed to a design 
freeze-thaw environment and are also not tested per ASTM C330. 
 
Certified test reports are prepared by an independent testing laboratory for each material shipment 
attesting to aggregate conformance to cleanliness requirements when tested per ASTM C117 and 
specific gravity requirements when tested per ASTM C127 and C128. 
 
Pozzolan 
 
Pozzolan, when used, conforms to ASTM C618 for Class F except that the maximum loss on ignition 
of 6 percent.  Prior to shipment a minimum of one sample is taken and tested in accordance with 
ASTM C311 to demonstrate conformance with the above.  Such documentation accompanies 
material shipment. 
 
Mixing Water and Ice 
 
Water and ice used in mixing concrete is free of injurious amounts of oil, acid, alkali, organic matter, 
or other deleterious substances as determined by AASHTO T26.  Such water and ice does not 
contain impurities that would cause either a change in the setting time of portland cement of more 
than 25 percent or a reduction in compressive strength of mortar of more than 5 percent compared 
with results obtained with distilled water.  The water and ice do not contain more than 250 ppm of 
chlorides as C1, or more than 1000 ppm of sulphates as SO4.  The pH range is between 4.5 and 
8.5. 
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Admixtures 
 
Air entraining admixtures, when used, conform to ASTM C260.  Water reducing and retarding 
admixtures, when used, conform to ASTM C494 for types A and D.  Types A and D are used in 
accordance with the manufacturer's recommendations.  Certificates of conformance stating 
conformance to the applicable ASTM specification are furnished with each shipment.  Use of calcium 
chloride is not permitted. 
 
3.8B.1.2     Concrete Mix Design Concrete Properties 
 
Concrete Properties 
 
Concrete properties required for each type of mix design are verified by testing for the applicable 
properties indicated below: 
 

Property Test Designation 

Compressive Strength ASTM C39 
Unit Weight ASTM C138 
Slump ASTM C143 
Air Content ASTM C231 

 
The following additional properties of selected mix designs have been determined to ascertain 
material compatibility with design assumptions: 
 

Static Modulus of Elasticity ASTM C469 
Static Poizzon's Ratio ASTM C469 
Dynamic Modulus of Elasticity ASTM C215 
Dynamic Poizzon's Ratio ASTM C215 
Thermal Diffusivity CRD C36 
Thermal Coefficient of Expansion CRD C39 

 
Concrete Mix Proportions 
 
Proportions of ingredients are determined and tests conducted in accordance with ACI 211.1, except 
as noted below, for combinations of materials established by trial mixes.  These proportioning 
methods provide required concrete strength, durability, and unit weight while maintaining adequate 
workability and proper consistency to permit required consolidation without excessive segregation or 
bleeding. 
 
The design strength (f'c) of mixes that contain pozzolan is measured at 90 days; for those that do 
not contain pozzolan, f'c is measured at 28 days.  Three cylinders are tested for each mix design 
and age as follows: 
 

Pozzolan Mix Nonpozzolan Mix 
 

3 days 3 days
7 days 7 days
28 days 28 days 
90 days 
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Concrete mixes for limited uses such as in radiation-sensitive facilities and high density concrete do 
not contain pozzolan.  All other concrete mixes are based on use of approximately 15 to 20 percent 
pozzolan by weight as cement replacement.  Further concrete mixes except limited application use, 
such as high density concrete, are based on 3 to 6 percent air entrainment for both 3/4 and 1-1/2 in. 
nominal maximum size coarse aggregate.  These measures provide a concrete possessing both 
good freeze-thaw and sulphate resistance. 
 
In lieu of establishing limits on water-cement ratio, the concrete is proportioned and mixed so as to 
be placed at specified slumps.  The average slump at the point of placement is less than the"Working 
Limit," which is the maximum slump for estimating the quantity of mixing water to be used in the 
concrete.  An "Inadvertency Margin" is the allowable deviation from the "Working Limit" for such 
occasional batches as may inadvertently exceed the "Working Limit."  Jobsite tests have indicated 
that concrete with slumps at the "Inadvertency Margin" will produce acceptable quality concrete. 
 
3.8B.1.3     Proprietary Concrete 
 
The above described concrete (3.8B.1.1 & 3.8B.1.2) is from original construction.  EC 2198239 
authorizes an alternate concrete made from proprietary materials from companies such as BASF 
and Five Star.  Such concrete is proportioned in accordance with the manufacturer's 
recommendations and tested for compressive strength, bonding, and freeze/thaw resistance with 
water and aggregate content recommended by the manufacturer prior to use. 

The dry concrete is a proprietary mix.  Aggregates conform to ASTM C33.  Mixing (potable) water 
will comply with ANSI/NSF 61.   

Certified copies of material test reports showing chemical composition of the concrete and 
verification that the concrete being furnished complies with requirements are furnished by the 
manufacturer for each batch or lot OR the concrete will be dedicated.  Certified test reports are 
prepared by an independent testing laboratory for each material shipment attesting to aggregate 
conformance to cleanliness requirements when tested per ASTM C117 and specific gravity 
requirements when tested per ASTM C127 and C128 OR the aggregate will be dedicated as part 
of the concrete.  For admixtures, certificates of conformance stating conformance to the applicable 
ASTM specification are furnished with each shipment OR the admixtures will be dedicated as part 
of the concrete.   

Concrete properties required for each mix are verified by testing for the applicable properties 
indicated below: 

Property 
 

Test Designation 

Compressive Strength ASTM C39 
Bonding Strength ASTM C882 (bonding agent not required) 
Air Content ASTM C231 

 
The design strength (f 'c) of mixes is measured at 28 days.  Three cylinders are tested for each mix 
design at 3, 7, and 28 days.  The concrete will have established limits on aggregate-concrete mix 
ratio.  The concrete mix will either have established limits on water-cement ratio OR the concrete 
will be proportioned and mixed so as to be placed at specified slumps.  The average slump at the 
point of placement is less than the "Working Limit," which is the maximum slump for estimating the 
quantity of mixing water to be used in the concrete.
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Minimum testing requirements for concrete materials and concrete included in Table 3.8B-1 do not 
apply to the alternate proprietary concrete. 
 
3.8B.1.4     Grout 
 
Construction Grout 
 
Construction grout for use at horizontal construction joints and similar applications is proportioned 
from the same materials as for concrete.  Grout strength is determined in accordance with ASTM 
C109. 
 
Starter Mix 
 
Starter mixes are used in applications such as at the bottom of foundation slabs and in lieu of 
construction grout and are proportioned from the same materials as for concrete.  These mixes are 
generally proportioned for a "Working Limit" slump 2 in. greater than the associated concrete mix.  
Trial mixes are prepared and tested for strength as described for general concrete mixes. 
 
Nonshrink Grout  
 
Nonshrink grout is prepared from proprietary materials such as Embeco LL-636 by Master Builders 
Company or Five Star Grout by US Grout Corporation.  Such grouts are proportioned in accordance 
with the manufacturer's recommendations and are tested for expansion, compressive strength, and 
flow characteristics with maximum water content recommended by the manufacturer prior to use. 
 
 
3.8B.2 CONCRETE AND CONCRETE MATERIALS - BATCHING, PLACING, CURING, AND 

PROTECTION 
 
3.8B.2.1     Storage 
 
Storage of aggregates, cement, pozzolan, and admixtures is in accordance with the 
recommendations of ACI 304. 
 
3.8B.2.2     Batching, Mixing, and Delivering 
 
Concrete for principal structures is provided as central mixed concrete from a batch plant located on 
the jobsite.  Some limited amounts of concrete are obtained from an offsite batch plant.  All such 
batch plant facilities are certified by the National Ready Mix Concrete Association (NRMCA) and 
measuring devices are calibrated at required intervals and more frequently when deemed 
appropriate. 
 
Measuring of materials, batching, mixing, and delivering normal weight concrete conform to ASTM 
C94, Alternate No. 1 except as otherwise noted. 
 
Regulatory Guide 1.69 has basically adopted ANSI N101.6.  This ANSI standard is interpreted to be 
applicable only to high density concrete serving as radiation shields and is therefore not used on this 
project.  As the concrete has a dual function of providing shielding and structural adequacy, the 
standard practices described herein are adopted for normal weight concrete. When higher density 
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concrete is required for shielding purposes, the practices adopted are in general agreement with 
those outlined in the ACI Journal of August 1975 report by ACI Committee 304:  "High Density 
Concrete Measuring, Mixing, Transporting, and Placing." 
 
The delivery of materials from the batching equipment is within the following limits of accuracy: 
 
 Over and Under Percent 
 
Material Weight Weight 
 
 Less than or equal 

to 30 percent of 
scale capacity 

Greater than 
30 percent of 
scale capacity 

Cement Minus 0 
Plus 4 

1 

Pozzolan Minus 0 
Plus 4 

1 

Water 1 1 

Ice 1 1 

Aggregate equal to or smaller than 1-1/2 3 2
 (See note below) 

Admixture when batched separately 3 1 
 
Note:  Or plus or minus 0.3 percent of scale capacity, whichever is less. 
 
NRMCA Section 2.7 provides additional tolerances for batching recorders. 
 
3.8B.2.3     Placing 
 
Placing of normal weight concrete is in accordance with the recommendations of ACI 304.  Placing 
of high density concrete is as described above. 
 
3.8B.2.4     Consolidation 
 
Consolidation of concrete is in accordance with the recommendations of ACI 309. 
 
3.8B.2.5     Curing 
 
Curing of concrete is in accordance with the recommendations of ACI 308. 
 
3.8B.2.6     Hot and Cold Weather Concreting 
 
Measures taken to mitigate the effects of hot and cold weather during each step of the concreting 
operation are in accordance with ACI 305 and 306 respectively. 
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3.8B.3     CONCRETE AND CONCRETE MATERIALS-CONSTRUCTION TESTING 
 
An independent concrete and concrete materials testing laboratory has been established at the 
project site to monitor the quality of such work and materials and to promptly report any deviations 
from specified conditions.  Such testing personnel are qualified to meet the requirements of NRC 
Regulatory Guide 1.58.  Procedures and tests for accomplishing such work are reviewed and 
accepted by Bechtel prior to use.  Qualifications and procedures in use by Bechtel quality control 
personnel and the extent of conformance to Regulatory Guide 1.94 are described in Section 3.13. 
 
Production testing for concrete and concrete materials is as shown in Table 3.8B-1. 
 
Materials that do not meet test requirements are not used in the construction. 
 
If the measured concrete temperature, slump, unit weight, or air content falls outside the limits 
specified, a check is made.  In the event of a second failure, the load of concrete represented is not 
in the construction. 
 
Concrete cylinder tests results are reviewed for compliance with Chapter 17 of ACI 301 and are 
evaluated in accordance with ACI 214. 
 
Materials or portions thereof that do not meet the above criteria but may inadvertently be used are 
handled as described in Appendix D and amendments to the FSAR. 
 
 
3.8B.4     CONCRETE REINFORCEMENT MATERIALS - QUALIFICATIONS 
 
Reinforcing steel for concrete structures conforms to ASTM A615, Grade 60, including Section S1 
for bar sizes 14 and 18. Certified copies of material test reports indicating chemical composition, 
physical properties and dimensional compliance are furnished by the manufacturer for each heat. 
 
When permitted by the design drawings, reinforcing steel is furnished by the supplier to special 
chemistry requirements to enhance reinforcing weld characteristics.  The chemistry of such bars 
meets the following chemical analysis requirements expressed in maximum percentage by weight: 
 

C   -   0.50% P   -   0.05%
Mn  -   1.30% S   -   0.05%

 
Weld splicing of reinforcing is not performed in the primary containment structures. 
 
Each bundle of reinforcing steel is tagged to ensure unique heat traceability during production, while 
in transit and into storage.  During storage and installation reinforcing steel is collectively traceable 
to the group of certified material test reports received. 
 
Prior to installation at the jobsite all reinforcing steel is subjected to a testing program meeting the 
requirements of NRC Regulatory Guide 1.15.  Any reinforcing steel which does not meet these 
requirements is not used in the construction. 
 
Sleeves for reinforcing steel mechanical splices conform to ASTM A519 for Grades 1018 and 1026.  
Certified copies of material test reports indicating chemical composition and physical properties are 
furnished by the manufacturer for each sleeve lot. 



Text Rev. 47 SSES-FSAR 
 
 

FSAR Rev. 69 3.8B-11 

3.8B.5     CONCRETE REINFORCEMENT MATERIALS - FABRICATION 
 
3.8B.5.1     Bending Reinforcement 
 
Hooks and bends are fabricated in accordance with ACI 318 Chapter 7.1.  Bars partially embedded 
in concrete are bent subject to the following conditions. 
 
Bending Partially Embedded Reinforcement 
 
The minimum distance from existing concrete surface to the beginning of bend and the minimum 
inside diameter of bend is: 
 
Bar Size Min. Dist. From Surface 

to Beginning of Bend 
Min. Inside Bend Diameter 

No. 3 through No. 8 3 Bar Diameters 6 Bar Diameters 

No. 9, No. 10, No. 11 4 Bar Diameters 8 Bar Diameters 

No. 14, No. 18 5 Bar Diameters 10 Bar Diameters 
 
Bars No. 3 to No. 5 inclusive may be bent cold once.  Heating is required for subsequent straightening 
or bending. 
 
Bars No. 6 and larger may be bent and straightened, provided that heating is used. 
 
When heat is used, it is applied as uniformly as possible over a length of bar equal to 10 bar 
diameters, and is centered at the middle of the arc of the completed bend.  The maximum bar 
temperature is between 1100 and 1200oF, and maintained at that level until bending (or 
straightening) is complete. 
 
Temperature-measuring crayons or a contact pyrometer is used to determine the temperature.  Heat 
is applied in such a way as to avoid damage to the concrete.  Care is taken to prevent rapid 
quenching of heated bars.  
 
Straightened bars are visually inspected to determine whether they are cracked, reduced in cross-
section, or otherwise damaged. Any damaged portions are removed and replaced. 
 
3.8B.5.2     Splicing Reinforcement 
 
Lap Splices  
 
In general, lapped splices are used for No. 11 and smaller bars.  Such lap splices are in accordance 
with Sections 7.5, 7.6, and 7.7 of ACI 318. 
 
Mechanical Splices 
 
In general, mechanical (Cadweld) splices are used for all No. 14 and No. 18 splices, for splices 
across liner plates and in lieu of standard hooks when a plate anchorage is required or desirable.  To 
obtain an effective level of quality control for this splicing process, a qualification, inspection, testing, 
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and acceptance program in accordance with NRC Regulatory Guide 1.10 has been used.  Welding 
of splice sleeves to liners, or other plates and shapes is in accordance with AWS D1.1. 
 
Welded Splices 
 
Whenever both lap and mechanical splices have been determined to be impractical, welded splices 
are used on a case-by-case approval basis.  Such welding is performed by qualified welders using 
a procedure conforming to the basic recommendations of AWS D12.1. 
 
3.8B.5.3     Placing Reinforcement 
 
Reinforcement is securely tied with wire and held in position by spacers, chairs, and other supports 
to maintain placement accuracy within the tolerances established for reinforcement protection and 
the design requirements. 
 
3.8B.5.4     Spacing Reinforcement 
 
Spacing and reinforcement is in accordance with Sections 3.3.2, 7.4.1, and 7.4.5 of ACI 318. 
 
3.8B.5.5     Surface Condition 
 
Reinforcement surface condition at the time of concrete placement is in accordance with Section 7.2 
of ACI 318. 
 
 
3.8B.6 CONCRETE REINFORCEMENT MATERIALS – CONSTRUCTION TESTING 
 
Inspection of reinforcement materials to ensure that bending, placing, splicing, spacing, and surface 
condition requirements are met is in accordance with the program described in Chapter 17 as is the 
extent of conformance to Regulatory Guide 1.94. 
 
 
3.8B.7     FORMWORK AND CONSTRUCTION JOINTS 
 
Formwork is designed and constructed in accordance with ACI 347.  Such formwork maintains 
position and shape to keep deformations within limits established by the design requirements. 
Prior to concrete placement, construction joints are cleaned to remove unsatisfactory concrete, 
laitance, coatings, debris, and other foreign material and to expose the aggregate.  The joints are 
then saturated to produce a saturated surface dry condition. Horizontal construction joints then shall 
be covered with either approximately 1/4 in. of construction grout or a layer of starter mix which is 
approximately 4 to 6 in. deep. 
 
Except as discussed below, concrete is placed in accordance with Regulatory Guide 1.55. 
 
Regulatory positions 2 and 3 of the Regulatory Guide state the presumed functional responsibilities 
of the "Designer" and the "Constructor."  Under the designer's role are listed the responsibilities for 
checking shop drawings and locations of construction joints.  On this project, the former is fully 
delegated to the Bechtel field, although the design engineering office may check significant portions 
and may advise the field accordingly.  The responsibility for construction joint location is partly 
delegated to the field in the sense that the field has to follow the guidelines set out in the design 
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drawings and specifications prepared by the design engineering office.  In interface areas, a 
delegation of the design engineering office's responsibility to the field office is within the definition of 
the terms "responsibility" and delegated responsibility" as discussed in Paragraph 1.3 of the 
proposed ANSI N45.2.5.  Delegation of the responsibilities for checking the reinforcing drawings to 
the field engineering group is justified by the following: 
 

a) The Bechtel field engineering group is segregated from the field supervision group, 
although both are located at the jobsite and eventually report to the project 
construction manager. 

 
b) The field engineering group is staffed, for the most part, by graduate engineers who 

have been trained in the use of the ACI code and understand the design implication 
of the proper location, splicing, and embedment of reinforcing steel. 

 
c) The field inspection of the actual rebar as placed in the forms is conducted using the 

engineering drawings as the primary source document.  This ensures a check on any 
errors which may have passed the critical review of the field engineer in checking the 
shop detail or erection drawings. 

 
d) It is standard practice in the civil engineering profession that engineering requirement 

drawings for reinforcing be converted to shop detail and erection drawings in 
accordance with ACI standards applied by steel detailers at the reinforcing steel 
vendor's shop.  Most contractors installing reinforcing steel rely upon their 
superintendent and foreman for correct interpretation of these detail drawings in 
erecting the reinforcing steel. While this is also true of Bechtel field operation, we do 
have the additional help and guidance of the field engineers both during the 
installation phase and finally at the inspection phase prior to final sign-off on the report 
card. 

 
e) The field engineers have the added benefit of being able to plan and witness the 

actual installation and can, therefore, better foresee any difficulties in meeting the 
intended design requirements. Their assessment of the situation is further assisted 
by regular telephone communication with the design engineers who also periodically 
visit the jobsite. 

 
The above procedure of delegation of the design engineering office's responsibility to the field 
personnel and periodic monitoring by the engineering office ensures correctness and conformance 
of the shop drawings to the design drawings and therefore meets the intent of Regulatory Guide 
1.55. 
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3.9  MECHANICAL SYSTEMS AND COMPONENTS 
 
 
3.9.1  SPECIAL TOPICS FOR MECHANICAL COMPONENTS 
 
3.9.1.1  Design Transients 
 
This section shows the transients which are used in the design of the ASME Boiler and 
Pressure Vessel Code (ASME Code) Class 1 core support, reactor internals, and control rod 
drive (CRD) components.  The number of cycles or events for each transient are included.  
The design transients shown in this section are included in the design specifications for the 
components.  Transients or combinations of transients are classified with respect to the 
component operating condition categories identified as "normal," "upset," "emergency," 
"faulted," or "testing" in the ASME Code if applicable.  (The first four conditions correspond to 
Service Levels A, B, C, and D, respectively for those components constructed to the 1976 or 
later Edition of the ASME Code.) 
 
3.9.1.1.1  Control Rod Drive Transients 
 
The normal and test service load cycles used for design purposes for the 40 year life of the 
Control Rod Drive (CRD) are as follows: 
 
Transient Category Cycles 

   
1. Reactor startup/shutdown Normal/upset 120
   
2. Vessel pressure tests Normal/upset 130
   
3. Vessel overpressure tests Normal/upset 10
   
4. Scram test plus startup scrams Normal/upset 300
   
5.  Operational scrams Normal/upset 300
   
6.  Jog cycles Normal/upset 30,000
   
7.  Shim/drive cycles Normal/upset  1,000
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In addition to the above cycles, the following have been considered in the design of the CRD.
   
Transient Category Cycles 

8. Operating Basis  Normal/upset 10
   
 Earthquake* (OBE)  
       
9. Safe Shutdown Faulted 1
   
 Earthquake** (SSE)  
   
10. Scram with inoperative buffer Normal/upset 10
   
11. Scram with stuck control blade Normal/upset 1
 
All ASME Code Class 1 components of the CRD have been analyzed according to the ASME 
Code. 
 
The capability of the CRD's to withstand the emergency and faulted conditions is verified by test 
rather than analysis. 
 
3.9.1.1.2  CRD Housing and Incore Housing Transients 
 
The number of transients, their cycles, and classification as considered in the design and fatigue 
analysis of the CRD housing and incore housing are as follows: 
 
Transient Category Cycles 

1. Normal startup & shutdown Normal/upset 120
  
2. Vessel pressure tests Normal/upset 130
  
3. Vessel overpressure tests Normal/upset 10
  
4. Interruption of feedwater flow Normal/upset 80
  
5. Scram Normal/upset 200
  
6. OBE Normal/upset 10
  
7. SSE Faulted  1
  
8. Stuck rod scram Normal/upset  1
  

                                                 
* The frequency of occurrence of this transient would indicate emergency category.  However, for 

conservatism, this OBE condition was analyzed as an upset condition.  Ten peak OBE cycles for 
each occurrence are postulated. 

**  SSES is a faulted condition; however, in the stress analysis report, it was treated as emergency 
 with lower stress limits. 
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Transient Category Cycles 

9. Scram no buffer Normal/upset 10
 
3.9.1.1.3  Hydraulic Control Unit Transients 
 
The normal and test service load cycles used for the design and fatigue analysis for the 40 year 
life and the Hydraulic Control Unit (HCU) are as follows: 
 
Transient Category Cycles 

1. Normal startup and shutdown Normal/upset 120
  
2. Vessel pressure tests Normal/upset 130
  
3. Vessel overpressure tests Normal/upset 10
  
4. Scram tests (cold) Normal/upset 300
  
5. Operational scrams (hot) Normal/upset 300
  
6. Jog cycles Normal/upset 30,000
  
7. Drive cycles  Normal/upset 1,000
  
8. Scram with stuck scram discharge valve Normal/upset  1
  
9 OBE Normal/upset 10
  
10. SSE Faulted  1
 
3.9.1.1.4  Core Support and Reactor Internals Transients 
 
The events and number of cycles used for the design and fatigue analysis for the 40-year life of 
the core support and internals are shown in Table 3.9-1. 
 
3.9.1.1.5  Main Steam System Transients 
 
The transients considered in the stress analysis of the main steam piping are included in 
Table 3.9-4. 
 
3.9.1.1.6  Recirculation System Transients 
 
The transients considered in the stress analysis of the recirculation piping are included in 
Table 3.9-4. 
 
3.9.1.1.7  Reactor Assembly Transients 
 
The reactor assembly includes the reactor pressure vessel, support skirt, shroud support, and 
shroud plate.  The cycles listed in Table 3.9-1 were specified in the reactor assembly design 
and fatigue analysis. 
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Reactor design cycle or transient limits are as follows: 
 
Transient Design Cycle
 
Heatup and Cooldown 
(Envelopes items 3, 10, 13, 16b, 16d  
from Table 3.9-1) 

70°F to 551°F to 70°F 

 
Reactor Trip cycle 
(Item 9 from Table 3.9-1) 

100% to 0% Rated Thermal Power 

 
Hydrostatic Pressure and Leak Tests 
(Item 2 from Table 3.9-1) 

Pressurized ≥930 psig and ≤1250 psig 

 
3.9.1.1.8  Main Steam Isolation Valve Transients 
 
The main steam isolation valves are designed for the following service conditions and thermal 
cycles: 
 
Transient Category Cycles 
  
1. Pre-op @100°F/hr Normal/upset 150 
 
2. Startup (heating 100°F/hr) Normal/upset 120 
 
3. Shutdown 

 
 a. cooling cycles @100°F/hr 

  540°F to 375°F 

Normal/upset 120 

 
b. cooling cycles @270°F/hr 

  375°F to 330°F 

Normal/upset 120 

 
c. cooling cycles @100°F/hr 

  330°F to 100°F 

Normal/upset 120 

  
4. Scram cooling cycles @100°F/hr Normal/upset 180 
 
5. Emergency and faulted transients

 
a. 546°F to 281°F in 15 sec Emergency/faulted   1 
 
b. 546°F to 375°F in 3.3 min Emergency/faulted   1 
 
 375°F to 281°F @300°F/hr Emergency/faulted   1 
 
c1. 546°F to 375°F in 10 min  Emergency/faulted   8 
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Transient Category Cycles 
  

 
c2. 375°F to 281°F @100°F/hr Emergency/faulted   8 
 
d1. 546°F to 583°F in 2 sec Emergency/faulted   1 
 
d2. 583°F to 538°F in 30 sec Emergency/faulted   1 
 
d3. 538°F to 400°F @100°F/hr Emergency/faulted   1 
 
d4. 400°F to 546°F @100°F/hr  Emergency/faulted   1 
 
e1. 561°F to 500°F in 7 min Emergency/faulted  10 
 
e2. 500°F to 400°F @100°F/hr Emergency/faulted  10 
 
e3. 400°F to 546°F @100°F/hr Emergency/faulted  10 

 
3.9.1.1.9  Safety/Relief Valves Transients 
 
The transients used in the analysis of the safety/relief valves are as follows: 
 
Transient Category Cycles 
  
1. Pre-op and in-service testing (100°F/hr). Normal/upset 150 
 
2. Startup (100°F/hr) and pressure increase 
 (0 psig to 1000 psig). 

Normal/upset 120 

 
3. Shutdown (100°F/hr, pressure decrease 
 to 0 psig). 

Normal/upset  120 

 
4. Scram. Normal/upset 180
 
5. System pressure and temperature decay from 

1000 psig and 546°F to 35 psig and 281°F 
within 15 sec. 

 

Emergency/faulted   1 

6. System temperature change from 546°F to 
375°F within 3.3 mins and from 375°F to 
281°F at a rate of 300°F/hr.  Pressure change 
from 1000 psig to 35 psig 

Emergency/faulted  1 

 
7. System temperature change from 546°F to 

375°F within 10 min. and from 375°F to 281°F 
at a rate of 100°F/hr.  Pressure change from 
1000 psig to 35 psig. 

Emergency/faulted  8 
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Transient Category Cycles 
  
8. System temperature change from 546°F to 

583°F within 2 sec, from 583°F to 538°F 
within 30 sec, and from 538°F to 400°F 
 and return to 546°F  at a rate of 
100°F/hr.  Pressure change from 1000 psig 
thence to 1350 psig , thence to 240 psig and 
return to 1000 psig. 

Emergency/faulted  1 

 
9. System temperature changes, greater than 

30°F, from 561°F to 500°F within 7 min. and 
from 500°F to 400°F and return to normal 
operating temperature at 546°F at a rate of 
100°F/hr.  Pressure change from 1000 psig to 
1180 psig to 240 psig and return to normal 
operating of 1000 psig. 

Emergency/faulted 10 

 
Paragraph NB3552 of ASME III code excludes various transients and provides means for 
combining those which are not excluded.  Review and approval of the equipment supplier's 
certified calculation provides assurance of proper accounting of the specified transients. 
 
3.9.1.1.10  Recirculation Flow Control Valve Transients 
 
Not applicable since Susquehanna SES has no flow control valve. 
 
3.9.1.1.11  Recirculation Pump Transients 
 
The following transients are listed in the design specification as a requirement for design 
considerations.  However, a submitted certified analysis considering thermal stresses was not 
required.  The vendor was required to submit a certification of compliance.  The submitted 
certified design calculations only considered pressure transient.  Nozzle piping loads were 
considered in accordance with the following paragraph:  
 

"The pump case was designed to withstand secondary stresses due to piping 
reactions in accordance with Paragraph 452.4b of the ASME Standard Code for 
Pumps and Valves for Nuclear Power (1968 Draft)." 

 
Transient Category Cycles 
  
1. Heatup and cooldown at 100°F/hr Normal/upset 300 
 
2. ±29°F temperature changes Normal/upset 600 
 
3. ±50°F temperature changes Normal/upset 200 
 
4. RPV pressure transients to 110% 

design pressure 
Normal/upset 1 
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5. SRV blowdowns Emergency 8
 
6. Improper pump startup, 100°F to 

552°F in 15 sec 

Emergency 1 

 
7. Cooling transient 552°F to 281°F in 15 

sec 
Faulted 1 

 
8. Hydrotest to 1300 psig Testing 130
 
9. Hydrotest to 1670 psig Testing 3
 
3.9.1.1.12  Recirculation Gate Valve Transients 
 
The following transients are considered in the design of the recirculation gate valves. 
 
Transient Cycles
  
1. 50°F - 575°F - 50°F at 100°F/hr 300 
  
2. ±29°F between limits of 50°F and 575°F, instantaneous 600 
  
3. +50°F between limits of 50°F and 546°F, instantaneous  200 
  
4. 546°F to 375°F, instantaneous  30 
  
5. 546°F to 281°F, instantaneous   2 
  
6. 130°F to 546°F, instantaneous    1 
  
7. 110% design pressure at 575°F   1 
  
8. 1300 psi at 100°F installed hydrostatic test 130 
  
9. 1670 psi at 100°F installed hydrostatic test   3 
 
3.9.1.2  Computer Programs Used in Analysis 
 
The following sections discuss computer programs used in the analysis of specific NSSS 
components.  (Computer programs were not used in the analysis of all components, thus, not all 
components are listed.)  The NSSS programs can be divided into two categories. 
 
The computer programs discussed in this section are those programs used for the original plant 
design.  Changes to later versions of these programs or the addition of entirely new computer 
programs for safety related applications is controlled by procedures under our Operational 
Quality Assurance Program. 
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GE Programs 
 
The verification of the following GE programs has been performed in accordance with the 
requirements of 10CFR50, Appendix B. Evidence of the verification of input, output, and 
methodology is documented in GE Design Record Files. 
 
(a) MASS  (i) TSFOR (q) DYSEA 
   
(b) SNAP (MULTISHELL) (j) EZPYP (r) SPECA 
   
(c) HEATER (k) PDA (s) SEISM 
   
(d) SAP4  (l) SAP4G
   
(e) ANSI7  (m) FTFLG01
   
(f) LUGSTR (n) ANSYS
   
(g) PISYS  (o) POSUM
   
(h) RVFOR (p) BILRD
 
Vendor Programs 
 
The verification of the following CB&I programs is assured by contractual requirements between 
GE and the vendor.  Per the requirements, the quality assurance procedure of these proprietary 
programs used in the design of N-stamped equipment is in full compliance with 10CFR50, 
Appendix B. 
 
(a) 711 GENOZZ  (i) 928 TGRV
   
(b) 948 NAPALM  (j) 962 E0962A
   
(c) 1027  (k) 984
   
(d) 846   (l) 992 GASP
   
(e) 781 KALNINS  (m) 1037 DUNHAM'S 
   
(f) 979 ASFAST  (n) 1335
   
(g) 766 TEMAPR  (o) 1606 & 1647 HAP 
   
(h)  767 PRINCESS  (p) 1634 N
 
A list of computer programs used in the BOP system components is provided in Table 3.9-5.  
This list consists of computer programs that are developed and/or owned by Bechtel Power 
Corporation, and computer programs that are recognized and widely used in industry. 
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The Bechtel developed and/or owned computer programs are documented, verified, and 
maintained by Bechtel and meet the requirements of 10CFR50, Appendix B.  A brief description 
of each of these programs is provided in Appendix 3.9A. 
 
3.9.1.2.1  Reactor Vessel and Internals 
 
The computer programs used in the preparation of the reactor vessel stress report are identified 
and their use summarized in the following paragraphs. 
 
3.9.1.2.1.1  Reactor Vessel 
 
3.9.1.2.1.1.1  CB&I Program 711 "GENOZZ" 
 
The GENOZZ computer program is used to proportion barrel and double taper type nozzle 
configurations to comply with the specifications of the ASME Code, Section III and contract 
documents.  The program will either design such a configuration or analyze the configuration 
input into it.  If the input configuration will not comply with the specifications, the program will 
modify the design and redesign it to yield an acceptable result. 
 
3.9.1.2.1.1.2  CB&I Program 948 - "NAPALM" 
 
The basis for the program NAPALM, Nozzle Analysis Program-All Loads Mechanical, is to 
analyze nozzles for mechanical loads and find the maximum stress intensity and location.  The 
program analyzes at specified locations from the point of application of the mechanical loads.  
At each location the maximum stress intensity is calculated for both the inside and outside 
surfaces of the nozzle.  The program gives the maximum stress intensity for both the inside and 
outside surfaces of the nozzle as well as its angular location around the circumference of the 
nozzle from the 0° reference location.  The principle stresses are also printed.  The stresses 
resulting from each component of loading (bending, axial, shear, and torsion) are printed, as 
well as the loadings which caused these stresses. 
 
3.9.1.2.1.1.3  CB&I Program 1027 
 
This program is a computerized version of the analysis method contained in the "Welding 
Research Council Bulletin F107," December, 1965. 
 
Part of this program provides for the determination of the shell stress intensities (S) at each of 
four cardinal points at both the upper and lower shell plate surfaces (ordinarily considered 
outside and inside surfaces) around the perimeter of a loaded attachment on a cylindrical or 
spherical vessel.  With the determination of each S, there is also determined the components of 
that S (2 normal stresses, and one shear stress).  This program provides the same information 
as the manual computation and the input data is essentially the input of the geometry of the 
vessel and attachment. 
 
3.9.1.2.1.1.4  CB&I Program 846 
 
This program computes the required thickness of a hemispherical head with a large number of 
circular parallel penetrations by means of the area replacement method in accordance with the 
ASME Code, Section III. 
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In cases where the penetration has a counterbore, the thickness is determined so that the 
counterbore does not penetrate the outside surface of the head. 
 
3.9.1.2.1.1.5  CB&I Program 781 - "KALNINS" 
 
This program is a thin elastic shell program for shells of revolution.  This program was 
developed by Dr. A. Kalnins of Lehigh University.  Extensive revisions and improvements have 
been made by Dr. J. Endicott to yield the CB&I version of this program. 
 
The basic method of analysis was published by Professor Kalnins in the Journal of Applied 
Mechanics, Volume 31, September, 1964, pages 467 through 476.  The KALNINS thin shell 
program (Program 781) is used to establish the shell influence coefficient and to perform detail 
stress analysis of the vessel.  The stresses and the deformations of the vessel can be computed 
for any combination of the following axi-symmetric loading: 
 
a) Preload condition 
 
b) Internal pressure 
 
c) Thermal load 
 
3.9.1.2.1.1.6  CB&I Program 979 - "ASFAST" 
 
ASFAST Program (Program 979) performs the stress analysis of axi-symmetric, bolted closure 
flanges between head and cylindrical shell. 
 
3.9.1.2.1.1.7  CB&I Program 766 - "TEMAPR" 
 
This program will reduce any arbitrary temperature gradient through the wall thickness to an 
equivalent linear gradient.  The resulting equivalent gradient will have the same average 
temperature and the same temperature-moment as the given temperature distribution.  Input 
consists of plate thickness and actual temperature distribution.  The output contains the average 
temperature and total gradient through the wall thickness.  The program is written in FORTRAN 
IV language. 
 
3.9.1.2.1.1.8  CB&I Program 767 - "PRINCESS" 
 
The PRINCESS computer program calculates the maximum alternating stress amplitudes from 
a series of stress values by the method in Section III of the ASME Pressure Vessel Code. 
 
3.9.1.2.1.1.9  CB&I Program 928 - "TGRV" 
 
The TGRV program is used to calculate temperature distributions in structures or vessels.  
Although it is primarily a program for solving the heat conduction equations, some provisions 
have been made for including radiation and convection effects at the surfaces of the vessel.  
The TGRV program is a greatly modified version of the TIGER heat transfer program written 
about 1958 at Knolls Atomic Power Laboratory, by A. P. Bray.  There have been many versions 
of TIGER in existence including TIGER II, TIGER II B, TIGER IV, and TIGER V, in addition to 
TGRV.  This manual has been written for use with CB&I's version of TGRV. 
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This program utilizes an electrical network analogy to obtain the temperature distribution of any 
given system as a function of time.  The finite difference representation of the three-dimensional 
equations of heat transfer are repeatedly solved for small time increments and continually 
summed.  Linear mathematics are used to solve the mesh network for every time interval.  
Included in the analysis are the three basic forms of heat transfer, conduction, radiation and 
convection, as well as internal heat generation.  
 
Given any odd-shaped structure, which can be represented by a three dimensional field, its 
geometry and physical properties, boundary conditions, and internal heat generation rates, 
TGRV will calculate and give as output the steady state or transient temperature distributions in 
the structure as a function of time. 
 
3.9.1.2.1.1.10  CB&I Program 962 - "EO962A" 
 
Program E0962A is one of a group of programs (E0953A, E1606A, E0962A, E0992N, E1037N, 
and E0984N) which are used together to determine the temperature distribution and stresses in 
pressure vessel components by the finite element method.  
 
Program E0962A is primarily a plotting program.  Using the nodal temperatures calculated by 
program E1606A or Program E0928A, and the node and element cards for the finite element 
model, it calculates and plots lines of constant temperature (isotherms).  These isotherm plots 
are used as part of the stress report to present the results of the thermal analysis.  They are 
also very useful in determining at which points in time the thermal stresses should be 
determined. 
 
In addition to its plotting capability the program can also determine the temperatures of some of 
the nodal points by interpolation.  This feature of the program is intended primarily for use with 
the compatible TGRV and finite element models that are generated by program E0953A. 
 
3.9.1.2.1.1.11  CB&I Program 984 
 
Program 984 is used to calculate the stress intensity of the stress differences, on a component 
level, between two different stress conditions.  The calculation of the stress intensity of stress 
component differences (the range of stress intensity) is required by Section III of the ASME 
Code. 
 
3.9.1.2.1.1.12  CB&I Program 992 - GASP 
 
The GASP computer program, originated by Prof. E. L. Wilson of the University of California at 
Berkeley, uses the finite element method to determine the stresses and displacements of plane 
or axi-symmetric structures of arbitrary geometry and is written in FORTRAN IV.  For a detailed 
account, see the following reference document.  
 

Wilson, E. L.; "A Digital Computer Program for the Finite Element Analysis of Solids 
with Non-Linear Material Properties," Aerojet General Corporation, Sacramento, 
California.  Technical Memorandum No. 23, July 1965. 

 
As mentioned above, the program determines the stresses and displacements of plane or axi-
symmetric structures using the finite element method.  The structures may have arbitrary 
geometry and have linear or non-linear material properties.  The loadings may be thermal, 
mechanical, accelerational, or a combination of these. 
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The structure to be analyzed is broken up into a finite number of discrete elements or "finite-
elements" which are interconnected at finite number of "nodal-points" or "nodes."  The actual 
loads on the structure are simulated by statically equivalent loads acting at the appropriate 
nodes.  The basic input to the program consists of the geometry of the stress-model and the 
boundary conditions.  The program then gives the stress components at the center of each 
element and the displacements at the nodes, consistent with the prescribed boundary 
conditions. 
 
3.9.1.2.1.1.13  CB&I Program 1037 - "DUNHAM'S" 
 
DUNHAM'S program is a finite ring element stress analysis program.  It will determine the 
stresses and displacements of axi-symmetric structures of arbitrary geometry subjected to either 
axi-symmetric loads or non-axi-symmetric loads represented by a Fourier series. 
 
This program is similar to the GASP program (CB&I 992).  The major differences are that 
DUNHAM'S can handle non-axi-symmetric loads (which requires that each node have three 
degrees of freedom) and the material properties for DUNHAM'S must be constant.  As in GASP, 
the loadings may be thermal, mechanical, and accelerational. 
 
3.9.1.2.1.1.14  CB&I Program 1335 
 
To obtain stresses in the shroud support, the baffle plate must be made a continuous circular 
plate.  The program makes this modification and allows the baffle plate to be included in CB&I 
program 781 as two isotropic parts and an orthotropic portion at the middle (where the diffuser 
holes are located).  
 
3.9.1.2.1.1.15  CB&I Programs 1606 and 1657 - "HAP" 
 
The HAP program is an axi-symmetric nonlinear heat analysis program.  It is a finite element 
program and is used to determine nodal temperatures in a two-dimensional or axi-symmetric 
body subjected to transient disturbances.  Programs 1606 and 1657 are identical except that 
1606 has a larger storage area allocated and can thus be used to solve larger problems.  The 
model for program 1606 is compatible with CB&I stress programs 992 and 1037. 
 
3.9.1.2.1.1.16  CB&I Program 1634N 
 
This program is used to analyze thin cylindrical shells subjected to local loading beyond the 
range where Bijloard's curves are directly applicable, i.e., R/t >300.  
 
This program computes stresses and displacements in thin walled elastic cylindrical shells 
subjected to mechanical loading such as radial loads, longitudinal and circumferential moments. 
 
3.9.1.2.1.2  Reactor Internals 
 
The following programs are used in the analysis of core support structures and other safety 
related reactor internals:  MASS, SNAP (MULTISHELL), and HEATER.  These programs are 
described in detail in Section 4.1. 
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3.9.1.2.2  Piping 
 
The computer programs used in the analysis of NSSS piping systems are identified and 
summarized below: 
 
3.9.1.2.2.1  Structural Analysis Program SAP 4 
 
The Structural Analysis Program SAP 4, for the static and dynamic analysis of linear structural 
system is the result of several years research and development experience.  The program has 
proven to be a very flexible and efficient analysis tool.  The first version of the SAP Program 
was published in September, 1970.  An improved static analysis program, namely SOLID SAP, 
or SAP 2, was presented in 1971.  Work was then started on a new static and dynamic analysis 
program.  The program SAP 3 was released towards the end of 1972.  SAP 4 has the additional 
analysis capability of out-of-core direct integration for the time history analysis.  
 
The structural systems to be analyzed may be composed of combinations of a number of 
different structural elements.  The program presently contains the following element types: 
 
a) three-dimensional truss element
 
b) three-dimensional beam element
 
c) plane stress and plane strain element,
 
d) two-dimensional axisymetric solid,
 
e) three-dimensional solid, 
 
f) thick shell element, 
 
g) thin plate or thin shell element,
 
h) boundary element, 
 
i) pipe element (tangent and bend).
 
These structural elements can be used in a static or dynamic analysis.  The capacity of the 
program depends mainly on the total number of nodal points in the system, the number of 
eigenvalues needed in the dynamic analysis and the computer used.  There is practically no 
restriction on the number of elements used, the number of load cases or the order and 
bandwidth of the stiffness matrix.  Each nodal point in the system can have from zero to six 
displacement degrees of freedom.  The element stiffness and mass matrices are assembled in 
condensed form; therefore, the program is equally efficient in the analysis of one-, two-, or 
three-dimensional systems. 
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The formation of the structure matrices is carried out in the same way in a static or dynamic 
analysis.  The static analysis is continued by solving the equations of equilibrium followed by the 
computation of element stresses.  In a dynamic analysis the choice is between: 
 
a) frequency calculations only, 
 
b) frequency calculations followed by response history analysis,
 
c) frequency calculations followed by response spectrum analysis,
 
d) response history analysis by direct integration.
 
To obtain the frequencies and vibration mode shapes, solution routines are used which 
calculate the required eigenvalues and eigenvectors directly without a transformation of the 
structure stiffness matrix and mass matrix.  This way the program operation and necessary 
input data for a dynamic analysis is a simple addition to what is needed for a static analysis. 
 
3.9.1.2.2.2  Component Analysis/ANSI 7 
 
Application.  The ANSI 7 Computer Program determines stress and accumulative usage factors 
for thermal weight, seismic relief valve lift and turbine stop valve closure (as applicable) 
conditions of loadings derived from the Structural System Analysis in accordance with NB-3600 
of ASME Code Section III. 
 
Program Organization.  For Class 1 ASME Code stress analysis, the program generates and 
prints hoop, bending, thermal discontinuity, linear temperature gradient and nonlinear 
temperature gradient components of stress for each equation of subarticle NB-3600 of Section 
III.  Load combination results from possible load sets for Class 1 stress equations.  The total 
stress (sum of component stresses) and the stress ratio (total stress divided by appropriate 
stress intensity limit) is printed for each Class 1 equation.  The total stress (sum of the 
component stresses) and the stress ratio (total stress divided by the appropriate stress intensity 
limit) is printed for each one of the equations 9, 10, 12, and 13 of NB-3600.  The alternating 
stresses and usage factor are calculated per NB-3653.6. 
 
3.9.1.2.2.3  Integral Attachment/LUGSTR 
 
The computer program "LUGSTR" was prepared to evaluate the stress in the pipe wall that are 
produced by loads applied to the integral attachments.  The program was prepared based on 
the Welding Research Council Bulletin 198 including the evaluation due to stress range and 
fatigue analysis. 
 
3.9.1.2.2.4  Piping Analysis Program/PISYS 
 
PISYS is a computer code specialized for piping load calculations.  It utilizes selected stiffness 
matrices representing standard piping components, which are assembled to form a finite 
element model of a piping system.  The technique relies on dividing the pipe model into several 
discrete substructures, called pipe elements, which are connected to each other via nodes 
called pipe joints.  It is through these joints that the model interacts with the environment, and 
loading of the structure becomes possible.  PISYS is based on the linear classical elasticity in 
which the resultant deformation and stresses are proportional to the loading, and the 
superposition of loading is valid. 
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PISYS has a full range of static and dynamic analysis options which include distributed weight, 
thermal expansion, differential support motion modal extraction, response spectra, and time 
history analysis by modal or direct integration.  The PISYS program has been benchmarked 
against five Nuclear Regulatory Commission piping models for the option-of-response-spectrum 
analysis and the results are documented in a report to the Commission, "PISYS Analysis of 
NRC Problem," NEDO-24210, August, 1979. 
 
3.9.1.2.2.5  Relief Valve Discharge Pipe Forces/RVFO R 
 
The relief valve discharge pipe connects the relief valve to the suppression pool.  When the 
valve is opened, the transient fluid flow causes time dependent forces to develop in the pipe 
wall.  This computer program computes the transient fluid mechanics and the resultant pipe 
forces using the method of characteristics.  
 
3.9.1.2.2.6  Turbine Stop Valve Closure/TSFOR 
 
The TSFOR program computes the time history forcing function in the main steam piping due to 
turbine stop valve closure.  The program utilizes the method of characteristics to compute fluid 
momentum and pressure loads at each change in pipe section or direction. 
 
3.9.1.2.2.7  Piping Analysis Program/EZPYP 
 
EZPYP links the ANSI-7 and SAP program together.  The EZPYP program can be used to run 
several SAP cases by making user specified changes to a biasic SAP pipe model.  By 
controlling files and SAP runs the EZPYP program gives the analyst the capability to perform a 
complete piping analysis in one computer run.  
 
3.9.1.2.2.8  Pipe Whip Analysis/PDA 
 
The pipe whip analysis was performed using the PDA computer program.  PDA is a computer 
program used to determine the response of a pipe subjected to the thrust force occurring after a 
pipe break.  The program treats the situation in terms of generic pipe break configuration, which 
involves a straight, uniform pipe fixed at one end and subjected to a time-dependent thrust-force 
at the other end.  A typical restraint used to reduce the resulting deformation is also included at 
a location between the two ends.  Nonlinear and time-independent stress-strain relations are 
used for the pipe and the restraint.  Similar to the popular plastic-hinge concept, bending of the 
pipe is assumed to occur only at the fixed end and at the location supported by the restraint. 
 
Shear deformation is also neglected.  The pipe bending moment-deflection (or rotation) relation 
used for these locations is obtained from a static nonlinear cantilever beam analysis.  Using the 
moment-rotation relation, nonlinear equations of motion of the pipe are formulated using an 
energy consideration and the equations are numerically integrated in small time steps to yield 
time-history information of the deformed pipe. 
 
3.9.1.2.3  Recirculation and ECCS Pumps and Motors 
 
3.9.1.2.3.1  Recirculation Pumps 
 
No computer programs were used in the design of the recirculation pumps. 
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3.9.1.2.3.2  ECCS Pumps and Motors 
 
3.9.1.2.3.2.1  Structural Analysis Program/SAP4G 
 
SAP4G is used to analyze the structural and functional integrity of the ECCS pump/motor 
systems.  This is a general structural analysis program for static and dynamic analysis of linear 
elastic complex structures.  The finite element displacement method is used to solve the 
displacements and stresses of each element of the structure.  The structure can be composed 
of unlimited number of three-dimensional truss, beam, plate, shell, solid, plate strain-plane 
stress and spring elements that are axisymmetric.  The program can treat thermal and various 
forms of mechanical loading.  The dynamic analysis includes mode superposition, time history, 
and response spectrum analysis.  Seismic loading and time-dependent pressure can be treated.  
The program is versatile and efficient in analyzing large and complex structural systems.  The 
output contains displacements of each nodal point as well as stresses at the surface of each 
element.  
 
3.9.1.2.3.2.2  Effects of Flange Joint Connections/FTFLG01 
 
The flange joints connecting the pump bowl castings are analyzed using FTFLG01.  This 
program uses the local forces and moments determined by SAP4G to perform flat flange 
calculations in accordance with the rules set forth in Appendix II and Section III of the ASME 
Code. 
 
3.9.1.2.3.2.3  Structural Analysis of Discharge Head/ANSYS 
 
ANSYS is used to analyze the pump discharge head flange and bolting taking into account of 
the prying action developed by the flag face contact surface.  The program is described in detail 
in 3.12. 
 
3.9.1.2.3.2.4  Beam Element Data Processing/POSUM 
 
POSUM is a computer code designed to process SAP generated beam element data for pump 
or heat exchanger models.  The purpose is to determine the load combination that would 
produce the  maximum stress in a selected beam element.  It is intended for use on RHR heat 
exchangers with four nozzles or ECCS pumps with two nozzles. 
 
3.9.1.2.4  RHR Heat Exchangers 
 
3.9.1.2.4.1  Structural Analysis Programs/SAP4G 
 
SAP4G is used to analyze the structural and functional integrity of the RHR heat exchangers.  
The description of this program is provided in Subsection 3.9.1.2.3.2.1. 
 
3.9.1.2.4.2  Shell Attachment Parameters and Coefficients/BILRD 
 
BILRD is used to calculate the shell attachment parameters and coefficients utilized in the 
stress analysis of the support to shell junction.  The method, per Welding Research Council 
Bulletin No. 107, is implemented to calculate local membrane stress due to the support reaction 
loads on the heat exchanger shell. 
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3.9.1.2.4.3  Beam Element Data Processing/POSUM 
 
POSUM is used to process SAP generated beam element data.  The description of this program 
is provided in Subsection 3.9.1.2.3.2.4. 
 
3.9.1.2.5  Dynamic Loads Analysis 
 
3.9.1.2.5.1  Dynamic Analysis Program/DYSEA 
 
DYSEA simulates a beam model in the annulus pressurization dynamic analysis.  A detailed 
description of DYSEA is provided in Section 4.1.  DYSEA employs a preprocessor program 
names GZAPL.  GZAPL converts pressure time histories into time varying loads and forcing 
functions for DYSEA.  The overall resultant forces and moments time histories at specified 
points of resolution can also be obtained from GZAPL. 
 
3.9.1.2.5.2  Acceleration Response Spectrum Program/SPECA 
 
SPECA generates acceleration response spectrum for an arbitrary input time history of piece-
wise linear accelerations, i.e., to compute maximum acceleration responses for a series of 
single-degree-of-freedom systems subjected to the same input.  It can accept acceleration time 
histories from a random file.  It also has the capability of generating the broadened/enveloped 
spectra when the special points are generated equally spaced on a logarithmic scale axis of 
period/frequency.  This program is also used in seismic and SRV transient analyses. 
 
3.9.1.2.5.3  Fuel Support Loads Program/SEISM 
 
SEISM02 computes the vertical fuel support loads using the component element methods in 
dynamics.  The methodology is based on the publication "The Component Element Method in 
Dynamics," by S. Levy and J. P. D. Wilkinson, McGraw Hill Co., New York, 1976.  
 
3.9.1.3  Experimental Stress Analysis 
 
When experimental stress analysis is used in lieu of analytical methods for Seismic Category I 
ASME Code items, the requirements for experimental testing enumerated in the ASME Code 
applicable for the specific components under test are applied.  When testing is required for 
Seismic Category I non-ASME Code items, account is taken of the effects of differences in size, 
dimensional tolerances, and ultimate strength (or other governing material properties) between 
the actual and tested parts to assure that the loads obtained from tests are realistic or 
conservative representation of the capability of the actual structure. 
 
The following subsections in this section list the components upon which experimental stress 
analysis was used. 
 
3.9.1.3.1  Experimental Stress Analysis of NSSS Piping Components 
 
The following components have been tested to verify their design adequacy: 
 
a) Snubbers 
 
b) Pipe whip restraints 
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Descriptions of the snubber and whip restraint tests are contained in Subsections 3.9.3.4 and 
3.6, respectively. 
 
3.9.1.3.2  Seismic Category I Items Other Than NSSS 
 
Experimental testing is performed in the qualification and acceptance of snubbers, 
compensating struts, and honeycomb material used in energy absorbing components for pipe 
break. 
 
3.9.1.4  Considerations for the Evaluation of Faulted Conditions 
 
All Seismic Category I equipment in the NSSS is evaluated for the faulted loading conditions.  
However, emergency stress limits rather than faulted stress limits were used in many cases.  
In essentially all cases, calculated stresses are within allowable limits.  The following 
paragraphs in subsection 3.9.1.4 show examples of the treatment of faulted conditions for the 
major components on a component by component basis.  Additional discussion of faulted 
analysis can be found in Subsections 3.9.3 and 3.9.5, and Table 3.9-2.   
 
Subsection 3.9.2.2 and Section 3.7 discuss the treatment of dynamic loads resulting from the 
postulated seismic and hydrodynamic events.  Section 3.9.2.5 discusses the dynamic analysis 
of loads affected on reactor internals equipment resulting from blowdown.  Deformations under 
faulted conditions have been evaluated in critical areas and no cases are identified where 
design limits, such as clearance limits, are violated.  
 
3.9.1.4.1  Control Rod Drive System Components 
 
3.9.1.4.1.1  Control Rod Drives 
 
The ASME Code components of the CRD have been analyzed for abnormal conditions shown 
in Subsection 3.9.1.1.1. 
 
The load criteria, calculated and allowable stresses for various operating conditions are 
summarized in Table 3.9-2(u). 
 
The design adequacy of non ASME code components of the CRD has been verified by analysis 
and extensive testing programs on both component parts, specially instrumented prototype 
drives and production drives.  The testing has included postulated abnormal events as well as 
the service life cycle listed in Subsection 3.9.1.1.1. 
 
3.9.1.4.1.2  Hydraulic Control Unit 
 
The Hydraulic Control Unit (HCU) was analyzed for the faulted condition.   
 
The analysis of the HCU under faulted condition loads establishes the structural integrity of the 
system.   
 
Section 3.9.2.2a.2.4 discusses the dynamic qualification of the HCU. 
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3.9.1.4.2  Standard Reactor Internal Components 
 
3.9.1.4.2.1  CR Guide Tube 
 
The maximum calculated stress on the CR Guide Tube occurs in the base during the faulted 
condition.  The loading criteria and calculated and allowable stresses are summarized in Table 
3.9-2aa. 
 
3.9.1.4.2.2  Incore Housing 
 
The maximum calculated stress on the Incore Housing occurs at the outer surface of the vessel 
penetration during the faulted condition.  The loading criteria and calculated and allowable 
stresses are shown in Table 3.9-2ab. 
 
3.9.1.4.2.3  Jet Pump 
 
The maximum stress in the jet pump occurs in the faulted condition due to impulse loading of 
the diffuser during a pipe rupture and blowdown.  Table 3.9-2w summarizes loading criteria, and 
calculated and allowable stresses. 
 
3.9.1.4.2.4  Orificed Fuel Support 
 
A series of vertical and horizontal load tests were performed on the orificed fuel support (OFS) 
in order to verify the design.  Results from these tests indicate that the component and seismic 
loading of the OFS are well below the stress limit allowables with a safety margin of 1.26 for the 
normal and upset conditions, and 1.5 for the faulted condition.  The allowable stress limits were 
arrived at by applying a .65 quality factor to the ASME Code allowables of 1.5 S for the upset 
condition, and 1.5 x .7 Su for the faulted condition. 
 
3.9.1.4.2.5  Control Rod Drive Housing 
 
The CRD Housing is analyzed for the faulted condition considering SSE and hydrodynamic 
loads.  Table 3.9-2v shows that the calculated stresses are within the allowable stresses. 
 
3.9.1.4.3  Reactor Pressure Vessel Assembly 
 
The reactor pressure vessel, support skirt, and the shroud support were evaluated using elastic 
analysis methods for the faulted conditions.  For the support skirt and shroud support an elastic 
analysis was performed and buckling was evaluated for the compressive load.  Table 3.9-2a 
lists the loading criteria and calculated and allowable stresses for the various loading 
combinations. 
 
3.9.1.4.4  Core Support Structure 
 
The evaluations for faulted conditions for the core support structure are discussed in 
Subsection 3.9.5.  The loading criteria and calculated and allowable stresses are summarized 
in Table 3.9-2b. 
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3.9.1.4.5    Main Steam Isolation, Recirculation Gate, and Safety/Relief Valves 
 
Tables 3.9-2g, 3.9-2h, and 3.9-2j provide a summary of the analyses of the safety/relief, main 
steam isolation, and recirculation gate valves, respectively. 
 
Standard design rules, as defined in the ASME Code, Section III, are utilized in the analysis of 
pressure boundary components of Seismic Category I valves. Conventional elastic stress 
analysis is used to evaluate components not defined in the ASME code.  The code allowable 
stresses are applied to determine acceptability of structure under applicable loading conditions 
including faulted condition. 
 
3.9.1.4.6  Main Steam and Recirculation Piping 
 
For Main Steam and Recirculation System piping, elastic analysis methods are used for 
evaluating faulted loading conditions.  The equivalent allowable stresses using elastic 
techniques are obtained from ASME Code Section III, Appendix F, "Rules for Evaluation of 
Faulted Conditions," and these are above elastic limits.  Additional information on the main 
steam and recirculation piping and pipe-mounted equipment is in Table 3.9-2d and 3.9-2e. 
 
3.9.1.4.7  Nuclear Steam Supply System Pumps, Heat Exchanger, and Turbines 
 
The recirculation, ECCS, RCIC, and SLC pumps, RHR heat exchangers and RCIC turbine have 
been analyzed for the faulted loading conditions identified in Subsection 3.9.1.1.  In all cases, 
stresses were within the elastic limits.  The analytical methods, stress limits, and allowable 
stresses are discussed in Subsections 3.9.2.2 and 3.9.3.1. 
 
3.9.1.4.8  Control Rod Drive Housing Supports 
 
Design adequacy of the CRD Housing Supports is shown by comparing the total static and 
dynamic loads to the original design loads.  The comparison shows that the hydrodynamic loads 
and other dynamic loads combined by SRSS are less than the original design loads. 
 
3.9.1.4.9  Fuel Storage Racks 
 
The stress criteria, loadings, calculated stresses, and stress limits for the faulted conditions for 
the new fuel storage racks are shown in Table 3.9-2s.  No inelastic stress analyses were used 
on these components. 
 
Similar information for the spent fuel storage racks was provided by the rack vendor. 
 
3.9.1.4.10  Fuel Assembly (Including Channels) 
 
Seismic/ LOCA loading evaluations for channeled ATRIUM™-10 fuel and channeled Lead Use 
Assemblies are located in Section 4.2. (Fuel System) 
 
3.9.1.4.11  Refueling Equipment 
 
Refueling and servicing equipment that is important to safety is classified as essential 
equipment per the requirements of 10 CFR 50, Appendix A.  This equipment and other 
equipment whose failure would degrade an essential component is defined in Section 9.1 and is 
classified as Seismic Category I.  These components are subjected to an elastic dynamic finite 
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element analysis to generate loadings.  This analysis utilizes appropriate seismic floor response 
spectra and combines loads at frequencies up to 33 Hz for seismic and up to 60 Hz for the 
hydrodynamic loads in three directions.  Imposed stresses are generated and combined for 
normal, upset, and faulted conditions.  Stresses are compared, depending on the specific safety 
class of the equipment, to Industrial Codes, ASME, ANSI or Industrial Standards, AISC, 
allowables.  The calculated stresses and allowable limits for the faulted loads for the fuel 
preparation machine are provided in Table 3.9-2s.  The refueling platform has also been 
examined; it can withstand the faulted loads due to seismic hydrodynamic events. 
 
3.9.1.4.12  Seismic Category I Items Other than NSSS 
 
For statically applied loads, the stress allowables of Appendix F of the ASME Code, Section III, 
Winter 1972 were used for code components.  For non-code components, allowables were 
based on tests or accepted standards consistent with those in Appendix F of the code. 
 
Dynamic loads for components loaded in the elastic range were calculated using dynamic load 
factors, time history analysis, or any other method that assumes elastic behavior of the 
component. 
 
The limits of the elastic range are defined in Paragraph 1323 of Appendix F for the code 
components.  The local yielding due to stress concentration is assumed not to affect the validity 
of the assumptions of elastic behavior.  The stress allowables of Appendix F for elastically 
analyzed components were used for code components.  For non-code components, allowables 
were based on tests or accepted material standards consistent with those in Appendix F for 
elastically analyzed components. 
 
The methods used in evaluating the pipe break effects are discussed in Section 3.6. 
 
 
3.9.2  DYNAMIC TESTING AND ANALYSIS 
 
3.9.2.1a  Preoperational Vibration and Dynamic Effects Testing on NSSS Piping 
 
The test program is divided into three phases:  preoperational vibration, startup vibration, and 
operational transients. 
 
3.9.2.1a.1  Preoperational Vibration Testing 
 
The purpose of the preoperational vibration test phase is to verify that operating vibrations in the 
recirculation piping are acceptable.  This phase of the test uses visual observation. 
 
3.9.2.1a.2  Small Attached Piping 
 
There is no small attached piping in the NSSS scope of supply. 
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3.9.2.1a.3  Startup Vibration 
 
The purpose of this phase of the program is to verify that the main steam and recirculation 
piping vibration are within acceptable limits.  Because of limited access due to high radiation 
levels, no visual observation is made during this phase of the test.  Remote measurements were 
made during the following steady state conditions: 
 
a) Main steam flow at 25% of rated; 
 
b) Main steam flow at 50% of rated; 
 
c) Main steam flow at 75% of rated; 
 
d) Main steam flow at 100% of rated. 
 
3.9.2.1a.4  Operating Transient Loads 
 
The purpose of the operating transient test phase is to verify that pipe stresses are within Code 
Limits.  The amplitude of displacements and number of cycles per transient of the main steam 
and recirculation piping were measured and the displacements compared with acceptance 
criteria.  The deflections are correlated with the calculated deflections to assure that the 
stresses remain within Code limits.  Remote vibration and deflection measurements were taken 
during the following transients:  
 
a) Recirculation pump starts; 
 
b) Recirculation pump trip at 100% of rated flow; 
 
c) Turbine stop valve closure at 100% power; 
 
d) Manual discharge of representative S/R valves at 1,000 psig and at planned 
 transient tests that result in S/R valve discharge. 
 
3.9.2.1a.5  Test Evaluation and Acceptance Criteria 
 
The piping response to test conditions shall be considered acceptable if the organization 
responsible for the stress report reviews the test results and determines that the tests verify that 
the piping responded in a manner consistent with the predictions of the stress report and/or that 
the tests verify that piping stresses are within Code limits.  To insure test data integrity and test 
safety, criteria have been established to facilitate assessment of the test while it is in progress.  
These criteria, designated Level 1 and 2, are described in the following paragraphs. 
 
3.9.2.1a.5.1  Level 1 Criterion 
 
Level 1 establishes the maximum limits for the level of pipe motion which, if exceeded, makes a 
test hold or termination mandatory. 
 
If the Level 1 limit is exceeded, the plant will be placed in a satisfactory hold condition, and the 
responsible piping design engineer will be advised.  Following resolution, applicable tests must 
be repeated to verify that the requirements of the Level 1 limits are satisfied. 
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3.9.2.1a.5.2  Level 2 Criterion 
 
Level 2 specifies the level of pipe motion which, if exceeded, requires that the responsible 
piping design engineer be advised. If the Level 2 limit is not satisfied, plant operating and 
startup testing plans would not necessarily be altered. Investigations of the measurements, 
criteria, and calculations used to generate the pipe motion limits would be initiated.  An 
acceptable resolution must be reached by all appropriate and involved parties, including the 
responsible piping design engineer. Depending upon the nature of such resolution, the 
applicable tests may or may not have to be repeated. 
 
3.9.2.1a.6  Corrective Actions 
 
During the course of the tests, the remote measurements shall be regularly checked to 
determine compliance with the Level 1 criterion.  If trends indicate that the Level 1 criterion may 
be violated, the measurements shall be monitored at more frequent intervals.  The test will be 
held or terminated as soon as the criterion is violated.  As soon as possible after the test hold or 
termination, the following corrective actions will be taken:  
 
a) Installation Inspection.  A walkdown of the piping and suspension will be made to identify 

any obstruction or improperly operating suspension components.  If vibration exceeds 
criteria, the source of the excitation must be identified to determine if it is related to 
equipment failure.  Action will be taken to correct any discrepancies before repeating the 
test. 

 
b) Instrumentation Inspection.  The instrumentation installation and calibration will be 

checked and any discrepancies corrected.  Additional instrumentation will be added, 
if necessary. 

 
c) Repeat Test.  If actions (a) and (b) identify discrepancies that could account for failure 

to meet the Level 1 criterion, the test will be repeated. 
 
d) Resolution of Findings.  If the Level 1 criterion is violated on the repeat test or no 

relevant discrepancies are identified in (a) and (b), the organization responsible for the 
stress report shall review the test results and criteria to determine if the test can be 
safely continued. 

 
If the test measurements indicate failure to meet the Level 2 criterion, the following corrective 
actions will be taken after completion of the test: 
 
a) Installation Inspection.  A walkdown of the piping and suspension shall be made to 

identify any obstruction or improperly operating suspension components.  If vibration 
exceeds limits, the source of the vibration must be identified.  Action, such as 
suspension adjustment, will be taken to correct any discrepancies. 

 
b) Instrumentation Inspection.  The instrumentation installation and calibration will be 

checked and any discrepancies corrected. 
 
c) Repeat Test.  If (a) and (b) above identify a malfunction or discrepancy that could 

account for failure to comply with Level 2 criterion and appropriate corrective action has 
been taken, the test may be repeated. 
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d) Documentation of Discrepancies.  If the test is not repeated, the discrepancies found 
under actions (a) and (b) above shall be documented in the test evaluation report and 
correlated with the test condition.  The test will not be considered complete until the test 
results are reconciled with the acceptance criteria. 

 
3.9.2.1a.7  Measurement Locations 
 
Remote shock and vibration measurements were made in the three orthogonal directions near 
the first downstream S/R valve on each steam line; and in the three orthogonal directions on the 
piping between the recirculation pump discharge and the first downstream valve.  During 
preoperational testing prior to fuel load, visual inspection of the piping was made, and any 
visible vibration measured with a handheld instrument. 
 
For each of the selected remote measurement locations, Levels 1 and 2 deflection and 
acceleration limits were prescribed in the startup test specification.  Level 2 limits were based on 
the results of the stress report adjusted for operating mode and instrument accuracy; Level 1 
limits were based on maximum allowable Code stress limits. 
 
3.9.2.1b  Preoperational Thermal Vibration and Dynamic Effects of Testing of Piping other than 

NSSS 
 
The dynamic effects on all safety-related ASME Class 1, 2, and 3 piping systems, including their 
supports and restraints, are considered as required by NB-3622.3, NC-3622, and ND-3622 of 
Section III of ASME B&PV Code.  The structural and functional integrity of the piping system is 
ensured under a postulated seismic event by dynamic analysis only. Piping systems having 
significant anticipated transients loads, e.g., main stop valve closure or relief valve blow for 
example, are analyzed for the time-dependent forces.  In addition, piping steady state vibration 
and dynamic transient tests were performed as summarized below, to ensure that  
 
a) Excessive steady state vibration is not present in the piping that would result in 

piping stresses and restraint loads above the allowables. 
 
b) The piping is adequately restrained to withstand the dynamic transient loads. 
 
Cognizant design personnel familiar with the systems to be tested developed the test plans, and 
evaluate the test results.  Also the cognizant design personnel witnessed the test.  The data 
acquired from the tests was compared with the expected results to determine the acceptability 
of the total system response.  
 
A list of all piping systems in the BOP is provided in Table 3.9-20.  ASME Section III Class 1, 2 
and 3 piping systems, high energy piping systems, moderate energy piping systems, seismic 
Category I and seismic Category II systems are identified in the Table.  The Table also identifies 
the tests to be performed for each system. 
 
Piping thermal expansion tests are performed for the safety-related piping systems with normal 
operating temperature exceeding 300°F.  Safety-related piping systems with normal operating 
temperature less than 300°F do not have enough significant thermal expansion to warrant 
thermal expansion tests.  Engineering review of all seismic Category I piping systems, including 
their supports, restraints or snubbers, is performed after completion of construction and prior to 
fuel load to ensure that no restraint of normal thermal movement occurs due to interferences 
and obstructions, and that the support and restraints are in accordance with the design intent.  
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For the systems receiving thermal expansion tests, the pipe movements are monitored to 
ensure that no restraint of normal thermal movement occurs at locations other than at the 
designed restraint locations. 
 
The thermal expansion test program verifies that the free thermal expansion of piping systems 
takes place at the snubbers by monitoring the thermal movement.  Performance of the snubbers 
designed for transient loads such as due to Main Stop Valve Closure or Main Steam Relief 
Valve Discharge are verified by measuring the load in the snubber during the dynamic transient 
tests.  The snubbers are qualified by dynamic testing for cyclic loading as described in 
Subsection 3.9.3.4.1. 
 
The acceptance criterion for thermal expansion tests and dynamic transient tests is that the 
measured pipe displacements or restraint loads shall be below the calculated or design values. 
 
The acceptance criterion for the steady-state vibration tests is: 
 
Either 
 
The maximum measured amplitude of the piping vibration shall not induce a stress in the pipe 
more than half the endurance limit of the material for B31.3 piping.  The maximum stress in the 
pipe due to steady state vibration for class 1, 2 & 3 piping is limited to one-half of the endurance 
limit (allowable stress corresponding to 106 cycles in Appendix I of ASME Section III), the 
steady-state vibration-induced stress will not contribute to the reduction of fatigue life of piping. 
 
Or 
 
Acceptance criterion are divided into two categories, i.e., Level 1 and Level 2.  If the Level 1 
criterion is violated, the test must be placed on hold.  If the Level 2 criterion is violated, the test 
can continue, but the measurements must be evaluated to verify that continued test operation 
will not result in exceeding piping fatigue requirements. 
 
For steady state vibration the piping peak stress zero to peak due to vibration only (neglecting 
pressure) will not exceed 10,000 psi for the Level 1 criterion and 5,000 psi for the Level 2 
criterion.  These limits are below the piping material fatigue endurance limits as defined for 106 
cycles in Appendix I of the ASME Code, Section III. 
 
The Table 3.9-20 provides cross reference between the FSAR Section 3.9 and the appropriate 
test description in FSAR Chapter 14. 
 
3.9.2.1b.1  Piping Dynamic Transient Tests 
 
During the preoperational and/or startup testing, dynamic transient tests will be performed on 
the following piping for the indicated modes of operation.  
 
a) Main steam piping outside the containment for main steam turbine stop valve closure at 

30 percent ±10%, 75 percent ±10%, and 100 percent +0 -10% power. 
 
b) Main steam bypass piping to the anchor near the bypass valves for the turbine stop 

valve closure. 
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c) Selected main steam safety/relief valve discharge piping for the main steam relief valve 
opening.  The selected SRV discharge piping brackets all the SRV discharge piping. 

 
d) HPCI turbine steam supply piping for HPCI turbine trip. 
 
e) Feedwater system reactor feed pump trip/coastdown under operating conditions; 

Pump A only, B only, and C only and at normal pump flowrate. 
 
From past experience, the dynamic transients in other piping systems are not significant. 
 
Dynamic transient analysis of the subject lines has been performed to determine the response 
of the piping system and the restraint loads.  During the test the displacement of the pipe, loads 
in the snubbers and restraints and pressure at representative locations will be measured. 
 
Acceptance criteria for this test are that the measured loads in the snubbers and restraints shall 
be below the design values of the snubbers and restraints.  In the case (e) the acceptance 
criteria is that the measured response shall be less than the acceptable response determined by 
analysis.  
 
3.9.2.1b.2  Piping Steady State Vibration Testing 
 
The piping system associated with the following components' operation will be observed for 
steady state vibration during preoperational test programs or power ascension: 
 
a) RHR pump 
 
b) HPCI pump and turbine 
 
c) RCIC pump and turbine 
 
d) Core spray pump 
 
e) Main Steam 
 
f) Feedwater 
 
g) Reactor Water Cleanup 
 
From experience on other nuclear power plants, the steady state vibration in other piping 
systems is not critical. However, abnormal vibrations of other systems during system walkdown 
on initial startup or power escalation will be noted and instrumented if necessary to determine 
the acceptability of such vibration. 
 
Steady-state vibration in the subject piping systems is primarily induced by the flow in the pipe 
and the equipment motion. In general, the specific causes of the steady-state vibration is not 
known beforehand; therefore, design engineers with stress analysis experience and familiarity 
with the subject piping system will visually observe the lines or monitor inaccessible lines with 
suitable instrumentation during all significant modes of system operation and classify each line 
as acceptable if the vibration is not significant, or questionable if vibration is significant.  The 
lines with questionable steady-state vibration will be monitored by suitable instrumentation to 
determine the system response. 
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The type of the instrumentation, if necessary, will be determined by the design engineer so that 
the maximum amplitude and frequency response of the piping system can be determined.  The 
instrumentation will not screen out the significant frequencies.  
 
For lines with questionable steady-state vibration, the acceptance criterion is as discussed in 
Subsection 3.9.2.1b. 
 
When required, additional restraints will be provided to reduce the steady-state vibration and to 
keep the stresses below the acceptance criterion levels. 
 
3.9.2.2a  Seismic and Hydrodynamic Qualification of Safety-Related NSSS Mechanical 

Equipment 
 
This subsection describes the criteria for dynamic qualification of mechanical safety-related 
equipment and also describes the qualification testing and/or analysis applicable to this plant for 
all the major components on a component-by-component basis.  In some cases, a module or 
assembly consisting of mechanical and electrical equipment is qualified as a unit, for example, 
motor powered pumps.  These modules are generally discussed in this paragraph rather than 
providing discussion of the separate electrical parts in Sections 3.10 and 3.11.  Dynamic 
qualification testing for pumps and valves is also discussed in Subsection 3.9.3.2.  Electrical 
supporting equipment such as control consoles, cabinets, and panels which are part of the 
NSSS are discussed in Subsection 3.10. 
 
All safety related NSSS mechanical equipment located in the Containment and the Reactor and 
Control Buildings are qualified for the combined seismic and hydrodynamic vibratory loadings.  
Procedures for the assessment and requalification of safety-related NSSS mechanical 
equipment for the additional hydrodynamic loads are described in Section 7.1.6 of the Design 
Assessment Report (DAR.) 
 
3.9.2.2a.1  Tests and Analysis Criteria and Methods 
 
The ability of equipment to perform its safety-related function during and after the application of 
dynamic loads is demonstrated by tests and/or analysis.  Selection of testing, or analysis, or a 
combination of the two is determined by the type, size, shape, and complexity of the equipment 
being considered. When practical, equipment operability is demonstrated by testing.  Otherwise, 
operability is demonstrated by mathematical analysis. 
 
Equipment which is large, simple, and/or consumes large amounts of power is usually qualified 
by analysis or test to show that the loads, stresses and deflections are less than the allowable 
maximum.  Analysis and/or testing is also used to show there are no natural frequencies below 
33 Hz for seismic loads and 60 Hz for hydrodynamic loads.  If a natural frequency is discovered, 
dynamic tests may be conducted and in conjunction with mathematical analysis used to verify 
operability and structural integrity at the required dynamic input conditions. When the equipment 
is qualified by dynamic test, either the response spectrum or time history of the attachment point 
is used in determining input motion. 
 
Natural frequency may be determined by running a continuous sweep frequency search using a 
sinusoidal steady-state input of low magnitude.  Dynamic loading conditions are simulated by 
testing using random vibration input or single frequency input (within equipment capability) at 
frequencies through 35 Hz.  Whichever method is used, the input amplitude during testing 
envelopes the actual input amplitude expected during dynamic loading conditions. 
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The equipment being dynamically tested is mounted on a fixture which simulates the intended 
service mounting and causes no dynamic coupling to the equipment.   
 
Equipment having an extended structure, such as a valve operator, is analyzed by applying 
static equivalent dynamic loads at the center of gravity of the extended structure.  In cases 
where the equipment structural complexity makes mathematical analysis impractical, a test is 
used to determine spring constant and operational capability at maximum equivalent dynamic 
loading conditions.  Pipe-mounted equipment is analyzed in the piping system dynamic 
analysis. 
 
3.9.2.2a.1.1  Test Input Motion 
 
When random vibration input is used, the actual input motion envelopes the appropriate floor 
input motion at the individual modes.  However, single frequency input, such as sine beats, can 
be used provided one of the following conditions are met: 
 
a) The characteristics of the required input motion are dominated by one frequency. 
 
b) The anticipated response of the equipment is adequately represented by one mode. 
 
c) The input has sufficient intensity and duration to excite all modes to the required 

magnitude, such that the testing response spectra will envelope the corresponding 
response spectra of the individual modes. 

 
3.9.2.2a.1.2  Application of Input Motion 
 
When dynamic tests are performed, the input motion is applied to one vertical and one 
horizontal axis simultaneously.  However, if the equipment response along the vertical direction 
is not sensitive to the vibratory motion along the horizontal direction, and vice versa, then the 
input motion is applied to one direction at a time.  In the case of single frequency input, the time 
phasing of the inputs in the vertical and horizontal directions are such that a purely rectilinear 
resultant input is avoided. 
 
3.9.2.2a.1.3  Fixture Design 
 
The fixture design will simulate the actual service mounting and cause no dynamic coupling to 
the equipment. 
 
3.9.2.2a.1.4  Prototype Testing 
 
Equipment testing has been conducted on prototypes of the equipment installed in this plant. 
 
3.9.2.2a.2    Seismic and Hydrodynamic Qualification of Specific Mechanical Components 
 
The following sections discuss the testing or analytical qualification of NSSS equipment.  
Seismic and hydrodynamic qualification is also described in Subsections 3.9.1.4, 3.9.3.1, and 
3.9.3.2. 
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3.9.2.2a.2.1  Jet Pumps 
 
A dynamic analysis of the jet pumps was performed.  The stresses resulting from the analysis 
are below the design allowables. 
 
3.9.2.2a.2.2  CRD and CRD Housing 
 
The dynamic qualification of the CRD housing (with enclosed CRD) was done analytically.  The 
results of this analysis established the structural integrity of these components.  Preliminary 
dynamic tests have been conducted to verify the operability of the Control Rod Drive during a 
dynamic event.  A test was performed in which the CRD was shown to function satisfactorily, 
while a static bow in the fuel channels was used to simulate dynamic loading. 
 
3.9.2.2a.2.3  Core Support (Orificed Fuel Support and CR Guide Tube) 
 
A detailed analysis imposing dynamic effects due to seismic and hydrodynamic events has 
shown that the maximum stresses developed during these events are much lower than the 
maximum allowed for the component material. 
 
3.9.2.2a.2.4  Hydraulic Control Unit (HCU) 
 
The seismic and hydrodynamic load adequacy of the HCU for the faulted condition is 
demonstrated by test and analysis.  With the HCU's mounted on a seismic support structure, the 
dynamic loading results from application of 3.0g vertical at the natural frequency of 7 to 30 Hz, 
and 1.0g horizontal at 2 to 6 Hz, and 5.0g horizontal at 10 Hz.  At these frequencies, the 
maximum HCU capability demonstrated for dynamic loading is 20g vertical at 7 to 30 Hz, and 
greater than 4g horizontal at 2 to 6 Hz, and 8g horizontal at 10 Hz. 
 
3.9.2.2a.2.5  Fuel Channels 
 
Fuel channel loading is discussed in Section 3.9.1.4.10. 
 
3.9.2.2a.2.6  Recirculation Pump and Motor Assembly 
 
Calculations are made to determine that the recirculation pump and motor assembly are 
designed to withstand the specific static to seismic and hydrodynamic forces.  The flooded 
assembly was analyzed as a free body supported by constant support hangers from the 
brackets on the motor mounting member with mechanical snubbers attached to brackets 
located on the pump case and the top of the motor frame. 
 
Primary stresses due to horizontal and vertical dynamic forces were considered to act 
simultaneously and are conservatively added directly. Horizontal and vertical dynamic forces 
were applied at mass centers and equilibrium reactions determined for motor and pump 
brackets. 
 
3.9.2.2a.2.7  ECCS Pump and Motor Assembly 
 
Pump/motor assemblies were analyzed with static loading equivalent to seismic acceleration 
under faulted conditions since the natural frequencies are above 33 Hz.  The maximum 
specified vertical and horizontal accelerations were applied simultaneously in the worst case 
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combination and the results of the analysis indicate that the pump is capable of sustaining the 
loadings without overstressing the pump components. 
 
A motor of similar design has been dynamically qualified by a combination of static analysis and 
dynamic testing.  The motor has been seismically qualified via dynamic testing in accordance 
with IEEE 344, 1975.  The qualification test program included demonstration of startup and 
shutdown capabilities, as well as no load operability during seismic and hydrodynamic loading 
conditions. 
 
3.9.2.2a.2.8  RCIC Pump Assembly 
 
The barrel type RCIC pump is mounted on a large cross-section pedestal. 
 
The RCIC pump assembly is qualified by analysis using static loading equivalent to seismic and 
hydrodynamic loading with the design operating loads and temperature.  The results of this 
analysis confirm that the calculated stresses are substantially less than the allowable stresses.  
 
3.9.2.2a.2.9  RCIC Turbine Assembly 
 
The RCIC turbine is qualified by analysis using static loading equivalent to dynamic loading.  
The turbine assembly and its components were considered to be supported as designed.  
Horizontal/vertical accelerations were applied to the mass centers of gravity.  The magnitude of 
the acceleration coefficients was 3.0g horizontal and 1.0g vertical.  The results of the analysis 
indicate that the turbine assembly is capable of sustaining the above loadings without 
overstressing any components. 
 
The turbine assembly is qualified by dynamic testing, in accordance with IEEE 344-1975.  The 
qualification test program demonstrated start-up, steady-state operability, and shutdown 
capabilities.  
 
3.9.2.2a.2.10  Standby Liquid Control Pump and Motor Assembly 
 
The SLC positive displacement pump and motor are mounted on a common base plate which is 
qualified by static analysis using static loading equivalent to the dynamic loading with the design 
operating loads and temperature. 
 
The results of this analysis confirm that the calculated stresses are substantially less than the 
allowable stresses. 
 
3.9.2.2a.2.11  RHR Heat Exchangers 
 
A three-dimensional finite element model of the RHR heat exchanger and its support was 
developed and analyzed using the response spectrum method to verify that the heat exchanger 
can withstand seismic and hydrodynamic loads.  The same model was statically analyzed to 
evaluate the effects of the external piping loads and dead weight to ensure that the nozzle load 
criteria and stress limits are met.  Critical location stresses were evaluated and found to be 
lower than the corresponding allowable values. 
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3.9.2.2a.2.12  Safety Relief Valves (SRV) 
 
Three SRVs of the Susquehanna design were subjected to the following qualification test 
programs in order to demonstrate compliance with the performance requirements under the 
specified conditions. 
 
1. Life Cycle Tests - These tests consisted of subjecting each of the prequalification 

production units to approximately 300 safety and relief actuations in order to verify 
acceptability of the design to meet the requirements for (a) set pressure, (b) opening and 
closing response time, (c) blowdown, (d) seat tightness, (e) achievement of rated-
capacity flow lift (ASME) during each actuation, (f) proper reclosure after each actuation 
without a tendency to stick open, chatter, or resulting in disc oscillation, and (g) opening 
without any inlet pressure applied which requirement (h) simulates an emergency 
operability condition. 

 
Conditions such as operating temperature, pressure ramp rate, dynamic and static back-
pressures, pneumatic operating pressure and solenoid voltage were varied to assure 
valve operability under normal and transient operating conditions.  Upon completion of 
the tests, test units were disassembled and inspected.  This test program established 
the qualified service life of the safety relief valve. 

 
2. Seismic Tests - The test units were subjected to seismic tests to simulate the normal, 

upset, emergency, and faulted conditions.  
 

Post-OBE and post-SSE reference frame tests were performed to determine the 
operability effects due to repeated combinations of seismic simulations, nozzle loadings, 
temperature and pressure.  These reference frame tests consisted of set pressure 
determination during safety actuation, response time determination during relief 
actuation, valve leakage, and an emergency operability test.  These reference frame 
tests were performed with induced nozzle loads applied. 

 
In order to evaluate the design capability of the test unit, the OBE and SSE tests were 
repeated using a higher input level.  The test conditions during these tests are shown in 
Table 5.2-3. 

 
After the seismic tests, the electro-pneumatic actuator assembly was removed from the 
test unit and subjected to post seismic reference frame tests, a negative pressure test, 
post-negative pressure reference frame tests, a postulated Loss of Coolant Accident 
(LOCA) environmental test, and a post-LOCA reference frame test and inspection. 

 
3.9.2.2a.2.13  Standby Liquid Control Tank 
 
The standby liquid control tank is a cylindrical tank 9 feet in diameter and 12 feet high bolted to 
the concrete floor.  The Standby Liquid Control Tank is qualified by analysis for: 
 
a) Stresses in the tank bearing plate 
 
b) Belt stresses 
 
c) Sloshing loads imposed at the natural frequency of sloshing, which is 0.58 Hz 
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d) Minimum wall thickness 
 
e) Buckling 
 
The results of the analysis confirm that the calculated stresses at the investigated locations are 
below the allowable stresses. 
 
3.9.2.2a.2.14  Main Steam Isolation Valves 
 
The main steam isolation valves were analyzed; representative models were statically tested to 
demonstrate operability at the specified faulted condition.  Static testing consisted of loading the 
valve actuator mechanically to equivalent specified dynamic loading while valve closure was 
performed.  Operation of the valve under simulated faulted conditions was demonstrated by this 
test. 
 
3.9.2.2a.2.15  Main Steam Safety/Relief Valves 
 
Due to the complexity of the SRVs and the performance requirements, the total assembly of the 
safety/relief valve (including electrical, pneumatic devices) was dynamically tested at 
accelerations equal to or greater than the combined specified SSE and hydrodynamic loading. 
Satisfactory operation of the valves was demonstrated during and after the test. 
 
3.9.2.2a.2.16  HPCI Turbine 
 
The HPCI turbine was qualified by static analysis equivalent seismic acceleration.  The turbine 
assembly and its components were considered to be supported as designed, and loading 
equivalent to horizontal/vertical accelerations was applied to the center of mass.  The results of 
the analysis indicate that the turbine assembly is capable of sustaining the loadings without 
overstressing any components.  The turbine electronic governor assembly has been seismically 
qualified via dynamic testing, in accordance with IEEE 344-1975.  The qualification test program 
demonstrated startup, steady state operability, and shutdown capabilities. 
 
3.9.2.2a.2.17  HPCI Pump 
 
The HPCI pump is a split body type comprising a booster pump and a main pump mounted on a 
common base plate.  The pump assembly behaves as a rigid body; therefore, qualification by 
analysis was performed.   Results are obtained by using acceleration forces acting 
simultaneously in two directions, one vertical and one horizontal and calculated using the 
square root of the sum of the squares method.  The pump mass, support system, and 
accessory piping are shown by analysis to have a natural frequency less than 33 Hz. 
 
3.9.2.2b  Seismic Qualification Testing of Safety Related Non-NSSS Mechanical Equipment 
 
All Non-NSSS Seismic Category I equipment has been designed to withstand simultaneously 
the horizontal and vertical accelerations caused by the OBE and the SSE, in conjunction with 
other applicable loads.  All equipment classified as active have demonstrated through 
qualification that they will perform their design function before, during and after a design basis 
accident. 
 
The criteria for the seismic qualification of non-NSSS mechanical and electrical equipment, with 
the exception of valves, valve operators other than relief valves and the equipment found in the 
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Diesel Generator 'E' Building, is contained in project specification No. 8856-G-10 for a seismic 
environment complemented by No. 8856-G-22 for a combined seismic and hydrodynamic 
environment.  For the Diesel Generator 'E' facility, the criteria for seismic qualification of 
mechanical and electrical equipment is contained in project specification No. C-1041 and 
Cooper Energy Services Standard No. SD-140.  The standard IEEE-344, "Seismic Qualification 
of Class 1E Equipment for Nuclear Power Generating Stations", is referenced in the G-10 and 
C-1041 Specifications and is being used as a supplement to the G-10, G-22, and C-1041 
Specifications in the individual equipment procurement documentation package.  Specifications 
G-10, G-22, and C-1041 and Standard IEEE-344 address the requirements of the 
demonstration of the seismic adequacy of equipment by analysis and/or tests.  NRC Regulatory 
Guide 1.100 Revision 1, August 1977 accepts the use of standard IEEE-344 with a few 
modifications.  Table 3.9-18 shows the comparison of the specification G-10 with IEEE-344-
1975. 
 
Non-NSSS motor-and air-operated valves are addressed in Subsection 3.9.3.2b.2.  Control 
valves are addressed in Section 3.10b. 
 
The assessment and requalification of safety-related non-NSSS mechanical equipment for the 
additional hydrodynamic loads are described in Section 7.1.7 of the Design Assessment Report 
(DAR). 
 
3.9.2.2b.1   Safety-Related and Safety-Impacted Mechanical Equipment Other than for  
 the NSSS 
 
3.9.2.2b.1.1  Dynamic Analysis Without Testing 
 
Structural analysis without testing was used if structural integrity alone could ensure the 
intended design function. Equipment that falls into this category includes:  
 
Safety-Related 
 
a) Diesel oil storage tanks 
 
b) Containment instrument gas accumulators 
 
c) Suppression pool suction strainers 
 
d) Nuclear safety/relief valves 
 
e) Vacuum breakers 
 
Safety-Impacted 
 
f) Supports for air handling units 
 
g) Diesel building supports for cranes 
 
h) Reactor building supports for cranes 
 
i) Fuel pool skimmer surge tanks 
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Rotational analysis without testing was used to qualify heavy rotating machinery where it had to 
be verified that deformations from seismic loading would not bind the rotating element so that 
the component could not perform its intended design function. Components that fall into this 
category include: 
 
a) Diesel generators 
 
b) Diesel oil transfer pumps 
 
c) RHR service water pumps 
 
d) Emergency service water pumps 
 
e) Control room centrifugal water chiller pumps 
 
Refer to Tables 3.9-16 and 3.9-17 for listings of dynamically qualified equipment. 
 
3.9.2.2b.1.2  Dynamic Testing 
 
The equipment subjected to dynamic testing are the hydrogen recombiners (NSD-E-JFW 1003 
March 4, 1975) and rupture discs (Black Sivalls Bryson, January 3, 1977).  The rupture discs 
are installed in the exhaust of the HPCI and RCIC turbines. 
 
3.9.2.2b.2  Criteria 
 
For dynamic analysis without testing the equipment listed under Subsection 3.9.2.2b.1.1, and 
for dynamically testing the rupture discs under Subsection 3.9.2.2b.1.2, the criteria are as 
follows. 
 
Response Spectrum Curves 
 
The appropriate response spectrum curves for the equipment in question were issued with the 
material requisition or the equipment specification, for OBE, SSE, LOCA and SRV (LOCA & 
SRV only when applicable).  Response spectrum curves are based upon the seismic analysis of 
the supporting structure and represent the maximum seismic response, as a function of 
oscillator frequency, of an array of single degree of freedom damped oscillators at a particular 
location within the structure. Response spectrum curves, plotted in terms of acceleration versus 
frequency, correspond to various locations within the buildings and are identified with respect to 
the points noted on the mathematical model for each direction of vibration to be considered.  
This may include the vertical as well as both the north-south and the east-west horizontal 
directions. In addition, each response spectrum curve corresponds to a particular damping ratio, 
i.e., the ratio of damping of the single degree of freedom oscillators to critical damping.  See 
Section 3.7 for the appropriate response spectrum curves. 
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Load Combinations and Allowable Stress Limits 
 
Seismic Category I equipment has been designed to withstand the more severe of the following 
load combinations: 
 
a) OBE Conditions 
 

Gravity loads and operating loads (or Design Basis Accident loads, if applicable) 
including associated temperature and pressures combined by absolute sums with the 
dynamic seismic loading of the OBE.  Allowable stresses in the structural steel portions 
may be increased to 125 percent of the allowable working stress limits as set forth in 
ASME Boiler and Pressure Vessel Code Section III, or other applicable industrial codes. 
The customary increase in normal allowable working stress due to an earthquake shall 
be used if, according to the appropriate code, it is less than 25 percent.  Resulting 
deflections, misalignment or binding of parts, or effects on electrical performance 
(microphones, contact bounce, etc.) do not prevent operation of the equipment during or 
after the seismic disturbance. 

 
b) SSE Conditions 
 

Gravity loads and operating loads (or Design Basis Accident loads, if applicable), 
including associated temperatures and pressures combined by absolute sums with the 
dynamic seismic loading of the SSE.  Allowable stresses in the structural portions may 
be increased to 150 percent of allowable working stress limits in accordance with the 
appropriate codes listed in (a); however, the stresses may not exceed 0.9 Fy in bending, 
0.85 Fy for axial tension, and 0.5 Fy in shear, where Fy equals the material minimum 
yield stress at the design temperature. For equipment designed by the maximum shear 
stress theory, the difference between the maximum and minimum principal stresses will 
not exceed 0.9 Fy.  The resulting deflections, misalignment, or binding of parts, or 
effects on electrical performance (microphones, contact bounce, etc.) will not prevent 
operation of the equipment during or after the seismic disturbance. 

 
Prevention of Overturning and Sliding 
 
Stationary equipment is designed to prevent overturning or sliding by using anchor bolts or other 
suitable mechanical anchoring devices.  The effect of friction on the ability to resist sliding is 
neglected.  The effect of upward vertical seismic loads on reducing overturning resistance is 
considered.  Anchoring devices are designed in accordance with the requirements of Items 
a) and b) and the AISC Manual of Steel Construction.  The proposed anchoring system is 
shown on the Seller's drawings so that the Buyer can provide the proper foundation. 
 
Dynamic Testing 
 
Seismic adequacy was established for the rupture discs by dynamically testing them to meet the 
criteria defined under a and b above.  Actual testing of equipment was done with base 
connections simulating the actual installation in accordance with one of the following methods: 
 
a) The equipment was subjected to an input excitation such that the measured response 

was equal to or greater than the specified design response. 
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b) The equipment was subjected to an input excitation whose response spectrum equaled 
or exceeded the specified response spectrum for that location. 

 
Criteria for the Diesel Fuel Oil Storage Tanks 
 
These tanks are buried below grade under a cover of 16 ft (8 ft for diesel 'E' fuel tank) of earth.  
Equivalent fluid pressure of soil is 110 lb/ft3 (100 lb/ft3 for diesel 'E' fuel tank). 
 
Tanks and tank supports are designed to withstand an H-20 loading, according to AASHTO, 
applied above 16 ft (8 ft for diesel 'E' fuel tank) of saturated overburden.  The H-20 loading acts 
simultaneously with normal fluid pressure.  Tank walls and ends will not deflect more than 3 
percent maximum under the most unfavorable loading conditions. 
 
The diesel fuel oil storage tanks are designed, fabricated, tested, and stamped in accordance 
with the ASME Code, Section III, Class 3.  The tanks, including vents and openings, are 
designed as underground atmospheric tanks in accordance with OSHA Section 1910.106. 
 
Tanks and their supports are designated Seismic Category I, and are designed to resist the 
increased earth pressure from the OBE and the SSE.  For the OBE, the lateral earth pressure is 
90 psf (180 psf for diesel 'E' fuel tank), for the SSE, 180 psf (330 psf for diesel 'E' fuel tank).  
When combined with other normal operating conditions, the stresses are limited to 125 percent 
of the ASME Code, Section III allowable stresses for the OBE condition, and are limited to 90 
percent of the material's yield stress for the SSE condition. 
 
Tanks are designed to withstand external pressure resulting from being buried in ground having 
a water table surface at ground level when the tanks are empty. Hydraulic uplift forces on buried 
tanks are resisted by the weight of the empty tank and the foundation mat plus 16 ft (8 ft for 
diesel 'E' fuel tank) of saturated overburden. 
 
3.9.2.3  Dynamic Response of Reactor Internals under Operational Flow Transients and 

Steady State Conditions 
 
The major reactor internal components within the vessel are subjected to extensive testing.  
In addition, dynamic system analyses are conducted to describe and evaluate the flow-induced 
vibration phenomena resulting from normal reactor operation and from anticipated operational 
transients. 
 
In general, the vibration forcing functions for operational flow transients and steady state 
conditions are not predetermined by detailed analysis.  Special analysis of the response signals 
measured from reactor internals of many similar designs are performed to obtain the 
parameters which determine the amplitude and modal contributions in the vibration responses. 
These studies are useful for extrapolating the results from tests to components of similar design.  
This vibration prediction method is appropriate where standard hydrodynamic theory cannot be 
applied due to complexity of the structure and flow conditions.  Elements of the vibration 
prediction method are outlined as follows: 
 
1) Dynamic analysis of major components and subassemblies is performed to identify 

natural vibration modes and frequencies.  The analysis models used for Seismic 
Category 1 structures are similar to those outlined in subsection 3.7.2. 
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2) Data from previous plant vibration measurements is assembled and examined to identify 
predominant vibration response modes of major components.  In general, response 
modes are similar but response amplitudes vary among BWRs of differing size and 
design. 

 
3) Parameters are identified which are expected to influence vibration response amplitudes 

among the several reference plants.  These include hydraulic parameters such as 
velocity and steam flow rates, and structural parameters such as natural frequency and 
significant dimensions. 

 
4) Correlation functions of the variable parameters are developed which, multiplied by 

response amplitudes, tend to minimize the statistical variability between plants.  A 
correlation function is obtained for each major component and response mode. 

 
5) Predicted vibration amplitudes for components of the prototype plant are obtained from 

these correlation functions, based on applicable values of the parameters for the 
prototype plant.  The predicted amplitude for each dominant response mode is stated in 
terms of a range, taking into account the degree of statistical variability in each of the 
correlations.  The predicted mode and frequency are obtained from the dynamic 
analyses of paragraph 1 above. 

 
The dynamic modal analysis also forms the basis for interpretation of the prototype plant 
preoperational and initial startup test results (Subsection 3.9.2.4). Modal stresses are calculated 
and relationships are obtained between sensor response amplitudes and peak component 
 
3.9.2.4  Confirmatory Flow-Induced Vibration Testing of Reactor Internals 
 
Reactor internals were tested in accordance with provisions of Regulatory Guide 1.20, Revision 
2, for Non-prototype Category I plants.  The test procedure required operation of the 
recirculation system at rated flow with internals important to safety installed.  Inspection for 
evidence of vibration, wear, or loose parts followed.  Blade guides, incore instruments, neutron 
sources, dryer and fuel were not installed.  Control rods were either not installed or fully 
withdrawn and prevented from inserting.  The test duration was sufficient to subject critical 
components to at least 106 cycles of vibration during two-loop and single-loop operation of the 
recirculation system.  At the completion of the flow test, the vessel head and shroud head were 
removed, the vessel was drained and major components will be inspected on a selected basis.  
The inspection covered all components which were examined on the prototype design, including 
the shroud, shroud head, core support structures, jet pumps, peripheral control rod drive guide 
tubes and peripheral in-core guide tubes.  Access will be provided to the reactor lower plenum. 
 
Reactor internals for Susquehanna are substantially the same as the internals design 
configurations that have been tested in prototype BWR/4 plants.  Results of the prototype tests 
are presented in a Licensing Topical Report (Ref. 3.9-7).  This report also contains additional 
information on the confirmatory inspection program. 
 
A labyrinth seal, consisting of five circumferential grooves on each jet pump mixer at the slip 
joint interface with the jet pump diffuser collar, reduces leakage at the slip joint.  Tests 
performed by General Electric Company (Reference 3.9-10) demonstrated that the labyrinth 
seals reduce leakage through the slip joints.  However, SSES no longer credits the labyrinth 
seals with this function.   Jet pumps are equipped with either Slip Joint Diffuser Rings or Slip 
Joint Clamps.  Slip Joint Diffuser Rings reduce leakage and leakage induced vibration, and are 
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designed to clamp to the Diffuser Collar Ears holding the Ring in place.  Slip Joint Clamps 
reduce Jet Pump vibration. 
 
3.9.2.5  Dynamic System Analysis of the Reactor Internals Under Faulted Conditions 
 
In order to assure that no significant dynamic amplification of load occurs as a result of the 
oscillatory nature of the blowdown forces, a comparison was made of the periods of the applied 
forces and the natural periods of the core support structures being acted upon by the applied 
forces.  These periods were determined from a 12-node vertical dynamic model of the RPV and 
internals.  Besides the real masses of the RPV and core support structures, account was made 
for the water inside the RPV.  
 
The time-varying pressures are applied to the dynamic model of the reactor internals described 
above.  Except for the dynamic model and the nature and locations of the forcing functions, the 
dynamic analysis method is identical to that described for seismic analysis and is detailed in 
Subsection 3.7.2.1. 
 
Dynamic loads are combined by SRSS.  The results are then combined with other static and 
steady state loads on an ABS basis to confirm the adequacy of design loads.  The results of the 
dynamic analysis are summarized in Tables 3.9-2, 3.9-2b, 3.9-2w, and 3.9-2aa. 
 
3.9.2.6  Correlations of Reactor Internals Vibration Test Results with the Analytical Results 
 
Prior to initiation of the instrumented vibration test program for the prototype plant, extensive 
dynamic analyses of the reactor and internals are performed.  The results of these analyses are 
used to generate the allowable vibration levels during the vibration test.  The vibration data 
obtained during the test are analyzed in detail.  The results of the data analysis, vibration 
amplitudes, natural frequencies and mode shapes, are then compared to those obtained from 
the theoretical analysis. 
 
Such comparisons provide the analysts with added insight into the dynamic behavior of the 
reactor internals.  The additional knowledge gained is utilized in the generation of the dynamic 
models for seismic and LOCA analyses for this plant.  The models used for this plant are the 
same as those used for the vibration analysis of the prototype plant. 
 
The vibration test data are supplemented by data from forced oscillation tests of reactor internal 
components to provide the analysis with additional information concerning the dynamic behavior 
of the reactor internals. 
 
 
3.9.3    ASME CODE CLASS 1, 2, AND 3 COMPONENTS, COMPONENT SUPPORTS, AND 

CORE SUPPORT STRUCTURES 
 
3.9.3.1  Loading Combinations, Design Transients, and Stress Limits 
 
This section delineates the criteria for selection and definition of design limits and loading 
combinations associated with normal operation, postulated accidents, and specified seismic 
and hydrodynamic events for the design of safety-related ASME code components (except 
containment components, which are discussed in Section 3.8.) 
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This section also lists the major ASME Class 1, 2, and 3 equipment and associated pressure 
retaining parts on a component by component basis and identifies the applicable loadings, 
calculation methods, calculated stresses, and allowable stresses.  Design transients for ASME 
Class 2 equipment are not addressed in this section.  They are covered in Subsection 3.9.1.1. 
Seismic and hydrodynamic related loads are discussed in Subsections 3.9.2.2a, 3.9.2.2b and 
Section 3.7. 
 
Table 3.9-2 is the major part of this section; it presents the loading combination, analytical 
methods (by reference or example) and also the calculated stress or other design values for the 
most critical areas of the ASME Code Class 1, 2 and 3 components, supports, and core support 
structures.  These design values are also compared to applicable code allowables. 
 
3.9.3.1.1  Plant Conditions 
 
All events that the plant might credibly experience during a reactor year are evaluated to 
establish a design basis for plant equipment.  These events are divided into four plant 
conditions.  The plant conditions described in the following paragraphs are based on event 
probability (i.e., frequency of occurrence) and correlated design conditions defined in the ASME 
Boiler and Pressure Vessel Code, Section III. 
 
3.9.3.1.1.1  Normal Condition 
 
Normal conditions are any conditions in the course of System startup, operation in the design 
power range, normal hot standby (with main condenser available), and System shutdown other 
than Upset, Emergency, Faulted, or Testing. 
 
3.9.3.1.1.2  Upset Condition 
 
Any deviations from Normal Conditions anticipated to occur often enough that design should 
include a capability to withstand the conditions without operational impairment.  The Upset 
Conditions include those transients which result from any single operator error or control 
malfunction, transients caused by a fault in a system component requiring its isolation from the 
system, and transients due to loss of load or power, or an operating basis earthquake.  Hot 
standby with the main condenser isolated is an Upset Condition. 
 
3.9.3.1.1.3  Emergency Condition 
 
Those deviations from Normal Conditions which require shutdown for correction of the 
conditions or repair of damage in the RCPB.  The conditions have a low probability of 
occurrence but are included to provide assurance that no gross loss of structural integrity will 
result as a concomitant effect of any damage developed in the system.  Emergency condition 
events include, but are not limited to, transients caused by one of the following:  a multiple valve 
blowdown of the reactor vessel; loss of reactor coolant from a small break or crack which does 
not depressurize the reactor system nor result in leakage beyond normal makeup system 
capacity, but which requires the safety functions of isolation of containment, and reactor 
shutdown; improper assembly of the core during refueling; and seizure of one recirculation 
pump. 
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3.9.3.1.1.4  Faulted Condition 
 
Those combinations of conditions associated with extremely low probability, postulated events 
whose consequences are such that the integrity and operability of the system may be impaired 
to the extent that considerations of public health and safety are involved.  Faulted conditions 
encompass events that are postulated because their consequences would include the potential 
for the release of significant amounts of radioactive material.  These postulated events are the 
most drastic that must be designed against and thus represent limiting design bases.  Faulted 
condition events include, but are not limited to, one of the following:  a control rod drop accident, 
a fuel-handling accident, a main steam line break, a recirculation loop break, the combination of 
any pipe break plus the seismic motion associated with SSE and hydrodynamic loading plus a 
loss of offsite power, or the safe shutdown earthquake. 
 
3.9.3.1.1.5   Correlation of Plant Conditions with Event Probability 
 
The probability of an event occurring per reactor year associated with the plant conditions is 
listed below.  This correlation can be used to identify the appropriate plant condition for any 
hypothesized event or sequence of events. 
 
 
 
Plant Conditions 

Event Encountered 
Probability per 
Reactor Year

 
Normal (planned) 1.0
 
Upset (moderate probability) 1.0  >  p >  10-2
 
Emergency (low probability) 10-2 >  p >  10-4
 
Faulted (extremely low probability) 10-4 >  p >  10-6
 
3.9.3.1.1.6  Safety Class Functional Criteria 
 
For any normal or upset design condition event, Safety Class 1, 2, and 3 equipment shall be 
capable of accomplishing its safety functions as required by the event and shall incur no 
permanent changes that could impair its ability to accomplish its safety functions as required by 
any subsequent design condition event. 
 
For any emergency or faulted design condition event, Safety Class 1, 2, and 3 equipment shall 
be capable of accomplishing its safety functions as required by the event but repairs could be 
required to ensure its ability to accomplish its safety functions as required by any subsequent 
design condition event. 
 
Functional capability of safety-related essential piping components will be assured using the 
criteria given in Enclosure 110-1 to NRC questions and the Rodabaugh criteria. 
 
3.9.3.1.1.7  Compliance with Regulatory Guide 1.48 
 
Regulatory Guide 1.48 was issued after the design of this plant was established.  Compliance 
with this Regulatory Guide is addressed in Section 3.13.  
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3.9.3.1.2  Reactor Vessel Assembly 
 
The reactor vessel assembly consists of the reactor pressure vessel support skirt, shroud 
support and shroud plate. 
 
The reactor pressure vessel, vessel support skirt, and shroud support are constructed in 
accordance with Section III of the ASME Code.  The shroud support consists of the shroud 
support plate and the shroud support cylinder and its legs.  The reactor pressure vessel is an 
ASME Code Class I component.  Complete stress reports on these components have been 
prepared in accordance with ASME requirements.  Table 3.9-2a provides a summary of the 
stress criteria, load combinations, calculated and allowable stresses.  The stress analysis 
performed for the reactor vessel assembly, including the faulted condition, were completed 
using elastic methods.  The stress Load combinations and stress analyses for the core support 
structures and other reactor internals are discussed in Subsection 3.9.5. 
 
3.9.3.1.3   Main Steam Piping 
 
The main steam piping discussed in this paragraph includes that piping extending from the 
reactor pressure vessel to the outboard main steam isolation valve.  This piping is designed in 
accordance with the ASME Boiler and Pressure Vessel Code, Section III, Subsection NB-3600.  
The load combinations and stress criteria for the main steam piping and pipe-mounted 
equipment are shown in Table 3.9-2d. 
 
The rules contained in Appendix F of ASME Code Section III will be used in evaluating faulted 
loading conditions independently of all other design and operating conditions.  Stresses 
calculated on an elastic basis will be evaluated in accordance with F-1360. 
 
3.9.3.1.4  Recirculation Loop Piping 
 
This piping is designed in accordance with the ASME for the recirculation piping and pipe-
mounted equipment Code Section III, Subsection NB-3600.  The load combinations and 
allowables are shown in Table 3.9-2e.  The rules contained in Appendix F of ASME Code 
Section III are used in evaluating faulted loading conditions, independently of all other design 
and operating conditions.  Stresses calculated on an elastic basis are evaluated in accordance 
with F-1360.  
 
3.9.3.1.5  Recirculation System Valves 
 
The recirculation system valves are designed in accordance with the ASME Code, Section III, 
Class I, Subsection NB-3500.  The discharge gate valves are required to close for LPCI flow 
injection. Loading combinations and other stress analysis information are presented in Table 
3.9-2(j). 
 
3.9.3.1.6  Recirculation Pump 
 
In the design of the recirculation pumps, the ASME Code, Section VIII, Division 1, 1971 Edition 
with latest addenda was used as a guide in calculations made for determining the thickness of 
pressure-retaining parts, and in sizing the pressure-retaining bolting. 
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The pump vendor made calculations for the design of the pressure-containing components to 
include the determination of minimum wall thickness, allowable stress and pressures.  The 
design calculations are shown in Table 3.9-2i. 
 
Load, shear, and moment diagrams were constructed to scale, using live loads, dead loads, and 
calculated snubber reactions.  Combined bending, tension and shear stresses were determined 
for each major component of the assembly, including the pump driver mount, motor flange 
bolting, and pump case. 
 
Replacement pump cover gaskets have been upgraded by the pump Original Equipment 
Manufacturer (OEM) to eliminate the use of asbestos and to improve reliability.  The 
replacement pump cover gaskets require a higher bolt preload than the original gaskets.  The 
OEM prepared a Gasket Upgrade Design Report that concludes the pump subcomponents are 
acceptable and meet the ASME Code requirements.   
 
The maximum combined tensile stress in the cover bolting was calculated using tensile stress 
from design pressure. 
 
Combined primary stresses did not exceed 150 percent of the code allowable stress shown in 
Section VIII of the ASME Code, 1971 Edition. 
 
These methods and calculations demonstrate that the pump will maintain pressure integrity at 
all times. 
 
3.9.3.1.7  Standby Liquid Control (SLC) Tank 
 
The SLC tank is designed in accordance with the ASME Code, Section III.  A summary of the 
design calculations and stress criteria used are shown in Table 3.9-2m.  
 
3.9.3.1.8  Residual Heat Removal Heat Exchangers 
 
The RHR heat exchanger is designed in accordance with the ASME B&PV Code, Section III.  
The loading combinations considered and other stress analysis are presented in Table 3.9-2o. 
 
3.9.3.1.9  RCIC Turbine 
 
Although not under the jurisdiction of the ASME Code, the RCIC turbine has been designed and 
fabricated following the basic guidelines for an ASME Code Section III, Class 2 component. 
 
The RCIC Turbine is surveillance tested according to current Technical Specifications. 
 
Design conditions for the RCIC turbine include: 
 
a) Auto Quick start per Technical Specification surveillance requirements. 
 
b) Turbine Inlet - 1250 psig at saturated temperature 
 
c) Turbine Exhaust - 165 psig at saturated temperature 
 
Table 3.9-9 contains a summary of the RCIC turbine components calculated and allowable 
loads. 
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3.9.3.1.10  RCIC Pump 
 
The RCIC pump has been designed and fabricated to the requirements for an ASME Code 
Section III Class 2 component. 
 
The RCIC pump is surveillance tested in conjunction with the RCIC turbine.  Surveillance testing 
is performed according to current Technical Specification surveillance requirements.  Design 
conditions for the RCIC pump include:  
 
a) Maximum NPSHR -  21.3 feet 
  
b) Total head, maximum High speed 3060 feet 
  Low speed 525 feet 
  
c) Constant flow rate:  625 gpm 
  
d) Normal ambient operating temperature - 60°F to 100°F 
  
e) Normal/Upset conditions which control the pump design include:
  

Design pressure -   1500 psig 
  
Design temperature -  40°F - 140°F 
  
Seismic loads -  2/3 of SSE 

 
Table 3.9-2r contains a summary of the design calculation for the RCIC pump components. 
 
3.9.3.1.11  ECCS Pumps 
 
The RHR, CS and HPCI pumps are designed in accordance with the ASME Code, Section III.  
The stress criteria and calculated and allowable stresses are summarized in Table 3.9-2n. 
 
Design condition for RHR and core spray pumps are as follows: 
 
  RHR CORE SPRAY 

Design pressure 
 
 Suction 220 psig 125 psig 

 
 Discharge 500 psig 500 psig 
 
 Design Temperature 40-360°F 40-212°F 
 
3.9.3.1.12  Standby Liquid Control Pump 
 
The standby liquid control pump has been designed and fabricated to the 1968 P&V Code for 
Class 2 component. 
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The SLC pumps and motors are functionally tested by pumping demineralized water through a 
closed test loop.  The SLC pumps are capable of injecting the net contents of the storage tank 
into the reactor in less than an hour.  The pumps are capable of injecting flow into the reactor 
against pressure up to the second lowest spring set pressure (1195) of the reactor safety relief 
valves. 
Design conditions for the SLC pump include:
 

a) Flow rate 43 gpm 
 
b) Maximum operating discharge pressure 1250 psig  
 
c) Ambient conditions:  
  

 

Temperature   70°F - 120°F 
Relative Humidity 20%  - 95% 

 
d) Normal/upset conditions which control the pump 

design include: 
  

 
 

Design pressure 1500 psig  
 
Design temperature  150°F 
 
Seismic Loads 2/3 of SSE 

 
Stress limits for the pressure boundary are the ASME Code allowable stress 
(1.0S) for general membrane

 
e) Faulted or emergency conditions include: 
  

 

Design pressure 1500 psig  
 
Design temperature  150°F 
 
Safe shutdown earthquake Horizontal 1.5g 

 Vertical   0.14g 
 
A summary of the design calculations for the SLC pump components is contained in Table 3.9-
2l.  
 
3.9.3.1.13   Main Steam Isolation Valves and Safety/Relief Valves 
 
The main steam isolation and safety relief valves are designed in accordance with the 
requirements of the ASME Code Section III, Subsection NB-3500 for Class 1 components.  
 
Load combination, analytical methods, calculated stresses, and allowable limits are shown in 
Table 3.9-2g and 3.9-2(h), respectively. 
 
3.9.3.1.14  Safety Relief Valve Piping 
 
See Subsection 3.9.3.1.19. 
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3.9.3.1.15  High Pressure Coolant Injection (HPCI) Turbine 
 
Although not under the jurisdiction of the ASME Code, the HPCI turbine has been designed and 
fabricated to the basic guidelines for an ASME Code Section III as a Class 2 component.  
Surveillance testing is performed according to current Technical Specification surveillance 
requirements. 
 
Design conditions for the HPCI turbine include:
 
a) Auto-Startup -- 30 cycles per year with reactor pressure at 1150 psig peak and saturated 

temperature, turbine exhaust pressure at 50 psig peak and saturated temperature.
 
b) Turbine Inlet - 1250 psig at saturated temperature.
 
c) Turbine Exhaust - 200 psig at saturated temperature
 
d) Upset conditions, which control the turbine design include: 

 
Design pressure 
 
Design temperature 
 
Operating basis earthquake 
 
Inlet and exhaust piping nozzle loads
 
Stress limits for pressure boundary are ASME Code allowable stress (1.0S) for general 
membrane and 1.5S for bending (local membrane).

 
e) Faulted, or emergency conditions include:
 

Design pressure 
 
Design temperature 
 
Safe shutdown earthquake 
 
Inlet and exhaust piping nozzle loads
 
Stress limits for pressure boundary are 120% of ASME Code Section III allowable stress 
(1.2S) for general membrane and 1.8S for bending (local membrane). 

  
f) Nozzle loading definition includes:  

  
Upset  - Inlet F  = (20,000 - M)/2.5, 

but < 5,000 lbs.
  
  - Exhaust F = (20,000 - M)/0.8, 

but < 11,500 lbs.
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Faulted (or - Emergency)  Inlet F   = (30,000 - M)/2.5,  
but < 7,500 lbs.

  
 Exhaust F = (30,000 - M)/0.8,  

but < 17,250 lbs.
  

Where F (lbs) and M (ft-lb) are the resultant force and moment on the respective nozzle.
 
A summary of the design calculations for the HPCI turbine components are shown in Table 
3.9-2(ae). 
 
3.9.3.1.16  High Pressure Coolant Injection (HPCI) Pump 
 
The HPCI pump has been designed and fabricated to the requirements for an ASME Code 
Section III Class 2 component. 
 
The HPCI pump is surveillance tested in conjunction with the HPCI turbine.  The HPCI pump is 
surveillance tested according to the current Technical Specification surveillance requirements.  
The HPCI pump takes condensate from the above-ground storage tank and at design flow 
discharges condensate back to the above-ground storage tank via a closed test loop. 
 
Design conditions for HPCI pump include: 
 
a) Total head , maximum- High speed: 3060 feet

 
Low speed:   525 feet

 
b) Constant flow rate - 5000 gpm
 
c) Normal ambient operating temperature - 60°F to 100°F 
 
d) Normal plus Upset conditions which control the pump design include: 

 
Design pressure  - 1500 psig
 
Design temperature  - 40°F - 140°F 
 
Seismic Loads - 2/3 of SSE
 
Suction nozzle loads - F = 1940 lb
 M  = 2460 ft-lbs 
 
Discharge nozzle loads - F  = 3715 lbs

 M  = 4330 ft-lbs 
 

Stress limits for pressure boundary are ASME Code allowable stress (1.0S) for general 
membrane and 1.5S for bending (local membrane).
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e) Faulted, or Emergency conditions include:
 

Design pressure - 1500 psig
Design temperature - 40°F - 140°F 
 
Safe shutdown earthquake - Horizontal - 1.50g 

 Vertical   - 0.14g 
 

Stress limits for pressure boundary are 120% of ASME Code allowable stress (1.2S) for 
general membrane and 1.8S for bending (local membrane).

 
f) Nozzle loading 
 

Pump nozzles are subject to loading from the connecting pipe.  The method of analysis 
shows the maximum resultant moment is due to pipe reaction.  The maximum resultant 
force shall not exceed the allowable.  Allowable nozzle forces and moments are 
expressed as: 

 
Normal plus Upset 
 

Suction - F = 33,000-0.79M 
 
Discharge - F = 32,000-1.54M 

 
Emergency: 
 

Suction - F = 43,000-0.74M 
 
Discharge - F = 47,000-1.23M 

 
The calculated stress values are compared to allowable stresses for critical components in 
Table 3.9-2t. 
 
3.9.3.1.17  Reactor Water Cleanup (RWCU) System 
 
The RWCU pump and heat exchangers are not part of a safety system and are not designed to 
Seismic Category I requirements. 
 
However, the requirements for ASME Code Section III, Class 3 components are used as 
guidelines in evaluating the RWCU system components. 
 
The design loading combinations and limits for the pump include the following: 
 
a) Normal plus upset loads:  This includes the simultaneous effect of normal operating 

loads, design pressure, temperature, nozzle loads from connected piping, dead weight 
loads, seismic loads, plus torsional loads due to rotating parts. 

 
b) Seismic loading:  This equipment and supports are designed to withstand the static 

seismic forces applied at the mass center, assuming that the pump is flooded. 
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c) Stresses in the supports and the anchor bolts due to seismic loads are combined with 
the stresses due to other live and dead loads and operating loads.  The allowable stress 
for this combination of loads is based on the allowable stress as set forth in the ASME 
Code Section III. 

 
d) Equipment operates between 70°F and 532.3°F.  Transient analysis is not required for 

Class III components in this temperature range. 
 
Tables 3.9-2(p) and 3.9-2(c) show the calculated stress values and allowable stress limits for 
the pump and heat exchangers, respectively. 
 
3.9.3.1.18  This Section Has Been Intentionally Deleted 
 
3.9.3.1.19  ASME Code Constructed Items Not Furnished  with the NSSS 
 
The design loading combinations categorized with respect to plant operating conditions 
identified as normal, upset, emergency, and faulted for ASME code constructed items are 
presented in Table 3.9-6. 
 
The method of combining the peak loads on components and supports resulting from different 
dynamic events was addressed by the Mark II Owners Subgroup on SRSS.  The generic 
resolution has been reviewed and applies to Susquehanna SES.  
 
The design criteria and stress limits associated with each of the plant operating conditions for 
each type of ASME code constructed item are presented in Tables 3.9-7, 3.9-8, 3.9-9, 3.9-10, 
3.9-11 and 3.9-12. 
 
The component operating condition will be the same as the plant operating condition, except for 
active pumps or valves for which, the emergency or faulted plant condition is considered a 
normal operating condition. 
 
3.9.3.2a  NSSS Pump and Valve Operability Assurance 
 
The active NSSS pumps and valves are listed in Table 3.9-3. 
 
Active mechanical equipment classified as Seismic Category I are designed to perform their 
function during the life of the plant under postulated plant conditions.  Equipment with faulted 
condition functional requirements include "active" (active equipment must perform a mechanical 
motion during the course of accomplishing a safety function) pumps and valves in fluid systems 
such as the emergency core cooling system.  Operability is assured by satisfying the 
requirements of the following programs.  Safety-related valves are qualified by prototype testing 
and analysis satisfying stress and deformation criteria at all critical locations and safety-related 
active pumps by analysis with suitable stress limits and nozzle loads.  The content of these 
programs is detailed below.  
 
3.9.3.2a.1  ECCS Pumps 
 
All active pumps are qualified for operability by first being subjected to rigid tests before 
installation in the plant.  The in-shop tests include (1) hydrostatic tests of pressure-retaining 
parts to 125% of the design pressure times the ratio of material allowable stress at room 
temperature to the allowable stress value at the design temperature, (2) seal leakage tests, (3) 
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performance tests, while the pump is operated with flow, to determine total developed head, 
minimum and maximum head, Net Positive Suction Head (NPSH) requirements and other 
pump/motor parameters.  Also monitored during these operating tests are bearing temperatures 
(except water cooled bearings) and vibration levels.  Both are shown to be below specified 
limits.  After the pump is installed in the plant, it undergoes the cold hydro tests, functional tests, 
and the required periodic in-service inspection and operation.  These tests demonstrate 
reliability of the pump for the design life of the plant. 
 
In addition to these tests, the safety-related active pumps are analyzed for operability during a 
faulted condition by assuring that (1) the pump will not be damaged during the seismic and 
hydrodynamic event, and (2) the pump will continue operating despite the faulted loads. 
 
3.9.3.2a.1.1   Analysis of Loading, Stress, and Acceleration Conditions 
 
In order to avoid damage during the faulted plant condition, the stresses caused by the 
combination of normal operating loads, SSE, and dynamic system loads are limited to the 
material elastic limit, as indicated in Table 3.9-2.  A three-dimensional finite element model of 
the pump/motor and its supports is developed using the response spectrum method of dynamic 
analysis.  The same model is analyzed for static nozzle loads, pump thrust loads, and 
deadweight.  Critical location stresses are evaluated and compared with the allowable criteria.  
The average membrane stress σm) for the faulted conditions loads are maintained at 1.2S, or 
approximately 0.75  σy(σy - yield stress), and the maximum stress in local fibers (σm + bending 
stress o) is limited to 1.8S, or approximately 1.1 σy.  The maximum dynamic nozzle loads are 
considered in an analysis of the pump supports to assure that a system misalignment cannot 
occur.  
 
Performing these analyses with the conservative loads stated and with the restrictive stress 
limits of Table 3.9-2 as allowables, will assure that critical parts of the pump will not be damaged 
during the faulted condition; therefore, the reliability of the pump for post-faulted condition 
operation will not be impaired by the seismic and hydrodynamic events. 
 
A dynamic analysis is made to determine the seismic load from the applicable floor response 
spectra.  Analysis is made to check that faulted condition nozzle loads and dynamic 
accelerations will not impair the operability of the pumps during or following the faulted 
condition.  Components of the pump, when having a natural frequency above 33 Hz, are 
considered essentially rigid.  This frequency is considered sufficiently high to avoid problems 
with amplification between the component and structure for all seismic areas. 
 
If the natural frequency is found to be below 33 Hz, an analysis is performed to determine the 
amplified input accelerations necessary to perform the static analysis.  The adjusted 
accelerations will be determined using the same conservatisms contained in the horizontal and 
vertical accelerations used for "rigid" structures.  The static analysis is performed using the 
adjusted accelerations; the stress limits stated in Table-3.9-2 must still be satisfied. 
 
3.9.3.2a.1.2   Pump Operation During and Following Faulted Condition Loading 
 
Active pump/motor rotor combinations are designed to rotate at a constant speed under all 
design conditions.  Motors are designed to withstand short periods of severe overload.  The 
high rotary inertia in the operating pump rotor, and the nature of the random, short duration 
loading characteristics of the seismic and hydrodynamic event, will prevent the rotor from 
becoming seized.  In actuality, the dynamic loadings will cause only a slight increase, if any, in 
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the torque (i.e., motor current) necessary to drive the pump at the constant design speed.  
Therefore the pump will not shutdown during the faulted event and will operate at the design 
speed despite the faulted loads.   
 
The functional ability of the active pumps after a faulted condition is assured since only normal 
operating loads and steady state nozzle loads exist.  For the active pumps, the faulted condition 
is more severe than the normal condition only due to seismic and hydrodynamic loads on the 
equipment itself and the increase in nozzle loads due to the SSE on the connecting pipe.  The 
SSE event is infrequent and of relatively short duration compared to the design life of the 
equipment.  Since it is demonstrated that the pumps would not be damaged during the faulted 
condition, the post-faulted condition operating loads will be no worse then the normal plant 
operating limits.  This is assured by requiring that the imposed nozzle loads (steady-state loads) 
for normal conditions and post-faulted conditions be limited by the magnitudes of the normal 
condition nozzle loads.  The post-faulted condition ability of the pumps to function under these 
applied loads is proven during the normal operating plant conditions for active pumps. 
 
3.9.3.2a.2   SLC Pump and Motor Assembly and RCIC Pump Assembly 
 
These equipment assemblies are small, compact, rigid assemblies, with natural frequencies well 
above 33 Hz.  With this fact verified, each equipment assembly is qualified by static analysis 
only.  This static qualification verifies operability under seismic and hydrodynamic conditions, 
and assures structural loading stresses within Code limitations. 
 
3.9.3.2a.3  RCIC Turbine 
 
Analysis and testing done on the RCIC turbine is covered by Subsections 3.9.2.2, 3.9.3.1, and 
Table 3.9-2q. 
 
3.9.3.2a.4  ECCS Motors 
 
Qualification of the Class 1E motors used for the ECCS motors is in compliance with IEEE 
Standard 323-1971.  The qualification of motors of all sizes is based on completion of a type 
test, followed up with review and comparison of design and material details and seismic 
analysis of production units, ranging from 500 to 3500 Bhp.  The motor is used in the type test.  
All manufacturing, inspection, and routine tests performed by motor manufacturers on 
production units are performed on the test motor.  
 
The type test has been performed on a 1250 HP vertical motor in accordance with IEEE 
Standard 323-1971.  Normal operation during the design life is first simulated, then the motor is 
subjected to a number of seismic events.  Then the abnormal environmental condition possible 
during and after a loss of coolant accident (LOCA) is simulated.  The test plan for the type test 
was as follows: 
 
a) Thermal aging of the motor electrical insulation system (which is a part of the stator only) 

was based on IEEE Standard 275-1966.  The amount of aging equaled the total 
estimated operating days at maximum insulation surface temperature. 

 
b) Radiation aging of the motor electrical insulation equals the maximum estimated 

integrated dose of gamma radiation during normal and abnormal conditions. 
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c) The normal operating inducted vibration effect on the insulation system has been 
simulated by 1.5g horizontal vibration acceleration of 60 Hz current frequency for one 
hour duration. 

 
d) Motor bearings are selected and their operating life is established based on bearing 

manufacturer's test and operating data using the loads calculated to act on the bearing. 
 
e) The dynamic load deflection analysis on the rotor shaft, performed to ensure adequate 

rotation clearance, has been verified by static loading and deflection of the rotor for the 
type-test motor. 

 
f) Dynamic load aging and testing has been performed on a biaxial test table in 

accordance with IEEE 344-1975.  During this type test the shake table was activated 
simulating the maximum design limit of the safe shutdown earthquake and 
hydrodynamic loads with motor starts and operation combination as may possibly occur 
during a plant life. 

 
g) An environmental test simulating a LOCA condition with 100 days duration time has 

been performed with the test motor fully loaded to simulate pump operation.  The test 
consisted of startup and six hours operation at 212°F ambient temperature and 100% 
steam environment.  Another startup and operation of the test motor after one hour 
stand-still in the same environment was followed by sufficient operation at high humidity 
and temperature.  The operation was based on the temperature-life characteristic curve 
from IEEE 275-1966 for the insulation type used on the ECCS motors. 

 
3.9.3.2a.5  NSSS Valves 
 
The Class 1 Active Valves are the Main Steam Isolation Valves, Safety/Relief Valves, 
Recirculation Discharge and Bypass Gate Valves, Standby Liquid Control Valves and Control 
Rod Drive Scram Discharge Volume Vent and Drain Valves.  Each of these valves is 
dynamically qualified for operability in a manner unique to its design.  Therefore, each method 
of qualification is detailed individually below. 
 
3.9.3.2a.5.1  Main Steam Isolation Valve 
 
The MSIV's are evaluated for operability during dynamic acceleration by both analysis and test.  
This analysis for MSIV operability is completed in two separate ways.  First the valve body is 
designed in accordance with the ASME Code Section III Class 1 which limits deformation to be 
within the elastic limit of the material by limiting pressure and pipe reaction input loads (including 
seismic and hydrodynamic loads).  This assures only small deformation in the operating area of 
the valve body, hence, there is no interference with valve operability. 
 
A static deflection test was conducted on a MSIV of similar design to assure operability under 
maximum deformation from seismic loading.  A maximum static load equivalent to 8 g's applied 
perpendicular to the actuator axis centerline resulted in no significant change in valve closure 
rate and no change in measured seat leakage following termination of the load. 
 
To assure that design limits are not exceeded for both piping input loads and actuator dynamic 
loads, the MSIV is mathematically modeled in the Main Steam Line System Analysis.  The valve 
input loads, amplified accelerations, and resonance frequencies are determined based on site 
excitation input to the system for MSIV as a part of the overall steamline analysis.  Pipe anchors 
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and restraints are applied as required to limit pipe system resonance frequencies and amplified 
accelerations to within acceptable limits for the MSIV's.  Additional details on the analysis of 
these valves is shown on Table 3.9-2(h). 
 
The main steam isolation valve operability during LOCA conditions was demonstrated as 
defined in the report APED-5750 (March 1969).  The test specimen was a 20" valve of a design 
representative of the MSIV's. 
 
3.9.3.2a.5.2  Main Steam Safety/Relief Valves 
 
The safety/relief valves are qualified for operability during seismic and hydrodynamic events by 
both design and test. 
 
The valve is designed for the largest moments that can occur in service.  These are 400,000 in-
lbs and 300,000 in-lbs at the inlet and outlet, respectively.  These moments are resultants due 
to dead weight plus dynamic seismic effects of 3 g's horizontal and 1 g vertical of both valve and 
connecting pipe, thermal expansion of the connecting pipe, and reaction forces from valve 
discharge.  A production S/R valve demonstrated operability while being dynamically (shake 
table) tested at loads greater than equipment design limit loads. 
 
A mathematical model of this valve is included in the main steam line system analysis.  This 
analysis assures the design limits are not exceeded. 
 
The safety relief valves are generically qualified by testing for seismic and hydrodynamic loads.  
The natural frequencies are determined to be greater than 33 Hz for seismic and 60 Hz for 
hydrodynamic loads. 
 
Additional details on the analysis of these valves are shown in Table 3.9-2g. 
 
3.9.3.2a.5.3  Recirculation (Discharge and Bypass) Gate Valves 
 
Recirculation discharge and bypass gate valves are evaluated for operability during seismic 
and hydrodynamic events by both analysis and test. 
 
Motor operators were generically qualified to IEEE 382-1980 which requires a dynamic test 
to verify the absence of any natural frequencies below 33 Hz and then a demonstration of 
operability during dynamic testing.  The operators have been qualified to acceleration levels 
of 10 g from 2 Hz to 100 Hz. 
 
The valve are designed in accordance with the ASME Code, Section III Class 1 design rules.  
The discharge valves are designed to seismic accelerations of 9.8 g’s horizontal and 2.188 g’s 
vertical including gravity.  Both valves’ extended structures were analyzed to show that they 
could withstand both compressive stresses and bending stresses imposed by the seismic 
accelerations.  The valve fundamental frequencies were determined by frequency analysis to 
be less than the seismic cut-off frequency of 33 Hz.  This required dynamic analysis considering 
multinode response.  However, since the valves are pipe-mounted and the required response 
spectra at the valve location were not available, it was necessary to perform a dynamic analysis 
on the entire piping system.  A simple lumped-mass model of the valve and its actuator was 
developed based on the valve fundamental frequency, and was used to represent the valve 
dynamic characteristics in the piping analysis. 
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Dynamic piping analysis indicated that the loads imposed on these valves are less than the 
design allowable loads.  Additional details on analysis of the discharge valves are shown in 
Table 3.9-2(j). 
 
3.9.3.2a.5.4  Explosive Valves 
 
The SLC explosive valve has been qualified to IEEE 344-1975.  The qualification test included a 
demonstration of the absence of natural frequencies below 35 Hz and the ability to remain 
operable under a horizontal seismic coefficient of 6.5g and a vertical seismic coefficient of 4.5g 
at 33 Hz. 
 
3.9.3.2a.5.5 CRD Scram Discharge Volume Vent and Drain Valves 
 
The CRD Scram Discharge Vent and Drain Valves are evaluated for operability during dynamic 
acceleration by test.  The testing consisted of a combination of vibration aging testing.  SRV 
cycling induced fatigue load testing and seismic testing at acceleration levels based upon both 
upset and faulted required response spectra (RRS).  The valve successfully passed all 
qualification testing. 
 
3.9.3.2a.6  HPCI Turbine 
 
The HPCI turbine is dynamically qualified by static analysis.  The turbine assembly and its 
components were considered to be supported as designed, and horizontal/vertical accelerations 
were applied to the mass's center of gravity.  The magnitude of the acceleration coefficients was 
1.50 horizontal and 0.48 vertical.  The results of the analysis indicate that the turbine assembly 
is capable of sustaining the above loadings without overstressing any component. 
 
The turbine was dynamically qualified via dynamic testing by the 1st quarter 1983 in accordance 
with IEEE 344-1975.  The qualification test program demonstrated start-up, steady state 
operability, and shutdown capabilities. 
 
3.9.3.2b  Non-NSSS Pump and Valve Operability Assurance 
 
The pumps under this category are: 
 
a) Diesel oil transfer pumps 
 
b) RHR service water pumps 
 
c) Emergency service water pumps 
 
d) Control structure chiller - cooling water pumps. 
 
All the above pumps are Class 3. 
 
3.9.3.2b.1  Pumps 
 
The pumps listed above are subjected to testing both in the manufacturer's shop and following 
their installation to verify that they meet the criteria required by the respective specifications. 
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During manufacture, nondestructive test procedures including liquid penetrant examination, 
radiographic examination, magnetic particle inspection, and ultrasonic inspection are applied to 
the pumps.  All these procedures are performed in accordance with ASME Code, Section III. 
 
After the pumps have been assembled they are hydrostatically tested and performance tested in 
the manufacturer's shop in accordance with the Hydraulic Institute's standards. 
 
After the pumps are installed they will undergo functional tests.  Provisions will be made for in-
service inspection and operational testing. 
 
All these tests demonstrate that the pumps are reliable and will function as specified. 
 
3.9.3.2b.1.1  Analysis of Loading, Stress, and Acceleration Conditions 
 
In addition to the tests and procedures referred to above, the pumps are seismically analyzed to 
ensure that they will be capable of operating both during and after the OBE and DBE. 
 
In performing these analyses, conservative seismic accelerations and stress criteria were used; 
this ensures that critical parts of the pump are not damaged during a seismic event and that the 
pump can still operate following such an event. 
 
3.9.3.2b.1.2  Pump Operation During and Following SSE Loading 
 
Each pump/motor combination is designed to rotate at a constant speed under all conditions 
unless the rotor becomes completely seized, i.e., with no rotation.  Motors are designed to 
withstand short periods of severe overload and, typically, the rotor can be seized five full 
seconds before a circuit breaker shuts down the pumps.  However, the high rotary inertia in the 
operating pump rotor, and the nature of the random, short duration loading characteristics of the 
seismic event, will prevent the rotor from becoming seized. In actuality, the seismic loadings will 
cause only a slight increase in the torque (i.e., motor current) necessary to drive the pump at the 
constant design speed.  Therefore, the pump will not shut down during the event and will 
operate at the design speed despite the seismic loads. 
 
From previous discussions, it is evident that the pump/motor units will withstand seismic 
loadings and, therefore, will perform their intended functions.  These proposed requirements 
take into account the complex characteristics of the pump and are sufficient to demonstrate and 
ensure the seismic operability of these pumps.  Post-seismic condition operating loads will be 
no worse than the normal plant operating limits. 
 
3.9.3.2b.2  Valves 
 
Active ASME Class 1, 2, and 3 valves are identified in the Plant’s ISI program manual.   
 
Safety related active valves are subjected to a series of tests prior to service and during the 
plant life.  Prior to installation, the following tests are performed: shell hydrostatic test in 
accordance with ASME Code Section III requirements, backseat and main seat leakage tests, 
disc hydrostatic test, functional tests which verify that the valve will open and close within the 
specified time limits, and operability qualification of motor operators for the environmental 
conditions over the installed life (i.e., aging, radiation, accident environment simulation, etc). in 
accordance with IEEE 382-1972.  After installation, cold hydrostatic construction tests, 
functional tests in accordance with the requirements of Chapter 14, and periodic in-service 
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operation in accordance with the requirements of Chapter 16, are performed to verify and 
ensure the functional ability of the valve. 
 
The valves are designed using either stress analyses or the pressure-containing minimum wall 
thickness requirements.  On all active valves with extended topworks, an analysis is also 
performed for static equivalent SSE loads applied at the center of gravity of the extended 
structure.  The maximum stress limits allowed in the analyses demonstrate structural integrity 
and are equal to the limits recommended by the ASME Code for the particular ASME class of 
valve analyzed as listed in Tables 3.9-7 and 3.9-12.  Loading combinations are listed in Tables 
3.9-6 and 3.9-14.  In addition to these tests and analyses, a representative valve of each design 
type is tested for verification of operability during a simulated seismic event by demonstrating 
operational capabilities within the specified limits. 
 
A. Selection of Representative Valve 
 

The valves requiring operability qualification are divided into different groups: by valve 
manufacturer, valve type, size, pressure class, material type (carbon steel, stainless 
steel, and alloy steel) and actuator type (AC electric, DC electric, air, hydraulic, etc.)  
Valve sizes that cover the range of sizes in service are qualified as shown in Table 3.9-
15 by tests, and the results are used to qualify all valves within the intermediate range of 
sizes.  A tabulation is made of the weight of the valve actuator, the actuator thrust 
margin (a ratio of the maximum thrust available from the actuator divided by the design 
thrust required for the valve), and the yoke configuration (as related to stiffness) for each 
valve assembly.  For a range of qualified valve sizes, as defined by the qualification 
table, the valve assembly with the heaviest actuator, lowest thrust margin, and least stiff 
yoke is picked as the test unit.  In those cases where a test unit is not readily apparent, 
more than one unit is tested to provide a conservative test position.  This procedure is 
repeated within each group until all listed units are represented by a test unit, and for 
each group until all the necessary valves are represented by a test unit. 

 
In addition to the tests, the stress calculations for each valve assembly are reviewed.  
A tabulation is made for all qualified valve assemblies comparing the yoke stress for all 
valve classes, the yoke-flange to body and the yoke-flange to actuator-bolting stresses, 
as applicable, for all classes of valves, and the body stress for Class 1 valves.  This is 
done to provide further analytical justification for the qualification of non-tested valves by 
tested valves. 

 
B. Qualification Testing Procedures 
 

The valve is mounted in a manner that will conservatively represent typical valve 
installations.  The valve unit includes the actuator and all appurtenances usually 
attached to the valve in service.  The operability of the valve during a SSE is 
demonstrated by satisfying the following criteria:  

 
a) All the active valves with topworks are designed to have a first natural frequency 

greater than 33 Hz.  This is shown by suitable test or analysis. 
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b) The extended topworks of the valve are subjected to a statically applied 
equivalent seismic load.  Load is applied at the center of gravity of the topworks 
in the direction of the weakest axis of the yoke.  The design pressure of the valve 
or the design pressure of the system is simultaneously applied to the valve 
during the static load tests. 

 
c) The valve is then operated at minimum specified actuation supply voltage or 

pressure with equivalent seismic static load applied.  The valve must perform its 
safety-related function within the specified operating time limits. 

 
d) Motor operators and other electrical appurtenances necessary for operation are 

qualified as operable during the SSE in accordance IEEE-344-1975 prior to their 
installation on the valve. 

 
For valves with and without the topworks supported, the statically applied load envelopes the 
specified G-force times the weight of the topworks.  This load is generally greater than would 
result from 3.0 g horizontal and 3.0 g vertical.  For valves with the topworks supported, 
additional loading from thermal and/or anchor movements may be imposed upon the valve 
through the support(s).  If the loads due to thermal and/or anchor movements are greater than 
the statically applied load (which envelopes inertial forces), stress and critical deflection 
analyses are performed on the valve (considering the maximum applied loading) as an 
acceptable qualification alternative. 
 
An exception to the above described seismic qualification approach is the RHR throttle valves 
(HV151F017A/B and HV251F017A/B) which were not tested with a static seismic load but 
instead were qualified by a combination of static seismic analysis and static deflection 
operability analysis.  The static deflection operability analysis verified that adequate internal 
clearances exist to insure the binding does not occur within the valve during and after a design 
basis event. 
 
The piping designer limits the valve accelerations and support loads to allowable values as 
determined by the qualification test and analysis. 
 
The valve is leak tested following the test described above to show that the valve has not been 
damaged.  The leak rates must not exceed the original allowable leakage rate specified for the 
valve. 
 
The above testing program applies only to valves with overhanging structures, i.e., the motor 
operator or air actuator assembly. Because of their simple characteristics, check and other 
compact valves are not affected by seismic acceleration.  Check valves have no extended 
structures to distort the valve and cause a malfunction.  Check valve discs are designed to allow 
sufficient clearance around the disc to prevent distortions from nozzle or other imposed loads.  
Accordingly, check valves are qualified by a combination of the following tests and analysis: 
 
a) The air-operated check valves are analyzed to ensure that the air cylinder cannot impair 

the ability of the valve to operate as a simple check valve during seismic loading.  No 
functional test simulating seismic loading is performed.  Air operators on check valves do 
not perform a safety function. 

 
b) In-shop hydrostatic test  
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c) In-shop seat leakage test 
 
d) Periodic valve exercise and inspection to ensure the functional ability of the valve in 

accordance with the requirements of Chapter 16. 
 
Using the methods described, all the safety-related active valves in the systems are qualified for 
operability during a seismic event.  These methods conservatively simulate the seismic event 
and ensure that the active valves will perform their safety-related functions when necessary. 
 
3.9.3.3a   Design and Installation of NSSS Supplied Pressure Relief Devices 
 
3.9.3.3a.1  Main Steam Safety/Relief Valves 
 
Safety/relief valve lift results in a transient that produces momentary unbalanced forces acting 
on the discharge piping system for the period from opening of the safety/relief valve until a 
steady discharge flow from the reactor pressure vessel to the suppression pool is established.  
This period includes clearing of the water slug from the end of the discharge piping submerged 
in the suppression pool.  Pressure waves traveling through the discharge piping following the 
relatively rapid opening of the safety/relief valve cause the safety/relief valve discharge piping to 
vibrate.  This in turn produces forces that act on the main steam piping. 
 
The analysis of the relief valve discharge transient consists of a stepwise time history solution of 
the fluid flow equation to generate a time-history of the fluid properties at numerous locations 
along the pipe.  Simultaneously, reaction loads on the pipe are determined at each location 
corresponding to the position of an elbow.  These loads are composed of pressure-times-area, 
momentum change, and fluid friction terms.  Figure 3.9-2 shows a set of fluid property and pipe 
section load transients typical of those produced by relief valve discharge. 
 
The method of analysis applied to determine piping system response to relief valve operation is 
time history integration.  The forces are applied at locations on the piping system where fluid 
flow changes direction, thus causing momentary reactions.  The resulting loads on the safety/ 
relief valve, the main steam line, and the discharge piping are combined with loads due to other 
effects as specified in Subsection 3.9.3.1.  The Code stress limits corresponding to load 
combinations classification as normal, upset, emergency and faulted, are applied to the steam 
and discharge pipe. 
 
3.9.3.3b  Design and Installation Details for Mounting of Pressure Relief Devices in ASME Code 

Class 1 and 2 Systems 
 
The design of pressure relieving devices can be grouped into two categories: open discharge 
and closed discharge.  
 
a) Open Discharge 
 

There are no open discharge pressure relieving devices mounted on ASME Code Class 
1 and 2 systems. 

 
b) Closed Discharge 
 

A closed discharge system is characterized by piping between the valve and a tank, or 
some other terminal end. Under steady-state conditions, there are no net unbalanced 
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forces.  The initial transient response and resulting stresses are determined by using 
either a time-history computer solution or a conservative equivalent static solution.  In 
calculating initial transient forces, pressure and momentum terms are included.  Water 
slug effects are also considered. 

 
Time history dynamic analysis is performed for the discharge piping and its supports. 
The effect of the loading on the header is also considered.  The design load 
combinations for a given transient are shown in Table 3.9-2, and the design criteria and 
stress limits for the relief valve are shown in Table 3.9-2g. 

 
3.9.3.4  Component Supports 
 
3.9.3.4.1  Recirculation Piping Supports 
 
The NSSS-designed recirculation piping supports are designed in accordance with Subsection 
NF of ASME Code Section III.  (Non-NSSS designed pipe supports on recirculation piping are 
in accordance with Subsection 3.9.3.4.6.)  Supports are either designed by load rating per 
paragraph NF-3260, or to the stress limits for linear supports per paragraph NF-3231.  In 
general, the load combinations for the various operating conditions correspond to those used to 
design the supported pipe.  Design transient cyclic data are not applicable to piping supports as 
no fatigue evaluation is necessary to meet the Code requirements. 
 
The design criteria and dynamic testing requirements for component supports are as follows:  
 
Component Supports 
 
All components supports are designed, fabricated, and assembled so that they cannot become 
disengaged by the movement of the supported pipe or equipment after they have been installed. 
 
Hangers 
 
The design load on hangers is the load caused by dead weight.  The hangers are calibrated to 
ensure that they support the design load at both their hot and cold load settings. Hangers 
provide a specified down travel and up travel in excess of the specified thermal movement. 
 
Snubbers 
 
The design load on snubbers includes those loads caused by dynamic forces (OBE and SSE) 
and hydrodynamic loads, system anchor movements, and reaction forces caused by relief valve 
discharge, turbine stop valve closure, etc. 
 
The snubbers are designed and load rated in accordance with NF-3000 to be capable of 
carrying the design load for all operating conditions. Faulted condition design uses the criteria 
outlined in Appendix F of the ASME code.  They are designed to be able to carry the load under 
normal, upset, emergency, and faulted loading conditions. 
 
The snubbers are also tested dynamically to ensure that they can perform as required in the 
following manner: 
 
a) The snubber will be subjected to either force or displacement that varies approximately 

as the sine wave. 
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b) The frequency (Hz) of the input motion or force will be verified at small increments within 

the specified range. 
 
c) The resulting relative displacements and corresponding loads across the working 

components, including end attachments, will be recorded. 
 
d) The test will be conducted with the snubber at various temperatures representative of 

operating conditions. 
 
e) The rated load in both tension and compression will be equal to or higher than the peak 

load. 
 
f) The duration of the test at each frequency will be specified. 
 
Dynamic Testing 
 
The criterion used to demonstrate the operability of the snubber under dynamic loading 
conditions is that the total travel of the unit, including lost motion and deflection during dynamic 
load cycling, shall not exceed ±.060 inches (.120 inch total). 
 
The dynamic testing on a prototype snubber consists of the following: 
 
(a) The snubber is subjected to load cycling at 100%, 75%, 50% of the rated load and this 

load varies approximately as the sine wave function. 
 
(b) The frequency of the input force is varied from 3 to 33 Hz in 3 Hz steps. 
 
(c) The duration of the test (load cycles can be determined by this time interval) at each 

frequency is 10 seconds as a minimum. 
 
Struts 
 
The design load on struts includes those loads caused by dead weight, thermal expansion, 
primary dynamic forces, i.e., (OBE) and SSE, system anchor displacements, and reaction 
forces caused by relief valve discharge, turbine stop valve closure, etc. 
 
Struts are designed in accordance with NF-3000 to be capable of carrying the design load for all 
operating conditions. 
 
3.9.3.4.2  Reactor Pressure Vessel Support Skirt 
 
The permissible compressive load on the reactor vessel support skirt cylinder (modeled as plate 
and shell type component support) was limited by the GE design specification to 90 percent of 
the load which produces yield stress, divided by the safety factor for the condition being 
evaluated.  The effects of fabrication and operational eccentricity was included.  The safety 
factor for faulted conditions was 1.125. 
 
An analysis of reactor pressure vessel support skirt buckling for faulted conditions shows that 
the support skirt has the capability to meet ASME Code Section III, Paragraph F-1370(c) faulted 
condition limits of 0.67 times the critical buckling strength of the support at temperature.  The 
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faulted condition analyzed included the compressive loads due to the design basis maximum 
earthquake, the overturning moments and shears due to the jet reactor load resulting from a 
severed pipe, and the compressive effects on the support skirt due to the thermal and pressure 
expansion of the reactor vessel.  The expected maximum earthquake loads for the reactor 
vessel support skirts are less than 60% of the maximum design basis loads used in the buckling 
analysis described; therefore, the expected faulted loads are well below the critical buckling 
limits of Paragraph F-1370(c) for the vessel support skirt.  The expected earthquake loads were 
determined using the seismic dynamic analysis methods described in Section 3.7. 
 
The loading condition, stress criterion, calculated and allowable stresses are summarized in 
Table 3.9-2a.   
 
3.9.3.4.3  NSSS Floor-Mounted Equipment (Pumps, Heat Exchangers and RCIC Turbine) 
 
The RHR pump, core spray pump, RHR heat exchangers, RCIC pump, SLC pump, and RCIC 
turbine are all analyzed to verify the adequacy of their support structures under various plant 
operating conditions.  In all cases, the calculated loads in the critical support areas are within 
the ASME Code allowables. 
 
3.9.3.4.4  Supports for ASME Code Class 1, 2 and 3 Active Components 
 
ASME Code Class 1, 2 and 3 active components are either pumps or valves.  Since valves are 
supported by piping and not tied to building structures, pipe design criteria govern. 
 
Seismic Category I active pumps supports are qualified for seismic and hydrodynamic loads by 
testing when the pump supports along with the pumps are fulfilling the following conditions: 
 
1) Simulate actual mounting conditions. 
 
2) Simulate all static and dynamic loadings on the pump. 
 
3) Monitor pump operability during testing. 
 
4) The normal operation of the pump during and after the test indicates that the supports 

are adequate.  Any deflection or deformation of the pump supports which precludes the 
operability of the pump, is not accepted; and, 

 
5) Supports are inspected for structural integrity after the test.  Any cracking or permanent 

deformation is not accepted. 
 
Seismic and hydrodynamic qualification of component supports by analysis is generally 
accomplished as follows: 
 
1) Stresses at all support elements and parts such as pumps holddown, and baseplate 

holddown bolts, pump support pads, pump pedestal, and foundation are checked to be 
within the allowable limits as specified in ASME Subsection NF. 

 
2) For Normal and Upset plant conditions, the deflections and deformations of the supports 

are assured to be within the elastic limits and not to exceed the values permitted by the 
designer based on his design verification tests to ensure the operability of the pumps. 
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3) For Emergency and Faulted plant conditions, the deformations must not exceed the 
values permitted by the designer to ensure the operability of the pumps.  Elastic/plastic 
analysis will be performed if the deflections are above the elastic limits. 

 
3.9.3.4.5  HPCI Turbine 
 
This section has been intentionally deleted. 
 
3.9.3.4.6  Non-NSSS Supports 
 
The design loading combinations for supports for ASME Code Class 1, 2, and 3 components, 
categorized with respect to plant operating conditions identified as normal, upset, emergency, 
and faulted, are given in Table 3.9-14.  This table also provides the stress limits for each plant 
operating condition. 
 
The loads imposed on the ASME Class 1, 2 and 3 active valves and pumps are limited to values 
meeting both the manufacturer's and code allowables to insure operability of the active 
components by the design of the supports.  The supports are designed to remain elastic under 
the maximum loads.  The minor local deformations associated with the elastic deformation of 
the support will not impair operability of the active components. 
 
3.9.3.4.6.1  Snubbers 
 
Snubbers will be used in seismic Category I systems.  Snubbers will be purchased with load 
ratings appropriate for the design conditions and load combinations.  
 
3.9.3.4.6.1.1  Snubber Design Specification 
 
The specification for the purchase of shock suppressors (snubbers) covers the following related 
to snubber design, supplier's performance qualification tests and load tests.  Mechanical 
snubbers specified for Susquehanna SES are addressed below.  Design specification 
information pertaining to hydraulic snubbers is also provided below. 
 
Design Criteria 
 
Mechanical Snubbers 
 
a) The frictional resistance of purchased suppressors shall not exceed 2% of the rated 

load.  However, for suppressors tested during in-service inspection, the frictional 
resistance may exceed 2% of the rated load provided that the effects of this increase on 
the Seismic Category I systems on which the suppressors are used have been 
evaluated and shown to be acceptable. 

 
b) All purchased snubbers shall be designed such that they limit the acceleration of the 

pipe to a maximum of 0.02g when subjected to any load up to rated load.  An evaluation 
of installed snubbers and the Seismic Category I systems on which they are used 
indicates that the permissible acceleration can be increased to 0.04g maximum, with 
some exceptions that are limited to 0.02g as defined in the snubber program. 

 
c) The total pipe movement a long the axis of the suppressor shall not exceed ±.060 inches 

due to any applied dynamic cycle load from 3 to 33 cps up to the rated load at the unit. 
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d) The suppressor shall be designed for an exposure to a temperature of 40°F prior to 

initial startup and 200°F during continuous operations and to a relative humidity of 55 
percent normally and 90 percent during shutdown.  The radiation exposure shall be 100 
Roentgen/hour. 

 
Performance Test:  Two types of tests are required. 
 
Production Test:  This type of test is required to be performed on each unit. 
 
a) Check unit to confirm acceleration level is less than specified maximum.  
 
b) Check unit to confirm that it operates freely over the total stroke. 
 
c) Measure and record the force required to initiate motion over the stroke in tension and 

compression. 
 
d) Measure and record lost motion of the snubber mechanism. 
 
Qualification Tests:  These types of tests are to be performed on randomly selected production 
models.  These tests are used to demonstrate the required load performance (load rating) and 
specified displacement when subjected to dynamic load cycling.  Also included in these tests 
are low temperature, high temperature, humidity, salt/sand and dust spray test, life test and 
faulted load test. 
 
Hydraulic Snubbers 
 
The following environmental conditions apply to each hydraulic snubber: 
 

 Normal Operation Emergency Faulted
   
Temperature range 32°F to 176°F 

0°C to 80°C 
32°F to 302°F 
0°C to 150°C 

32°F to 302°F 
0°C to 150°C 

   
Humidity Up to 100% Up to 100% Up to 100%
   
Pressure 1 bar 1 bar 5 bar 
   
Radiation (*total accum) 107 rad 107 rad 107 rad 
   
Max. no. cycles 20000 40 1 
 
The following performance testing is required for each hydraulic snubber: 
 
The frictional resistance, including breakaway, in compression and tension shall not exceed 
1.5% of normal load for a normal load > 4500 lbs. 
 
The standard lock-up velocity in compression and tension shall be between 4.7 ipm to 14.2 ipm. 
The standard bleed velocity shall be between 0.47 imp to 4.7 ipm at normal load. 
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The piston rod travel during a dynamic functional test under rated load from 2 to 35 cps shall be 
kept at < ± 0.16”. 
 
3.9.3.4.6.1.2  Snubber Analysis Model 
 
A piping system is idealized as a mathematical model consisting of lumped masses connected 
by massless elastic members.  The elastic members are given the properties of the piping 
system being analyzed.  The lumped masses are carefully located to adequately represent the 
dynamic and elastic properties of the piping system.  A lumped mass is located at the beginning 
and end of every elbow, valve, at the extended valve operator, and at the intersection of every 
tee.  On straight runs, lumped masses are located at spacings no greater than the span length 
corresponding to 33 cps.  A mass point is located at every extended mass to account for 
torsional effects on the piping system.  In addition, the increased stiffness and mass of valves is 
considered in the modeling of a piping system. 
 
The three-dimensional stiffness matrix of the mathematical model is determined by the direct 
stiffness method.  Axial, shear, flexural and torsional deformations of each member are 
included.  For curved members and branch connectors a decreased stiffness is used in 
accordance with ASME Section III.  The mass matrix is also calculated. 
 
Snubbers are considered to be rigid members in the dynamic model.  Differences in tension and 
compression spring rates will not effect design calculations; similarly entrapped air and 
temperature do not effect mechanical snubbers.  Hydraulic snubbers manufactured by LISEGA 
have a pressurized reservoir that precludes air entrapment and environmental temperature 
range limits are provided in the design specification. 
 
The load conditions and combinations are being addressed as a generic issue and are included 
in the SSES plant Design Assessment Report (DAR).  The transients analyzed will include: 
 
1. Seismic 
 
2. Hydrodynamic 
 
 a) LOCA induced 
 b) SRV induced 
 
3. Flow disruption transients (e.g., fast valve closure) 
 
4. Normal Operating Loads. 
 
 
Snubber locations and sizes are chosen to maintain the stresses due to the above listed loads 
to below the ASME code allowable stresses.  Since all of the loads described above will be 
maintained below the code allowable stresses for the plant condition indicated in the DAR, the 
snubber with the appropriate load rating will be used.    
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3.9.4  CONTROL ROD DRIVE SYSTEM 
 
This plant is equipped with a hydraulic control rod drive system.  The discussion in this section 
includes the Control Rod Drive Mechanism (CRDM), the Hydraulic Control Unit (HCU), the 
Condensate Supply System and the Scram discharge volume and extends to the coupling 
interface with the control rods. 
 
3.9.4.1  Descriptive Information on CRDS 
 
Descriptive information on the control rod drives as well as the entire control and drive system is 
contained in Section 4.6. 
 
3.9.4.2  Applicable CRDS Design Specifications 
 
The Control Rod Drive System (CRDS) is designed to meet the functional design criteria as 
outlined in Section 4.6 and consists of the following:  
 
a) Locking piston control rod drive; 
 
b) Hydraulic control unit; 
 
c) Hydraulic power supply (pumps), 
 
d) Interconnecting piping, 
 
e) Flow and pressure and isolation valves, 
 
f) Instrumentation and electrical controls. 
 
Those CRD components forming part of the primary pressure boundary are designed according 
to ASME Code Section III. 
 
The quality group classification of the CRD hydraulic system is outlined in Table 3.2-1, and the 
components are designed according to the codes and standards governing the individual quality 
groups. 
 
Pertinent aspects of the design and qualification of the CRD components are discussed in the 
following locations: transients in Subsection 3.9.1.1, faulted conditions in Subsection 3.9.1.4, 
and dynamic testing in Subsection 3.9.2.2. 
 
3.9.4.3   Design Loads, Stress Limits, and Allowable Deformation 
 
The ASME Code components of the CRDs and CRD Housings have been evaluated analytically 
and the design load combinations and stress limits for the CRD housing are listed in Table 3.9-
2v.  For the non-code components, experimental testing was used to assure the CRD 
performance under all possible conditions as described in Subsection 3.9.4.4. 
 
Deformations are not a limiting factor in the analysis of the CRDs components based upon the 
results of numerous tests on the drive. 
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3.9.4.3.1  Control Rod Drive Housing Supports 
 
The Control Rod Drive (CRD) housing support system functions are described in Section 4.6.  
 
The American Institute of Steel Construction (AISC) Manual of Steel Construction, "Specification 
for the Design, Fabrication, and Erection of Structural Steel for Buildings," was used in 
designing the CRD housing support system.  However, to provide a structure that absorbs as 
much energy as practical without yielding, the allowable tension and bending stresses used 
were 90% of yield and the allowable shear stress used was 60% of yield.  These design 
stresses are 1.5 times the AISC allowable stresses (60% and 40% of yield, respectively).  
 
The CRD housing supports are designed as Seismic Category I equipment. 
 
3.9.4.4  CRD Performance Assurance Program 
 
The CRD test program consists of the following tests: 
 
a) Development tests 
 
b) Factory Quality Control Tests 
 
c) 5 year Maintenance Life tests 
d) 1.5X Design Life tests 
 
e) Operational tests 
 
f) Acceptance tests 
 
g) Surveillance tests  
 
All of the above tests except c) and d) are discussed in Subsections 4.6.3 through 4.6.3.1.1.5.  
Tests c) and d) are discussed below: 
 
c) "5 Year Maintenance Life" Tests 
 

Four Control Rod Drives are picked at random from the production stock each year and 
subjected to various tests under simulated reactor conditions and 1/8 of the cycles 
specified in Subsection 3.9.1.1.  Upon completion of the test program, the control rod 
drive parts are checked to the drawings and all parts must meet or surpass the minimum 
specified requirements. 

 
d) 1.5X Design Life Tests 
 

When a significant design change is made to the components of the drive, the drive is 
subjected to a series of tests equivalent to 1.5 times the life test cycles specified in 
Subsection 3.9.1.1. 

 
Two CRDs were tested in 1976.  Upon completion of the test program, the CRDs were 
disassembled and the parts checked to the drawing for wear and/or damage.  All parts met or 
surpassed the minimum specified requirements. 
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3.9.5  REACTOR PRESSURE VESSEL INTERNALS 
 
This subsection identifies and discusses the structural and functional integrity of the major 
reactor pressure vessel internals.  
 
3.9.5.1  Design Arrangements 
 
The core support structures and reactor vessel internals (exclusive of fuel, control rods, CRDs, 
and incore nuclear instrumentation) are identified below: 
 
Core Support Structures 
 

Shroud 
 
Shroud support
 
Core plate and holddown bolts
 
Top guide (including bolts and keepers)
 
Fuel supports 
 
Control rod guide tubes 
 
Control rod drive housing 

 
Reactor Internals 
 

Jet Pump assemblies and instrumentation
 
*Feedwater spargers 
 
Vessel head spray nozzle 
 
Differential pressure and liquid control lines
 
In-core flux monitor tubes 
 
*Initial startup neutron sources
 
*Surveillance sample holders
 
Core spray lines and spargers
 
*In-Core instrument housings
 
*Steam dryer 
 
*Shroud head and steam separator assembly
 
*Guide rods 
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CRD thermal sleeves 

 
* Non-safety class components 
 
A general assembly drawing of the important reactor components is shown in Figure 3.9-3. 
 
The floodable inner volume of the reactor pressure vessel can be seen in Figure 3.9-4.  It is the 
volume inside the core shroud up to the level of the jet pump suction inlet. 
 
The design arrangement of the reactor internals, such as the jet pumps, steam separators and 
guide tube, is such that one end is unrestricted and thus free to expand. 
 
3.9.5.1.1  Core Support Structures 
 
The core support structures consist of those items listed in Subsection 3.9.5.1.  These 
structures form partitions within the reactor vessel, to sustain pressure differentials across the 
partitions, direct the flow of the coolant water, and laterally locate and support the fuel 
assemblies.  Figure 3.9-4 shows the reactor vessel internal flow paths. 
 
3.9.5.1.1.1  Shroud 
 
The shroud support, shroud, and top guide make up a stainless steel cylindrical assembly that 
provides a partition to separate the upward flow of coolant through the core from the downward 
recirculation flow.  This partition separates the core region from the Downcomer annulus, thus 
providing a floodable region following a recirculation line break.  The volume enclosed by this 
assembly is characterized by three regions.  The upper portion surrounds the core discharge 
plenum, which is bounded by the shroud head on top and the top guide's grid plate below.  The 
central portion and the shroud surrounds the active fuel and forms the longest section of the 
assembly.  This section is bounded at the bottom by the core support.  The lower portion, 
surrounding part of the lower plenum, is welded to the reactor pressure vessel shroud support.  
 
3.9.5.1.1.2  Shroud Head and Steam Separator Assembly 
 
The shroud head and steam separator assembly is bolted to the top of the top guide to form the 
top of the core discharge plenum.  This plenum provides a mixing chamber for the steam-water 
mixture before it enters the steam separators.  Individual stainless steel axial flow steam 
separators are attached to the top of standpipes that are welded into the shroud head.  The 
steam separators have no moving parts.  In each separator, the steam-water mixture rising 
through the standpipe passes vanes that impart a spin to establish a vortex separating the water 
from the steam.  The separated water flows from the lower portion of the steam separator into 
the Downcomer annulus. 
 
3.9.5.1.2  Core Plate 
 
The core plate consists of a circular stainless steel plate with bored holes stiffened with a rim 
and beam structure.  The plate provides lateral support and guidance for the control rod guide 
tubes, in-core flux monitor guide tubes, peripheral fuel supports, and startup neutron sources.  
The last two items are also supported vertically by the core support plate. 
 
The entire assembly is bolted to a support ledge on the lower portions of the shroud. 
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3.9.5.1.3  Top Guide 
 
The top guide is formed by a series of stainless steel beams joined at right angles to form 
square openings and fastened to a peripheral rim.  Each opening provides lateral support and 
guidance for four fuel assemblies or in the case of peripheral fuel, one or two fuel assemblies.  
Sockets are provided in the bottom of the beam intersections to anchor the in-core flux monitors 
and startup neutron sources.  The rim of the top guide rests on a ledge between the upper and 
central portions of the shroud.  The top guide has alignment pins that engage and bear against 
slots in the shroud which are used to correctly position the assembly before it is secured.  
Lateral restraint is provided by wedge blocks between the top guide and the shroud wall.  
 
3.9.5.1.4  Fuel Support 
 
The fuel supports, shown in Figure 3.9-5 are of two basic types; namely, peripheral supports 
and four-lobed orificed fuel supports.  The peripheral fuel support is located at the outer edge of 
the active core and is not adjacent to control rods.  Each peripheral fuel support will support one 
fuel assembly and contains a single orifice assembly designed to assure proper coolant flow to 
the peripheral fuel assembly.  Each four-lobed orificed fuel support will support four fuel 
assemblies and is provided with four orifice plates to assure proper coolant flow distribution to 
each rod-controlled fuel assembly.  The four-lobed orificed fuel supports rest in the top of the 
control rod guide tubes which are supported laterally by the core support.  The control rods pass 
through slots in the center of the four-lobed orificed fuel support.  A control rod and the four 
adjacent fuel assemblies represent a core cell.  (see Subsection 4.4.2). 
 
3.9.5.1.5  Control Rod Guide Tubes 
 
The control rod guide tubes, located inside the vessel, extend from the top of the control rod 
drive housings up through holes in the core support plate.  Each tube is designed as the guide 
for a control rod and as the vertical support for a four-lobed orificed fuel support piece and the 
four fuel assemblies surrounding the control rod.  The bottom of the guide tube is supported by 
the control rod drive housing, which in turn transmits the weight of the guide tube, fuel support, 
and fuel assemblies to the reactor vessel bottom head.  A thermal sleeve is inserted into the 
control rod drive housing from below and is rotated to lock the control rod guide tube in place.  
A key is inserted into a locking slot in the bottom of the control rod drive housing to hold the 
thermal sleeve in position. 
 
3.9.5.1.6  Jet Pump Assemblies 
 
The jet pump assemblies are located in two semi-circular groups in the downcomer annulus 
between the core shroud and the reactor vessel wall.  The design and performance of the jet 
pump is covered in detail in References 3.9-1 and 3.9-2.  Each stainless steel jet pump consists 
of driving nozzles, suction inlet, throat or mixing section, and diffuser (see Figure 3.9-6).  The 
driving nozzle, suction inlet, and throat are joined together as a removable unit, and the diffuser 
is permanently installed.  High pressure water from the recirculation pumps is supplied to each 
pair of jet pumps through a riser pipe welded to the recirculation inlet nozzle thermal sleeve.  A 
riser brace consists of cantilever beams welded to a riser pipe and to pads on the reactor vessel 
wall. 
 
The nozzle entry section is connected to the riser by a metal-to-metal, spherical-to-conical seal 
joint.  Firm contact is maintained by a hold- down clamp.  The throat section is supported 
laterally by a bracket attached to the riser.  There is a slip-fit joint between the throat and 
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diffuser.  The diffuser is a gradual conical section changing to a straight cylindrical section at the 
lower end. 
 
3.9.5.1.7  Steam Dryers 
 
The steam dryers remove moisture from the wet steam leaving the steam separators.  The 
extracted moisture flows down the dryer vanes to the collecting troughs, then flows through 
tubes into the downcomer annulus.  A skirt extends from the bottom of the dryer vane housing 
to the steam separator standpipe, below the water level.  This skirt forms a seal between the 
wet steam plenum and the dry steam flowing from the top of the dryers to the steam outlet 
nozzles. 
 
The steam dryer and shroud head are positioned in the vessel during installation with the aid of 
vertical guide rods.  The dryer assembly rests on steam dryer support brackets attached to the 
reactor vessel wall.  Upward movement of the dryer assembly, which would occur only under 
accident conditions, is restricted by steam dryer hold-down brackets attached to the reactor 
vessel top head. 
 
3.9.5.1.8  Feedwater Spargers 
 
The feedwater spargers are stainless steel headers located in the mixing plenum above the 
downcomer annulus.  A separate sparger is fitted to each feedwater nozzle and is shaped to 
conform to the curve of the vessel wall.  Sparger end brackets are pinned to vessel brackets to 
support the spargers.  Feedwater flow enters the center of the spargers and is discharged 
radially inward to mix the cooler feedwater with the downcomer flow from the steam separators 
and steam dryer before it contacts the vessel wall.  The feedwater also serves to condense the 
steam in the region above the downcomer annulus and to subcool the water flowing to the jet 
pumps and recirculation pumps.  
 
3.9.5.1.9  Core Spray Lines 
 
The core spray lines are the means for directing flow to the core spray nozzles which distribute 
coolant during accident conditions.  
 
Two core spray lines enter the reactor vessel through the two core spray nozzles.  (see Section 
5.4).  The lines divide immediately inside the reactor vessel.  The two halves are routed to 
opposite sides of the reactor vessel and are supported by clamps attached to the vessel wall.  
The lines are then routed downward into the downcomer annulus and pass through the upper 
shroud immediately below the flange.  The flow divides again as it enters the center of the 
semicircular sparger, which is routed halfway around the inside of the upper shroud.  The two 
spargers are supported by brackets designed to accommodate thermal expansion.  The line 
routing and supports are designed to accommodate differential movement between the shroud 
and vessel.  The other core spray line is identical except that it enters the opposite side of the 
vessel and the spargers are at a slightly different elevation inside the shroud.  The correct spray 
distribution pattern is provided by a combination of distribution nozzles pointed radially inward 
and downward from the spargers (see Section 6.3). 
 
3.9.5.1.10  Vessel Head Spray Nozzle 
 
When reactor coolant is returned to the reactor vessel part of the flow can be diverted to a spray 
nozzle in the reactor head.  This spray maintains saturated conditions in the reactor vessel head 
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volume by condensing steam being generated by the hot reactor vessel walls and internals.  
The spray also decreases thermal stratification in the reactor vessel coolant.  This ensures that 
the water level in the reactor vessel can rise.  The higher water level provides conduction 
cooling to more of the mass of metal of the reactor vessel and, therefore, helps maintain the 
cooldown rate. 
 
The vessel head spray nozzle is mounted to a short length of pipe and a flange, which is bolted 
to a mating flange on the reactor vessel head nozzle (see Subsection 5.4.7). 
 
3.9.5.1.11  Differential Pressure and Liquid Control Line 
 
The differential pressure and liquid control line serves a dual function within the reactor vessel - 
to provide a path for the injection of the liquid control solution into the coolant stream and to 
sense the differential pressure across the core support plate (described in Section 5.4).  This 
line enters the reactor vessel at a point below the core shroud as two concentric pipes.  In the 
lower plenum, the two pipes separate.  The inner pipe terminates near the lower shroud with a 
perforated length below the core support plate.  It is used to sense the pressure below the core 
support plate during normal operation and to inject liquid control solution if required.  This 
location facilitates good mixing and dispersion.  The inner pipe also reduces thermal shock to 
the vessel nozzle should the standby liquid control system be actuated.  The outer pipe 
terminates immediately above the core support plate and senses the pressure in the region 
outside the fuel assemblies. 
 
3.9.5.1.12  In-Core Flux Monitor Guide Tubes 
 
In-core flux monitor guide tubes provide a means of positioning fixed detectors in the core as 
well as provide a path for calibration monitors (TIP System). 
 
The in-core flux monitor guide tubes extend from the top of the in-core flux monitor housing 
(see Section 5.4) in the lower plenum to the top of the core support plate.  The power range 
detectors for the power range monitoring units and the dry tubes for the source range 
monitoring and intermediate range monitoring (SRM/IRM) detectors are inserted through the 
guide tubes.  A lattice work of clamps, tie bars, and spacers give lateral support and rigidity to 
the guide tubes.  The bolts and clamps are welded, after assembly, to prevent loosening during 
reactor operation. 
 
3.9.5.1.13  Surveillance Sample Holders 
 
The surveillance sample holders are welded baskets containing impact and tensile specimen 
capsules (see Section 5.4).  The baskets hang from the brackets that are attached to the inside 
wall of the reactor vessel and extend to mid-height of the active core.  The radial positions are 
chosen to expose the specimens to the same environment and maximum neutron fluxes 
experienced by the reactor vessel itself while avoiding jet pump removal interference or 
damage. 
 
3.9.5.2  Design Loading Conditions 
 
3.9.5.2.1  Events to be Evaluated 
 
Examination of the spectrum of conditions for which the safety design basis must be satisfied 
reveals four significant faulted events: 
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a) Recirculation Line Break:  a break in a recirculation line between the reactor vessel and 

the recirculation pump suction. 
 
b) Steam line break accident:  a break in one main steam line between the reactor vessel 

and the flow restrictor.  The accident results in significant pressure differentials across 
some of the structures within the reactor. 

 
c) Earthquake:  subjects the core support structures and reactor internals to significant 

forces as a result of ground motion. 
 
d) Safety relief valve discharge in combination with an SSE. 
 
Analysis of other conditions existing during normal operation, abnormal operational transients, 
and accidents shows that the loads affecting the core support structures and other engineered 
safety feature reactor internals are less severe than these three postulated events. 
 
The faulted conditions for the reactor pressure vessel internals are discussed in Subsection 
3.9.1.4.  Loading combination and analysis for the reactor pressure vessel internals are 
discussed in Subsection 3.9.3.l, Tables 3.9-1 and 3.9-2. 
 
3.9.5.2.2  Pressure Differential During Rapid Depressurization 
 
A digital computer code is used to analyze the transient conditions within the reactor vessel 
following the recirculation line break accident and the steam line break accident.  The analytical 
model of the vessel consists of nine nodes, which are connected to the necessary adjoining 
nodes by flow paths having the required resistance and inertial characteristics.  The program 
solves the energy and mass conservation equations for each node to give the depressurization 
rates and pressure in the various regions of the reactor.  Figure 3.9-7 shows the nine reactor 
nodes.  The computer code used is the General Electric Short-Term Thermal-Hydraulic Model 
described in Reference 3.9-3.  This model has been approved for use in ECCS conformance 
evaluation under 10CFR50, Appendix K.  In order to adequately describe the blowdown 
pressure effect on the individual assembly components, three features are included in the 
model that are not applicable to the ECCS analysis and are, therefore, not described in 
Reference 3.9-3.  These additional features are discussed below: 
 
a) The liquid level in the steam separator region and in the annulus between the dryer skirt 

and the pressure vessel is tracked to more accurately determine the flow and mixture 
quality in the steam dryer and in the steamline. 

 
b) The flow path between the bypass region and the shroud head is more accurately 

modeled since the fuel assembly pressure differential is influenced by flashing in the 
guide tubes and bypass region for a steamline break.  In the ECCS analysis, the 
momentum equation is solved in this flow path, but its irreversible loss coefficient is 
conservatively set at an arbitrary low value. 

 
c) The enthalpies in the guide tubes and the bypass are calculated separately, since the 

fuel assembly ΔP is influenced by flashing in these regions.  In the ECCS analysis, these 
regions are lumped. 
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3.9.5.2.3  Recirculation Line and Steam Line Break 
 
3.9.5.2.3.1  Accident Definition 
 
Both a recirculation line break (the largest liquid break) and an inside steam line break (the 
largest steam break) are considered in determining the design basis accident for the engineered 
safety feature reactor internals.  The recirculation line break is the same as the design basis 
loss-of-coolant accident described in Section 6.3.  A sudden, complete circumferential break is 
assumed to occur in one recirculation loop.  The pressure differentials on the reactor internals 
and core support structures are in all cases lower than for the main steam line break. 
 
The analysis of the steam line break assumes a sudden, complete circumferential break of one 
main steam line between the reactor vessel and the main steam line restrictor.  A steam line 
break upstream of the flow restrictors produces a larger blowdown area and thus a faster 
depressurization rate than a break downstream of the restrictors.  The larger blowdown area 
results in greater pressure differentials across the reactor internal structures. 
 
The steam line break accident produces significantly higher pressure differentials across the 
reactor internal structures than does the recirculation line break.  This results from the higher 
reactor depressurization rate associated with the steam line break.  Therefore, the steam line 
break is the design basis accident for internal pressure differentials. 
 
3.9.5.2.3.2  Effects of Initial Reactor Power and Core Flow 
 
The maximum internal pressure loads can be considered to be composed of two parts:  steady-
state and transient pressure differentials.  For a given plant the core flow and power are the two 
major factors which influence the reactor internal pressure differentials.  The core flow 
essentially affects only the steady-state part.  For a fixed power, the greater the core flow, the 
larger will be the steady-state pressure differentials.  The core power affects both the steady-
state and the transient parts.  As the power is decreased, there is less voiding in the core and 
consequently the steady-state core pressure differential is less.  However, less voiding in the 
core also means that less steam is generated in the reactor pressure vessel and thus the 
depressurization rate and the transient part of the maximum pressure load is increased.  As a 
result, the total loads on some components are higher at low power. 
 
To ensure that the calculated pressure differences bound those which could be expected if a 
steam line break should occur, an analysis is conducted at a low power-high recirculation flow 
condition in addition to the standard safety analysis condition at high power, rated recirculation 
flow.  The power chosen for analysis is the minimum value permitted by the recirculation system 
controls at rated recirculation drive flow (that is, the drive flow necessary to achieve rated core 
flow at rated power.)  
 
This condition maximizes those loads which are inversely proportional to power.  It must be 
noted that this condition, while possible, is unlikely; first, because the reactor will generally 
operate at or near full power; second, because high core flow is neither required nor desirable at 
such a reduced power condition. 
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3.9.5.2.4  Seismic and Hydrodynamic Loads 
 
The seismic and hydrodynamic loads acting on the structures within the reactor vessel are 
based on a dynamic analysis as described in Section 3.7.  Seismic analysis is performed by 
coupling the lumped mass model of the reactor vessel and internals, as described in Section 
3.7, with the building model to determine the acceleration force and moment time histories in the 
reactor vessel and internals.  This is accomplished by using the modal superpostion method.  
Acceleration response spectra are also generated for subsystem analyses of selected 
components. 
 
3.9.5.3  Design Loading Categories 
 
Loading combinations for the core support structures are shown in Table 3.9-2.  The basis for 
determining faulted loads on the reactor internals is shown for dynamic loads in Section 3.7 and 
for pipe rupture loads in Subsection 3.9.5.2.3 and 3.9.5.4.3.  Table 3.9-2b shows allowable and 
calculated stress values for highly stressed core support structures and selected reactor internal 
components.  Table 3.9-2aa provides this same type of information for the CRD guide tubes. 
 
Stress intensity and other design limits are discussed in Subsection 3.9.5.4.4.  The core support 
structures which are fabricated as part of the reactor pressure vessel assembly are discussed in 
Subsection 3.9.1.3 in conjunction with the reactor pressure vessel. 
 
The design requirements for equipment classified as "other" e.g., steam dryers and shroud 
heads, were specified by the designer with appropriate consideration of the intended service of 
the equipment and expected plant and environmental conditions under which it will operate. 
Where possible, design requirements are based on applicable industry codes and standards.  
If these are not available, the designer relies on accepted industry or engineering practices. 
 
3.9.5.4  Design Bases 
 
3.9.5.4.1  Safety Design Bases 
 
The reactor core support structures and internals shall meet the following safety design bases:  
 
1) They shall be arranged to provide a floodable volume in which the core can be 

adequately cooled in the event of a breach in the nuclear system process barrier 
external to the reactor vessel. 

 
2) Deformation shall be limited to assure that the control rods and core standby cooling 

systems can perform their safety functions. 
 
3) Mechanical design of applicable structures shall assure that safety design bases (1) and 

(2), above, are satisfied so that the safe shutdown of the plant and removal of decay 
heat are not impaired. 

 
3.9.5.4.2  Power Generation Design Bases 
 
The reactor core support structures and internals shall be designed to the following power 
generation design bases: 
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1) They shall provide the proper coolant distribution during all anticipated normal operating 
conditions to full power operation of the core without fuel damage. 

 
2) They shall be arranged to facilitate refueling operations. 
 
3) They shall be designed to facilitate inspection. 
 
3.9.5.4.3   Response of Internals Due to Inside Steam Break Accident 
 
It is concluded that the maximum pressure loads acting on the reactor internal components 
result from an inside steam line break, and on some components the loads are greatest with 
operation at the minimum power associated with the maximum core flow.  This has been 
substantiated by the analytical comparison of liquid versus steam breaks and by the 
investigation of the effects of core power and core flow. 
 
It has also been pointed out that, although possible, it is not probable that the reactor would be 
operating at the rather abnormal condition of minimum power and maximum core flow.  More 
realistically, the reactor would be at or near a full power condition and thus the maximum 
pressure loads acting on the internal components would be less. 
 
3.9.5.4.4   Stress, Deformation, and Fatigue Limits for Reactor Internals  

(Except Core Support Structure) 
 
These limits are summarized in Table 3.9-2(b). 
 

Design Condition SF
 

Normal 2.25
Upset 2.25
Emergency 1.5
Faulted 1.125

 
Components inside the reactor pressure vessel such as control rods which must move during 
accident condition have been examined to determine if adequate clearances exist during 
emergency and faulted conditions.  No mechanical clearance problems have been identified.  
No plastic deformation occurs in the reactor internal components during emergency or faulted 
conditions as shown in Subsections 3.9.4 and 3.9.3.1, and Table 3.9-2.  This is used in 
demonstrating that no mechanical interferences exist.  No fatigue analysis is required under the 
faulted conditions due to the low encounter frequency of faulted events and the low number of 
cycles.  The forcing functions applicable to the reactor internals are discussed in Subsection 
3.9.2.5. 
 
3.9.5.4.5   Stress, Deformation, and Fatigue Limits for Core Support Structures 
 
These limits are summarized in Tables 3.9-2a, 3.9-2b, and 3.9-2v. 
 
 
3.9.6  IN-SERVICE TESTING OF PUMPS AND VALVES 
 
The construction permits for the Susquehanna Steam Electric Station were issued in November 
1973.  Relating this date to the requirements of 10CFR50.55a(g), the preservice examination 
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program, including provisions for design and access to enable operational readiness testing of 
pumps and valves, complied, as a minimum, with the 1971 Edition of the ASME B&PV Code 
Section XI including Addenda through Summer 1972. 
 
This ASME Code Edition does not require preservice and in-service testing of pumps and 
valves to ensure operational readiness.  The requirements for in-service testing of pumps and 
valves were added as Subsections IWV and IWP to ASME B&PV Code Section XI, Summer 
1973 Addenda, effective December 30, 1973. By then, design and procurement for SSES was 
under way; however, the preservice testing program for pumps and valves for assessing 
operational readiness was conducted, to the extent practical, so that it complied with 
requirements of the 1974 Edition, ASME B&PV Code through Winter 1975 Addenda. 
 
The first 120 months' in-service tests will assess operational readiness of pumps and valves.  
These tests complied, to the extent practical within design limitations, with the requirements of 
10CFR50.55a.  
 
During successive 120-month periods, in-service tests of pumps and valves for assessing 
operational readiness will comply, to the extent practical within design limitations, with the 
requirements of 10CFR50.55a. 
 
 
3.9.7  REFERENCES 
 
3.9-1 "Design and Performance of G.E. BWR Jet Pumps," General Electric Company, Atomic 

Power Equipment Department, APED-5460, July 1968.
  
3.9-2 Moen, H.H., "Testing of Improved Jet Pumps for the BWR/6 Nuclear System," General 

Electric Company, Atomic Power Equipment Department, NEDO-10602, June 1972.
  
3.9-3 General Electric Company, "Analytical Model for Loss-of-Coolant Analysis in 

Accordance with 10 CFR 50, Appendix K," Proprietary Document, General Electric 
Company, NEDE-20566. 

  
3.9-4 Not Used 
  
3.9-5 Not Used 
  
3.9-6 Seismic Analysis of Piping Systems, BP-TOP-1, Bechtel Power Corporation, San 

Francisco, California, Rev. 2, January, 1975.
  
3.9-7 "Assessment of Reactor Internals Vibration in BWR/4 and BWR/5 Plants," 

NEDE-24057-P (Class III) and NEDO-24057 (Class I), November, 1977. 
  
3.9-8 "Functional Capability Criteria for Essential Mark II Piping," NEDO-21985, 78 NED174 

(Class I), September, 1978.
  
3.9-9 "Power Uprate Engineering Report for Susquehanna Steam Electric Station, Units 1 

and 2," NEDC-32161P, As Revised by PP&L Calculation EC-PUPC-1001, Revision 0, 
March, 1994. 

  
3.9-10 “BWR Jet Pump Assembly Maintenance Issues,” General Electric Company, 

San Jose, CA, June 2002 
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TABLE 3.9-2a 
 

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY 
 
 

ASME B&PV CODE SEC. III 
SUBSECTION NB PRIMARY 

STRESS LIMIT CRITERIA 

LOADING PRIMARY STRESS 
TYPE 

ALLOWABLE 
STRESS 

-(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(i)  VESSEL SUPPORT SKIRT 

MATERIAL:  SA-516   GR-70 

A.  NORMAL & UPSET CONDITION: 

   Pm ≤ Sm 
    Sm = 19,150 @ 575°F 
    Pm + Pb ≤ 1.5 Sm 
    1.5 Sm = 28,725 @ 575°F 

1. Deadweight 
2. Pressure 
3. OBE 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

19,150 
 

28,725 

14,566 U1
< 14,566 U2

20,330 U1
< 20,330 U2

B.  EMERGENCY CONDITION: 

    Pm ≤ Sy 
    Sy = 29,425 @ 546°F 
    Pm + Pb ≤ 1.5 Sy 
   1.5 Sy = 44,138 @ 546 °F 

1. Deadweight 
2. Pressure 
3. DBA 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

29,425 
 

44,150 

20,565 U1
< 20,565 U2

29,377 U1
< 29,377 U2

C.  FAULTED CONDITION: 

    Pm ≤ 2.4 Sm 
    2.4 Sm = 45,960 @ 546°F 
    Pm + Pb ≤ 3.6 Sm 
    3.6 Sm = 68,940 @ 546°F 

1. Deadweight 
2. Pressure 
3. Annulus 
 
   Pressurization 
4. SSE 
5. LOCA 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

45,960 
 

68,940 

36,410 
 

60,570 

D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR:  0.913 U1 and 0.888 U2 At Skirt Base Junction  These 
CUFs account for the original 40-year plant design.  During the period of extended operation, actual fatigue design 
margins are periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 
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TABLE 3.9-2a (Continued) 
 

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY 
 
 

ASME B&PV CODE SEC. III 
SUBSECTION NB PRIMARY 

STRESS LIMIT CRITERIA 

LOADING PRIMARY STRESS 
TYPE 

ALLOWABLE 
STRESS 

-(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(ii) SHROUD SUPPORT 

MATERIAL:  INCONEL SB-168 

A.  NORMAL & UPSET CONDITION: 

    Pm ≤ Sm 
    Sm = 23,300 @ 575°F 
    Pm + Pb ≤ 1.5 Sm 
    1.5 Sm = 34,950 @ 575°F 

1. Deadweight 
2. Pressure 
3. OBE 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

23,300 
 

35,000 

7,600 
 

11,600 

B.  EMERGENCY CONDITION: 

    Pm ≤ Sy 
    Sy = 28,125 @ 575°F 
    Pm + Pb ≤ 1.5 Sy 
   1.5 Sy = 42,188 @ 575°F  

1. Deadweight 
2. Pressure 
3. SBA 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

35,000 
 

54,400 

7,600 
 

11,600 

C.  FAULTED CONDITION: 

    Pm ≤ Sy(1) 
   Sy = 28,125 @ 575°F 
   Pm + Pb ≤ 1.5 Sy 
   1.5 Sy = 42,188 @ 575°F 

1. Deadweight 
2. Pressure 
3. Annulus 
Pressurization 
4. SSE 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

35,000 
 

52,400 

15,300 
 

23,400 

  D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR:  0.41 At Vessel - Support Plate Junction.  This CUF 
accounts for the original 40-year plant design.  During the period of extended operation, actual fatigue design margins 
are periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 

 
 

                     
     (1)  Emergency allowable values used. 
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TABLE 3.9-2a (Continued) 
 

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY 
 
 

ASME B&PV CODE SEC. III 
SUBSECTION NB PRIMARY STRESS 

LIMIT CRITERIA 

LOADING PRIMARY STRESS 
TYPE 

ALLOWABLE 
 STRESS 

(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(iii)  RPV FEEDWATER NOZZLE 

MATERIAL:  SA 508 CL. I. 

A.  NORMAL & UPSET CONDITION: 

    Pm ≤ Sm 
    Sm = 17,700 @ 525°F 
    Pm + Pb ≤ 1.5 Sm 
    1.5 Sm = 26,550 @ 525°F 

1. Deadweight 
2. Pressure 
3. OBE 
4. SRV 

PRIMARY MEMBRANE
 
PRIMARY MEMBRANE
PLUS BENDING 

17,700 
 

26,550 

14,200 
 

19,700 

B.  EMERGENCY CONDITION: 

    Pm ≤ Sy 
    Sy = 25,900 @ 594°F 
    Pm + Pb ≤ 1.5 Sy 
   1.5 Sy = 38,850 @ 594°F  

1. Deadweight 
2. Pressure 
3. SBA 
4. SRV 

PRIMARY MEMBRANE
 
PRIMARY MEMBRANE
PLUS BENDING 

26,500 
 

39,800 

15,600 
 

20,800 

C.  FAULTED CONDITION: 

    Pm ≤ 3.0 Sm 
   3.0 Sm = 53,100 @ 575°F 
   Pm +Pb ≤ 1.5 Sy 
   1.5 Sy = 38,850 @ 594°F 

1. Deadweight 
2. Pressure 
3. LOCA 
4. SSE 

PRIMARY MEMBRANE
 
PRIMARY MEMBRANE
PLUS BENDING 

53,100 
 

39,800 

28,300(2) 
 

20,800 

  D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR:  0.82 At Safe End.  This CUF accounts for the original 
40-year plant design.  During the period of extended operation, actual fatigue design margins are periodically 
evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 

 
 

                     
     (2)    Without Thermal Bending. 
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TABLE 3.9-2a (Continued) 
 

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY 
 
 

ASME B&PV CODE SEC. III 
SUBSECTION NB PRIMARY STRESS 

LIMIT CRITERIA 

LOADING PRIMARY STRESS 
TYPE 

ALLOWABLE 
STRESS 

(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(iv)  IV CRD PENETRATION - CRD HOUSING 

MATERIAL:  TYPE 304SS 

A.  NORMAL & UPSET CONDITION: 

    Pm ≤ Sm 
    Sm = 16,600 @ 575°F 
    Pm + Pb ≤ 1.5 Sm 
    1.5 Sm = 24,990 @ 575°F 

1. Deadweight 
2. Pressure 
3. OBE 
4. SRV 

PRIMARY MEMBRANE
 
PRIMARY MEMBRANE
PLUS BENDING 

16,600 
 

24,900 

8,506 
 

8,480 

B.  EMERGENCY CONDITION: 

    Pm ≤ 1.2 Sm 
    1.2 Sm = 20,000 @ 575°F 
    Pm + Pb ≤ 1.8 Sm 
   1.8 Sm = 30,000 @ 575°F  

1. Deadweight 
2. Pressure 
3. SRV 
4. SBA 

PRIMARY MEMBRANE
 
PRIMARY MEMBRANE
PLUS BENDING 

19,920 
 

29,880 

12,470 
 

12,710 

C.  FAULTED CONDITION: 

    Pm ≤ 2.4 Sm 
   2.4 Sm = 39,984 @ 575°F 
   Pm +Pb ≤ 3.6 Sm 
   3.6 Sm = 59,975 @ 575°F 

1. Deadweight 
2. Pressure 
3. LOCA 
4. SCRAM 
5. SSE 

PRIMARY MEMBRANE
 
PRIMARY MEMBRANE
PLUS BENDING 

39,840 
 

59,760 

12,470 
 

12,710 

  D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR:  0.208 at Lower CRD Housing.  This CUF accounts for 
the original 40-year plant design.  During the period of extended operation, actual fatigue design margins are 
periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 
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TABLE 3.9-2a (Continued) 
 

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY 
 
 

ASME B&PV CODE SEC. III 
SUBSECTION NB PRIMARY 

STRESS LIMIT CRITERIA 

LOADING PRIMARY STRESS 
TYPE 

ALLOWABLE 
STRESS 

-(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(v)  CRD PENETRATION - STUB TUBE 

MATERIAL:  SB-167 INCONEL 

A.  NORMAL & UPSET CONDITION: 

    Pm ≤ Sm 
    Sm = 20,000 @ 575°F 
    Pm + Pb ≤ 1.5 Sm 
    1.5 Sm = 30,000 @ 575°F 

1. Deadweight 
2. Pressure 
3. OBE 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

20,000 
 

30,000 

5,005 
 

28,200 

B.  EMERGENCY CONDITION: 

    Pm ≤ Sy 
    Sy = 24,100 @ 575°F 
    Pm + Pb ≤ 1.5 Sy 
   1.5 Sy = 36,150 @ 575°F  

1. Deadweight 
2. Pressure 
3. SBA 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

24,100 
 

36,150 

6,755 
 

30,260 

C.  FAULTED CONDITION: 

    Pm ≤ 2.4 Sm 
   2.4 Sm = 48,000 @ 575°F 
   Pm +Pb ≤ 3.6 Sm 
   3.6 Sm = 72,000 @ 575°F 

1. Deadweight 
2. Pressure 
3. LOCA 
4. SSE 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

48,000 
 

72,000 

6,755 
 

30,260 

  D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR:  0.36 At Bottom of Weld.  This CUF accounts for the 
original 40-year plant design.  During the period of extended operation, actual fatigue design margins are periodically 
evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 
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TABLE 3.9-2b 
 

REACTOR INTERNALS AND ASSOCIATED EQUIPMENT 
 

ASME B&PV CODE SEC. III 
SUBSECTION NG PRIMARY 

STRESS LIMIT CRITERIA 

LOADING PRIMARY STRESS TYPE ALLOWABLE 
STRESS 

(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(i) TOP GUIDE - BEAM WITH HIGHEST STRESS 

MATERIAL:  SA-240   TYPE 304SS 

A.  NORMAL & UPSET CONDITION: 

    Pm ≤ Sm 1.  Normal PRIMARY MEMBRANE 16,950 2,770 
    Sm = 16,900 @ 550°F 2.  Pressure    
    Pm + Pb ≤ 1.5 Sm  
   1.5 Sm = 25,350 @ 550°F 

3.  OBE 
4.  SRV 

PRIMARY MEMBRANE 
PLUS BENDING 

25,430 11,500 

B.  EMERGENCY CONDITION: 

    Pm ≤ 1.5 Sm 1.  Normal PRIMARY MEMBRANE 25,430 730 
    1.5 Sm = 25,350 @ 550°F 2.  Pressure    
    Pm + Pb ≤ 2.25 Sm 3.  Chugging PRIMARY MEMBRANE 

PLUS BENDING 
38,140 9,600 

 
    2.25 Sm = 38,025 @ 550°F 4.  SRV    

C.  FAULTED CONDITION: 

   Pm ≤ 2.4 Sm 1.  Normal PRIMARY MEMBRANE 40,680 3,500 
    2.4 Sm = 40,560 @ 550°F 2.  Pressure    
    Pm + Pb ≤ 3 Sm 
    3 Sm = 50,7000 @ 550°F 

3.  SRV 
4.  SSES 
5.  LOCA 

PRIMARY MEMBRANE 
PLUS BENDING 

61,020 11,800 

D. MAXIMUM CUMULATIVE USAGE FACTOR:  0.22 At Beam-Slot Location  This CUF was evaluated for the period of 
extended operation and found to be acceptable. 
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TABLE 3.9-2b (Continued) 
 

REACTOR INTERNALS AND ASSOCIATED EQUIPMENT 
 
 

ASME B&PV CODE SEC. III 
SUBSECTION NG PRIMARY 

STRESS LIMIT CRITERIA 

LOADING PRIMARY STRESS TYPE ALLOWABLE 
STRESS 

(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(ii) CORE PLATE (LIGAMENT IN TOP PLATE) 

MATERIAL:  TYPE 304SS 

A.  NORMAL & UPSET CONDITION: 

    Pm ≤ Sm 
    Sm = 16,900 @ 550°F 
    Pm + Pb ≤ 1.5 Sm 
    1.5 Sm = 25,350 @ 550°F 

1. Normal 
2. Pressure 
3. OBE 
4. SRV 

PRIMARY MEMBRANE 
 

PRIMARY MEMBRANE 
PLUS BENDING 

16,900 
 

25,470 

783 
 

10,140 

B.  EMERGENCY CONDITION: 

    Pm ≤ 1.5 Sm 
    1.5 Sm = 25,350 @ 550°F 
    Pm + Pb ≤ 2.25 Sm 
    2.25 Sm = 38,025 @ 550°F 

1. Normal 
2. Pressure 
3. Chugging 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

25,350 
 

38,200 

647 (1) 

 
12,460 

C.  FAULTED CONDITION: 

    Pm ≤ 2.4 Sm 
    2.4 Sm = 40,560 @ 550°F 
    PL + Pb ≤ 3 Sm 
    3 Sm = 50,700 @ 550°F 

1. Normal 
2. Pressure 
3. SRV 
4. SSE 
5. LOCA 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 
 

40,560 
 

61,020 

9,570 (1) 
 

15,710 

D. MAXIMUM CUMULATIVE USAGE FACTOR:  0.005 At Beam-Rim Junction.  This CUF was evaluated for the period of 
extended operation and found to be acceptable. 

 

(1)  Value is not given in New Loads Report.  However, Primary and Bending Stresses are, and these are bounding. 
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TABLE 3.9-2b (Continued) 
 

REACTOR INTERNALS AND ASSOCIATED EQUIPMENT 
 
 

ASME B&PV CODE SEC. III 
SUBSECTION NG PRIMARY STRESS 

LIMIT CRITERIA 

LOADING PRIMARY STRESS 
TYPE 

ALLOWABLE 
STRESS 

(psi) 

MAXIMUM 
CALCULATED 
STRESS (psi) 

(ii) VESSEL HEAD SPRAY NOZZLE 

MATERIAL:  CARBON STEEL SA508,CL1 

A.  NORMAL & UPSET CONDITION: 

    Pm ≤ * 
    Sm = 16,670 @ 575°f 
    PL + Pb ≤ 3.5 Sm 
    1.5 Sm = 50,000 @ 575°F 

1.  Normal 
2. Pressure 
3. OBE 
4. SRV 

PRIMARY MEMBRANE 
 
PRIMARY MEMBRANE 
PLUS BENDING 

 
 

50,000 

 
 

28,700 

B.  EMERGENCY CONDITION: 

    PL + P b  ≤ 1.8 Sm 
    1.8 Sm -  30,000 @ 575°F 
 

1. Normal 
2. Pressure 
3. Chugging 
4. SRV 

 
 
PRIMARY MEMBRANE 
PLUS BENDING 

 
 

30,000 

 
 

28,700 
 

C.  FAULTED CONDITION: 

    PL + Pb ≤ 3 Sm 
    3 Sm = 50,000 @ 575°F 
    PL + Pb ≤ 3 Sm 
    3 Sm = 50,7000 @ 550°F 

1. Normal 
2. Pressure 
3. SRV 
4. SSE 
5. LOCA 

 
 
PRIMARY MEMBRANE 
PLUS BENDING 
 

 
 

50,000 
 

 
 

28,700 

D. MAXIMUM CUMULATIVE USAGE FACTOR:  Satisfied per N-415-1 

 

* Not required per NB-3222. 
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Table 3.9-2d.1 
ASME CODE CLASS 1 MAIN STEAM PIPING AND PIPE MOUNTED EQUIPMENT – 

 
HIGHEST STRESS SUMMARY – UNIT 2 

 
 

 
 

ACCEPTANCE 
CRITERIA 

 
 

LIMITING 
STRESS TYPE 

 
 

CALCULATED 
STRESS  OR 

USAGE FACTOR

 
 

ALLOWABLE 
LIMITS 

 
 

RATIO 
ACTUAL/ 

ALLOWABLE 

 
 

LOADING 

IDENTIFICATION 
OF LOCATIONS OF 
HIGHEST STRESS 
POINTS – NODG 

POINT NUMBERS 
ASME B&PV Code Section III, NB-3600 
Design Condition: 
Eq. 9 ≤ 1.5 Sm 

 
Primary 

 
26,480 psi 

 
26,550 psi 

 
0.997 

1. Pressure 
2. Weight 
3. OBE 
4. SRV 

 
M.S. Line ‘A’ 

Sweepolet 990 

Service Levels A&B 
(Normal & Upset) 
Condition: 
Eq. 12 ≤ 3.0 Sm 

 
Secondary 

 
32,295 psi 

 
54,252 psi 

 
0.595 

 
1. Thermal 

 
M.S. Line ‘C’ 

Sweepolet 641 

Service Levels A&B 
(Normal & Upset) 
Condition: 
Eq.13 ≤ 3.0 Sm 

Primary Plus 
Secondary 

(Except 
Thermal 

Expansion) 

 
54,046 psi 

 
54,252 psi 

 
0.996 

1. Pressure 
2. Weight 
3. OBE 
4. SRV 

 
M.S. Line ‘A’ 

Sweepolet  790 

Service Levels A&B 
(Normal & Upset) 
Conditions: 
Cumulative Usage 
Factor 

 
N/A 

 
0.683* 

 
1.0 

 
0.683 

  
M.S. Line ‘B’ 

TTJ @ 
Sweepolet 932 

Service Level B 
(Upset) 
Condition: 
Lower{Eq.9 ≤ 1.8 Sm 

  Of    {EQ 9 ≤ 1.5Sy 

 
Primary 

 
30,010 psi 

 
31,860 psi 

 
0.942 

1. Pressure 
2. Weight 
3. OBE 
4. SRV 

 
M.S. Line ‘D’ 
Sweepolet 90 

Service Level C 
(Emergency) 
Condition: 
Lower{Eq.9<2.25 Sm 
  Of    {Eq 9 < 1.8 Sy 

 
Primary 

 
30,110 psi 

 
39,820 psi 

 
0.756 

1. Pressure 
2. Weight 
3. SBA  
4. OBE 
5. SRV 

 
M.S. Line ‘D’ 
Sweepolet 75 

Service Level D 
(Faulted) 
Condition: 
Eq. 9 <3.0 Sm 

 
Primary 

 
58,915psi 

 
60,000 psi 

 
0.982 

1. Pressure 
2. Weight 
3. SSE 
4. LOCA 
5. IBA 
6. SRV 

 
M.S. Line ‘A’ 

Sweepolet 790 
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Table 3.9-2d.1 (Continued) 
 

ASME CODE CLASS 1 MAIN STEAM PIPING AND PIPE MOUNTED EQUIPMENT – UNIT 2 
 
 

 
COMPONENT/LO

AD TYPE 

 
HIGHEST 

CALCULATED 
LOAD 

 
ALLOWABLE 

LOAD 

 
RATIO 

CALCULATED/AL
LOWABLE 

 
LOADING 

IDENTIFICATION OF 
EQUIPMENT WITH 
HIGHEST LOADS 

 
Snubber/ 
Service Level 
‘B’ Loads 

 
44,848 

 
50,000 

 
0.897 

1. Pressure 
2. Weight 
3. OBE 
4. Operating 

transient 

 
M.S. Line ‘A’ 
120; H42 

 
Snubber/ 
Service Level 
‘C’ Loads 

 
42,043 

 
70,350 

 
0.598 

1. Pressure 
2. Weight 
3. SBA 
4. Operating 

transient 

 
M.S. Line ‘A’ 
120; H42 

 
Snubber/ 
Service Level 
‘D’ Loads 

 
74,120 

 
91,000 

 
0.815 

1. Pressure 
2. Weight 
3. IBA 
4. SSE 
5. Operating 

transient 

 
M.S. Line ‘A’ 
120; H42 

 
SRV/Horizontal 
Acceleration 

 
4.063 

 
5.2 g 

 
0.781 

1. Pressure 
2. Weight 
3. LOCA 
4. SSE 

 
Line ‘C’ 
SRV ‘R’ 

 
SRV/Vertical 
Acceleration 

 
2.499 g 

 
4.4 g 

 
0.568 

1. Pressure 
2. Weight 
3. LOCA 
4. SRV 

 
Line ‘D’ 
SRV ‘K’ 

 
MSIV Bonnet/ 
Axial Force 

 
7,340 

 
41,221 lb 

 
0.178 

1. Pressure 
2. Weight 
3. LOCA 
4. SSE 

 
Line ‘A’ 
MSIV Bonnet 

 
MSIV Bonnet/ 
Bending Moment 

 
1,369,899 

in-lbs 

 
1,589,000 

in-lb 

 
0.862 

1. Pressure 
2. Weight 
3. LOCA 
4. SSE 

 
Line ‘B’ 
MSIV Bonnet 

* This CUF accounts for the original 40-year plant design.  During the period of extended operation, actual fatigue design margins 
are periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 
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Table 3.9-2e 
 

ASME CODE CLASS 1 RECIRCULATION PIPING AND PIPE MOUNTED EQUIPMENT –  
HIGHEST STRESS SUMMARY – UNIT 1 

 
 
ACCEPTANCE CRITERIA 

 
LIMITING 

STRESS TYPE 

 
CALCULATED 
STRESS OR 

USAGE FACTOR 

 
ALLOWABLE 

LIMITS 

 
RATIO 

ACTUAL/ 
ALLOWABLE 

 
 

LOADING 

IDENTIFICATION 
OF LOCATIONS OF 
HIGHEST STRESS 
POINTS - NODG 

POINT NUMBERS 
ASME B&PV Code Section 
III, NB-3600 
Design Condition: 
 
Eq. 9 ≤ 1.5 Sm 

 
 
Primary 

 
 
24,097 psi 

 
 
25,013 psi 

 
 
0.963 

 
1.  Pressure 
2.  Weigh 
3.  OBE 

 
 
Loop 'B' 
Elbow-784 

Service Levels A & B 
(Normal & Upset) Conditions: 
 
Eq. 12 ≤ 3.0 Sm 

 
 
 
 
Secondary 

 
 
 
 
36,019 psi 

 
 
 
 
50,025 psi 

 
 
 
 
0.720 

 
 
 
 
1.  Thermal 

 
 
 
 
Loop 'B' 
Weldolet 508 

Service Levels A & B 
(Normal & Upset) Condition: 
 
Eq. 13 ≤ 3.0 Sm 

 
 
 
 
Primary Plus 
Secondary 
(Except 
Thermal 
Expansion) 

 
 
 
 
49,544 psi 

 
 
 
 
50,025 psi 

 
 
 
 
0.990 

 
 
 
 
1.  Pressure 
2.  Weight 
3.  OBE 
4.  Operating 
     Transient 
5.  SRV 

 
 
 
 
Loop 'B' 
TTJ@Valve 
End 782 

Service Levels A & B 
(Normal and Upset) 
Conditions: 
 
Cumulative Usage Factor 

 
 
 
 
N.A. 

 
 
 
 
0.5555** 

 
 
 
 
1.0 

 
 
 
 
0.555 

 
 
 
 
1.  Pressure 
2.  Thermal 
3.  OBE 
4  .Operating 
    Transient 
5.  SRV 

 
 
 
 
Loop 'B' 
Half Coupling 727 

Service Level B (Upset) 
Condition: 
 
Eq. 9 ≤ 1.8 Sm & 1.5 Sy 

 
 
 
 
Primary 

 
 
 
 
25,298 psi 

 
 
 
 
27,750 psi 

 
 
 
 
0.912 

 
 
 
 
1.  Pressure 
2.  Weight 
3.  OBE 
4.  Operating 
     Transient 
5.  SRV 

 
 
 
 
Loop 'B' 
Elbow 784 
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Table 3.9-2e 

 
ASME CODE CLASS 1 RECIRCULATION PIPING AND PIPE MOUNTED EQUIPMENT –  

HIGHEST STRESS SUMMARY – UNIT 1 

 
 
ACCEPTANCE CRITERIA 

 
LIMITING 

STRESS TYPE 

 
CALCULATED 
STRESS OR 

USAGE FACTOR 

 
ALLOWABLE 

LIMITS 

 
RATIO 

ACTUAL/ 
ALLOWABLE 

 
 

LOADING 

IDENTIFICATION 
OF LOCATIONS OF 
HIGHEST STRESS 
POINTS - NODG 

POINT NUMBERS 

Service Level C (Emergency) 
Condition: 
 
Eq. 9 < 2.25 Sm & 1.8 Sy 

 
 
 
 
Primary 

 
 
 
 
28,801 psi 

 
 
 
 
33,300 psi 

 
 
 
 
0.865 

 
 
 
 
1.  Pressure 
2.  Weight 
3.  OBE 
4.  Operating 
    Transient 
5.  SRV 
6.  SBA 

 
 
 
 
Loop 'B' 
Weldolet 508 

Service Level D (Faulted) 
Condition: 
 
Eq. 9 < 3.0 Sm 

 
 
 
Primary 

 
 
 
41,019 psi 

 
 
 
50,025 psi 

 
  
 
0.820 

 
 
 
1.  Pressure 
2.  Weight 
3  .LOCA 
4.  Operating 
     Transient 
5.  SSE 
6.  IBA 
7.  SRV 

 
 
 
Loop 'B' 
Elbow 784 
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Table 3.9-2e (Continued) 

 
ASME CODE CLASS 1 RECIRCULATION AND PIPE MOUNTED EQUIPMENT –  UNIT 1 

 
COMPONENT/LOAD TYPE 

HIGHEST 
CALCULATED 

LOAD 

 
ALLOWABLE 

LOAD 

RATIO 
CALCULATED/ 
ALLOWABLE 

 
LOADING 

IDENTIFICATION OF 
EQUIPMENT WITH 
HIGHEST LOADS 

Snubber/ 
Service Level 
'B' Loads 

56,085 120,000 0.467 1.  Pressure 
2.  Weight 
3.  OBE 
4.  Operating transient 

Loop 'A' 
(SAI) H46 

STRUT 
Service Level 
'C' Loads 

68,094 87,840 0775 1.  Pressure 
2.  Weight 
3.  SBA 
4.  Operating transient 

Loop 'A' 
(PO1) H50 

STRUT 
Service Level 
'D' Loads 

94,493 121,896 0.775 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  Operating transient 

Loop 'A' 
(PO1) H50 

Discharge Gate Valve/ 
Horizontal Acceleration 

7.296 9.8 0.744 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  Operating transient 

Loop 'B' 
Operator 

Discharge Gate Vale/ 
Vertical Acceleration 

2.2 2.2 1.0 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  Operating transient 

Loop 'A' 
Operator 

By-Pass Valve/ 
Horizontal (East/West) 
Acceleration 

4.336 4.336 1.0 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  Operating transient 

Loop 'A' 
Operator 

By-Pass Valve/ 
Horizontal (North South) 
Acceleration 

2.605 2.605 1.0 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  Operating transient 

Loop 'A' 
Operator 

By-Pass Valve/ 
Vertical Acceleration 

2.514 2.62 0.960 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  Operating transient 

Loop 'A' 
Operator 

Suction Gate Valve/ 
Horizontal & Vertical 
Acceleration* 

5.24 9.87 0.531 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  Operating transient 

Loop 'A' 
Operator 

Recirc. Pump/ 
Horizontal Acceleration 

2.338 2.7 0.866 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  SSE 

Loop 'A' 
Pump Motor C.G. 

Recirc. Pump/ 
Vertical Acceleration 

1.004 2.1 0.478 1.  Pressure 
2.  Weight 
3.  LOCA 
4.  SSE 
5.  SRN 

Loop 'B' 
Pump Motor C.G. 

 * Allowable acceleration applies to operator only; valve body is qualified based upon allowable moment and allowable axial force. 

** This CUF accounts for the original 40-year plant design.  During the period of extended operation, actual fatigue design margins are 
periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 
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Table 3.9-2e.1 
ASME CODE CLASS 1 RECIRCULATION PIPING AND PIPE MOUNTED EQUIPMENT – 

HIGHEST STRESS SUMMARY – UNIT 2 
 
 

ACCEPTANCE 
CRITERIA 

 
 

LIMITING 
STRESS TYPE 

 
 

CALCULATED 
STRESS OR 

USAGE FACTOR

 
 

ALLOWABLE 
LIMITS 

 
 

RATIO 
ACTUAL/ 

ALLOWABLE 

 
 

LOADING 

IDENTIFICATION 
OF LOCATIONS OF 
HIGHEST STRESS 
POINTS – NODG 
POINT NUMBERS 

ASME B&PV Code Section 
III, NB-3600 
Design Condition: 
Eq.9 ≤ 1.5 Sm 

 
Primary 

 
24,712 psi 

 
25,013 psi 

 
0.988 

1. Pressure 
2. Weight 
3. OBE 
4. SRV 

 
Loop ‘B’ 

Elbow 765 

Service Levels  
A & B 
(Normal & Upset) 
Condition: 
Eq.12 ≤ 3.0 Sm 

 
Secondary 

 
35,891 psi 

 
50,025 psi 

 
0.717 

 
1. Thermal 

 
Loop ‘B’ 

Weldolet 305 

Service Levels  
A & B 
(Normal & Upset) 
Condition: 
Eq.13 ≤ 3.0 Sm 

Primary Plus 
Secondary 

(Except 
Thermal 

Expansion) 

 
49,585 psi 

 
50,025 psi 

 
0.991 

1.   Pressure 
2. Weight 
3. OBE 
4. SRV 

 
Loop ‘B’ 

Half Coupling 300 

Service Levels  
A & B 
(Normal & Upset) 
Conditions: 
Cumulative Usage 
Factor 

 
N/A 

 
0.7938** 

 
1.0 

 
0.7938 

  
Loop ‘B’ 

Half Coupling 380 

Service Level B 
(Upset) 
Condition: 
Lower{Eq. 9 ≤ 1.8 
Sm 

  Of   {EQ 9 ≤ 1.5 Sy 

 
Primary 

 
26,160 psi 

 
27,750 psi 

 
0.943 

1. Pressure 
2. Weight 
3. OBE 
4. SRV 

 
Loop ‘A’ 

Elbow 575 

Service Level C 
(Emergency) 
Condition: 
Lower{Eq. 9 < 2.25 
Sm 

  Of    {Eq. 9 < 1.8 Sy 

 
Primary 

 
26,650 psi 

 
33,300 psi 

 
0.800 

1. Pressure 
2. Weight 
3. SRV 
4. SBA 
5. OBE 

 
Loop ‘B’ 

Weldolet 275 

Service Level D 
(Faulted) 
Condition: 
 
Eq. 9 < 3.0 Sm 

 
Primary 

 
41,120 psi 

 
50,025 psi 

 
0.822 

1. Pressure 
2. Weight 
3. LOCA  
4. SSE 
5. SRV  
6. IBA 

 
Loop ‘A’ 
4 inch 

Weldolet 
315 
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Table 3.9-2e.1 
ASME CODE CLASS 1 RECIRCULATION AND PIPE MOUNTED EQUIPMENT – UNIT 2 

 
COMPONENT/ 

LOAD TYPE 

 
HIGHEST 

CALCULATED 
LOAD 

 
ALLOWABLE 

LOAD 

 
RATIO 

CALCULATED/ 
ALLOWABLE 

 
LOADING 

IDENTIFICATION 
OF EQUIPMENT 
WITH HIGHEST 

LOADS 
 
Strut/ 
Service Level 
‘B’ Loads 

 
57,612 

 
62,800 

 
0.92 

1. Pressure 
2. Weight 
3. OBE 
4. Operating 

transient 

 
Loop ‘A’ 
PO1; H50 

 
Strut/ 
Service Level 
‘C’ Loads 

 
79,132 

 
86,250 

 
0.92 

1. Pressure 
2. Weight 
3. SBA 
4. Operating 

transient 

 
Loop ‘A’ 
PO1; H50 

 
Strut/ 
Service Level 
‘D’ Loads 

 
96,643 

 
105,340 

 
0.92 

1. Pressure 
2. Weight 
3. LOCA 
4. Operating 

transient 

 
Loop ‘A’ 
PO1; H50 

 
Discharge Gate 
Valve/Horizontal 
Acceleration 

 
7.678 

 
9.8 

 
0.783 

1. Pressure 
2. Weight 
3. LOCA 
4. Operating 

transient 

 
Loop A’ 
Operator 

 
Discharge Gate 
Valve/ 
Vertical 
Acceleration 

 
2.118 

 
2.188 

 
0.968 

1. Pressure 
2. Weight 
3. LOCA 
4. Operating 

transient 

 
Loop ‘B’ 
Operator 

 
By-Pass Valve/ 
Horizontal 
Acceleration 
(East-West) 

 
5.438 

 
5.468 

 
0.995 

1. Pressure 
2. Weight 
3. LOCA 
4. Operating 

transient 

 
Loop ‘B’ 
Operator 

 
By-Pass Valve/ 
Horizontal 
(North-South) 

 
2.539 

 
2.539 

 
1.000 

1. Pressure 
2. Weight 
3. LOCA 
4. Operating 

transient 

 
Loop A’ 

 
Vertical 
Acceleration 

 
2.376 

 
2.376 

 
1.000 

5. Pressure 
6. Weight 
7. LOCA 
8. Operating 

transient 

 
Loop ‘A’ 
Body 

Suction Valve/ 
Horizontal & 
Vertical 
Acceleration* 

 
7.714 

 
9.87 

 
0.782 

1. Pressure 
2. Weight 
3. LOCA 
4. Operating 

transient 

 
Loop ‘A’ 
Operator 

Recirc. 
Pump/Horizontal 
Acceleration 

 
2.386 

 
2.7 

 
0.884 

1. Pressure 
2. Weight 
3. LOCA 
4. SSE 

 
Loop ‘A’ 
Pump Motor C.G. 

Vertical 
Acceleration 

 
1.388 

 
2.1 

 
0.661 

1. Pressure 
2. Weight 
3. LOCA 
4. SSE 
5. SRN 

 
Loop ‘B’ 
Pump Motor C.G. 

* Allowable acceleration applies to operator only; valve body is qualified based upon allowable moment and allowable axial force. 

** This CUF accounts for the original 40-year plant design.  During the period of extended operation, actual fatigue design margins are 
periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program. 
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TABLE 3.9-2v 
 
 

CONTROL ROD DRIVE HOUSING 
 
 

Criteria Loading Primary Stress Type 
Allowable 

Stress 
(psi) 

Calculated 
Stress 
(psi) 

 
Primary Stress Limit – The 
allowable primary membrane 
stress is based on the ASME 
Boiler and Pressure Vessel 
Code, Section III, for Class I 
Vessels, for Type 304 
Stainless Steel. 
 

 
Normal and Upset Condition 
Loads: 
 

1. Design Pressure 
 

2. Stuck Rod Scram Loads 
 

3. Operational Basis 
Earthquake, with Housing 
Lateral Support Installed. 

 

 
Maximum membrane 
stress intensity 
occurs at the tube to 
tube weld near the 
center of the housing 
for the normal, upset 
and emergency 
conditions. 
 

 
16,600 

 
15,710 

 
For Normal and Upset 
Condition: 
 

Sm = 16,660 psi @ 575°F 
 

    

 
For Faulted Conditions: * 
 

Slimit  = 2.4 Sm 
 = 2.4 x 16,600 
 = 39,984 psi 
 
Note:  Analyzed to 
Emergency Condition Limits. 
 

 
Faulted Condition Loads: 
 

1. Design Pressure 
 

2. Stuck Rod Scram Loads 
 

3. Design Basis Earthquake, 
with Housing Lateral 
Support Installed 

 

4. Jet Reaction 
 

5. Annulus Pressurization. 
 

  
39,800 

 
16,700 

 
 
 * Analyzed to Normal upset Condition Limits. 
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Table 3.9-2w 
 

JET PUMPS 
 

 
CRITERIA 

 

 
LOADING 

CONDITIONS 
 

 
STRESS TYPE 

 
ALLOWABLE 
STRESS (psi) 

 
CALCULATED 
STRESS (psi) 

Primary Membrane Plus Bending Stress 
Based on ASME B&PV Code Section III 

MATERIAL:  TYPE 304SS 
 
A. For Service Levels A & B – NORMAL & UPSET CONDITION: 
 

Sm = 16,900 psi @ 
550oF 
Pm + Pb 
Slimit = 1.5 Sm 

1. Deadweight 
2. Pressure 
3. SRV 
4. OBE 

PRIMARY MEMBRANE 
PLUS BENDING 

25,350 12,700 

 
B. For Service Level C – EMERGENCY CONDITION: 
 

Pm + Pb 
Slimit = 2.25 Sm 

1. Deadweight 
2. Pressure 
3. SRV 
4. SBA 

PRIMARY MEMBRANE 
PLUS BENDING 

38,025 16,010 

 
C. For Service Level D – FAULTED CONDITION: 
 
 
Pm + Pb 
Slimit = 3.0 Sm 

1. Deadweight 
2. Pressure 
3. Chugging 
4. SRV 
5. SSE 

PRIMARY MEMBRANE 
PLUS BENDING 

60,840(1) 
50,800(2) 

38,416 

D.  MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR ACCEPTANCE CRITERIA: <1.0: 
 

UNIT 1 PROJECTED CUMULATIVE USAGE FACTOR: = 0.94 
UNIT 2 PROJECTED CUMULATIVE USAGE FACTOR: = 0.67 

These CUFs account for the original 40-year plant design.  These components are presently 
inspected on a regular basis.  These inspections continue during the period of extended operation 
to ensure components continue to perform their intended functions. 

 
 
(1) Unit 1 
(2) Unit 2 
 

 















































Table 3.9-5 
LIST OF COMPUTER PROGRAMS USED IN BOP MECHANICAL 

SYSTEMS AND COMPONENTS 

 
 
 
 
 
 
 
Security-Related Information 
Table Withheld Under 10 CFR 2.390 
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Table 3.9-16 
HISTORICAL INFORMATION 

LISTING OF DYNAMICALLY QUALIFIED EQUIPMENT 
 
 
 
 
 
 
 
Security-Related Information 
Table Withheld Under 10 CFR 2.390 



Table 3.9-17 
HISTORICAL INFORMATION 

DIESEL GENERATOR ‘A-D’ SEISMIC TEST OR ANALYSIS SUBMITTAL CHART 
 
 
 
 
 
 
 
Security-Related Information 
Table Withheld Under 10 CFR 2.390 
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

SYSTEM TITLE - REACTOR 

B11-D193 Power Range Detector GE 43 In Vessel       

SYSTEM TITLE – NUCLEAR BOILER 

B21-N002 Pressure Switch  1 Area II       

B21-N004 Temp Element PYCO 16 Area II.7    Note 2   

B21-N006 Diff Press Switch BARTON 18 Area II N007 N008 N009, 5 10 10 

     N021 A,B,C,D     

B21-N010 Temp Element CALIF. ALLOY 13 Area II N014, N016, N017 5 5 5 

B21-N015 Press Switch BARKSDALE 4 Area III.3    5 10 10 

B21-N020 Press Switch BARKSDALE 34 Area II.1   N023, 5 15 15 

     N039 N044, N022    

B21-N024 Level Ind Switch BARTON 10 Area II.1 N031, N042  15 15 15 

B21-N025 Level Ind Switch YARWAY 4 Area II.1    1.5 1.5 1.5 

B21-N026 Level Ind Trans Switch BARTON 6 Area II.1 N037   5 5 5 

B21-N027 Level Trans ROSEMOUNT 25 Area II.1 N033, N034  Note 2   

B21-N043 Press Trans ROSEMOUNT 1 Area II.1    3 3 3 

B21-N055 Press Trans ROSEMOUNT 2 Area II.1    3 3 3 

B21-N056 
A&C 

Vacuum Switch (Unit 1) STATIC-O-RING 2 Area III.5       

B21-N056 
B&D 

Vacuum Switch (Unit 1) BARKSDALE 2 Area III.5       

B21-N056B Vacuum Switch (Unit 2) STATIC-O-RING 1 Area III.5       

B21-N056 
A,C, & D 

Vacuum Switch (Unit 2) BARKSDALE 3 Area III.5       
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

B21-N064 Temp Element CALIF. ALLOY 1 Area II    2 2 2 

B21-N600 Temp Switch RILEY 8 Area V N603   Note 2   

B21-R004 Press Indicator ROBERTSHAW 2 Area II.1    4 4 4 

B21-R005 Diff Press Ind BARTON 1 Area II.1    Note 2   

B31-N014 Flow Trans ROSEMOUNT 8 Area II.1 N024   2 2 2 

B31-N015 Diff Press Trans ROSEMOUNT 1 Area II.1    Note 2   

B31-N016 Diff Press Switch BARTON 13 Area II.1 N018A, N019 thru  5 10 10 

     N022      

B31-N018B Press Switch STATIC-O-RING 1 Area II.1    15 15 15 

B31-N023 Temp Element ROSEMOUNT 2 Area 1.4    Note 2   

B31-N035 Temp Element  2     Note 2   

SYSTEM TITLE – CRD HYDRAULIC CONTROL 

C12-N013 Level Switch MAGNETROL 5 Area II.1    4.1 5 9.5 

SYSTEM TITLE – FEEDWATER CONTROL 

C32-N003 Transmitter (Diff Press) ROSEMOUNT 6 Area II.1 N004   Note 2   

C32-N005 Transmitter (Pressure) ROSEMOUNT 2 Area II.1 N008   Note 2   

C32-N017 Diff Press Trans STATHOM 2 Area II.1    Note 2   

SYSTEM TITLE – STAND BY LIQUID 

C41-N003 Temp Switch CALIF. ALLOY 1 Area II.8    Note 2   

C41-N004 Press Trans ROSEMOUNT 1 Area II.8    Note 2   

C41-N006 Temp Element  1 Area II.8    Note 2   

C41-R003 Press Indicator ROBERTSHAW 1 Area II.8    Note 2   

SYSTEM TITLE – NEUTRON MONITORING 
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

C51-J004 Valve, Guide Tube GE 5 Area II.10       

C51-J008 Guidetubes GE 1 Area II.10    Note 2   

C51-K002 Volt Preamplifier GE 8 Area V    4 5 5 

C51-K601 Intermediate Range Mon GE 8 Area V    6 6 6 

C51-K605 Pwr Rnge Instr GE 1 Area V       

C51-N002 Detector GE 8 Area I.3       

SYSTEM TITLE – REACTOR PROTECTION 

C72-N002 Prim Cont Press Switch STATIC-O-RING 4 Area II.1    15 15 15 

C72-N003 Turbine 1st Stage Pr SW BARKSDALE 4 Area III.3    15 15 15 

C72-N005 Turbine EMC Press SW BARKSDALE 4 Area III.3       

C72-N006 Turb Stop Vlv POS SW ACME 
CLEVELAND 

4 Area III.3       

C72-N008 Turbine Bypass Vlv POS 
SW 

ACME 
CLEVELAND 

4 Area III.3       

C72-
S003(A-H) 

Elec. Prot. Assy. GE 8 Not Required    Later   

SYSTEM TITLE – PROCESS RADIATION MONITORING 

D12-K603 Rad Mon & Ind (Mn St 
Ln) 

GE 4 Area V       

D12-K609 Ind & Trip Unit GE 12 Area V K615, K616 K617 3 3 3 

     K618      

D12-N006 Detector (Mn St Ln) GE 4 Area II.7       

D12-N015 Detector GE 8 Area II.9 N016 N017, N018 15 15 15 

SYSTEM TITLE – RESIDUAL HEAT REMOVAL 
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

E11-N001 Cond Element BALSBAUGH 2 Area II.5    Note 2   

E11-N007 Diff Press Trans ROSEMOUNT 5 Area II.5 N013, N015  Note 2   

E11-N008 Diff Press Trans BARTON 2 Area II.5    Note 2   

E11-N009 Temp Element CALIF ALLOY 12 Area II.5 N029, N030  2 2 2 

E11-N010 Press Switch STATIC-O-RING 8 Area II.5 N011   15 15 15 

E11-N016 Press Switch STATIC-O-RING 9 Area II.5 N018, N020  15 15 15 

E11-N019 Diff Press Switch BARTON 2 Area II.5    5 10 10 

E11-N021 Diff Press Ind Switch BARTON 2 Area II.5    15 15 15 

E11-N022 Press Switch BARKSDALE 2 Area II.5    Note 3   

E11-N023 Level Switch MAGNETROL 3 Area II.5  N024  Note 3   

E11-N026 Press Trans ROSEMOUNT 3 Area II.5  N028  Note 3   

E11-N033 Flow Switch FISHER & 
PORTER 

2 Area II.5    Note 3   

E11-N600 Temp Switch  8 Area V N601   4.5 4.5 4 

E11-R002 Press Indicator ROBERTSHAW 
OR CONTROL 
SPECIALTIES 

8 Area II.5 R003   Note 3   

SYSTEM TITLE – CORE SPRAY 

E21-N001 Press Trans ROSEMOUNT 2 Area II.5    Note 2   

E21-N003 Diff Press ROSEMOUNT 2 Area II.5    Note 2   

E21-N004 Diff Press BARTON 2 Area II.5    5 10 10 

E21-N006 Flow Switch  2 Area II.5       

E21-N007 Press Switch  2 Area II.5    Note 2   

E21-N008 Press Switch  4 Area II.5       
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

E21-R001 Pressure Indicator ROBERTSHAW 
OR CONTROL 
SPECIALTIES 

2 Area II.5    Note 2   

SYSTEM TITLE – MSIV LEAKAGE CONTROL 

E32-K601 Power Supply GE 2 Area V    2.5 2.5 2.5 

E32-N006 Flow Element S & K 
INSTRUMENTS 

4 Area II       

E32-N050 Press Trans ROSEMOUNT 8 Area II N055, N058, N060 3 3 3 

     N061      

E32-N051 Press Trans ROSEMOUNT 5 Area II N056   3 3 3 

E32-N053 Flow Trans S & K 
INSTRUMENTS 

4 Area II       

E32-N054 Diff Press Trans ROSEMOUNT 2 Area II N059   3 3 3 

E32-N600 Timer EAGLE SIGNAL 13 Area V N601, N602, N604 2.5 2.5 2.5 

E32-N650 Alarm BAILEY METER 19 Area V N651, N653, N654, 9 9.5 13 

     N655, N656, N658,    

     N659, N660, N661    

E32-R601 MV/I BAILEY METER 4 Area V    Note 2   

E32-R651 Meter GE 18 Area V R653  
thru 

R656,  Note 2   

     R658 
thru 

R661     

SYSTEM TITLE – HIGH PRESSURE COOLANT INJECTION 

E41-K600 Power Supply GE 1 Area V    2.5 2.5 2.5 

E41-K601 SO Root Converter BAILEY METER 1 Area V    9 9 13 
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

E41-K603 Inverter TOPAZ 1 Area V    5 10 8.5 

E41-N001 Press Switch BARKSDALE 6 Area II N027 N031  29 29 29 

E41-N002 Level Switch MAGNETROL 5 Area II.4 N003, N015, N018 1.2 6 9.5 

E41-N604 Diff Press Switch BARTON 2 Area II N005   5 10 10 

E41-N005 Diff Press Switch BARTON 1 Area II    Note 3   

E41-N008 Diff Press Trans ROSEMOUNT 1 Area II    3 3 3 

E41-N009 Press Trans  ROSEMOUNT 4 Area II N013, N016, N019 Note 2   

E41-N010 Press Switch STATIC-O-RING 7 Area II N012, N017  15 15 15 

E41-N014 Level Switch MAGNETROL 1 Area II    Note 2   

E41-N024 Temp Element CALIF. ALLOY 16 Area II N025,  N028, N029, 2 2 2 

     N030      

E41-N600 Temp Switch GE 6 Area V N601, N602     

E41-R601 Press Indicator ROBERTSHAW 4 Area II R003, R004, R005 Note 2   

E41-R002 Temp Indicator MOELLER 1 Area II    Note 2   

E41-R600 Controller BAILEY METER 1 Area V    9 9 8 

SYSTEM TITLE – REACTOR CORE ISOLATION COOLING 

E51-K603 Inverter(DC to AC) TOPAZ 1 Area V    5 10 8.5 

E51-N602 Timer  4 Area V N603      

E51-N003 Diff Press Switch BARTON 1 Area II.4    15 15 15 

E51-N003 Diff Press Transmitter ROSEMOUNT 1 Area II.4    3 3 3 

E51-N004 Press Transmitter ROSEMOUNT 4 Area II.4 N005, N007, N008 Note 2   

E51-N006 Press Switch STATIC-O-RING 5 Area II.4 N019   15 15 15 

E51-N009 Press Switch BARKSDALE 8 Area II.4 N012, N020, N030 29 29 29 
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

E51-N010 Level Switch MAGNETROL 1 Area II.4    Note 2   

E51-N011 Temp Element  20 Area II N021, N022, N023    

     N025, N026, N027    

E51-N017 Diff Press Switch BARTON 2 Area II N018   5 10 10 

E51-N600 Temp Switch GE 14 Area V N601 thru N604    8 

E51-R001 Press Indicator ROBERTSHAW 4 Area II.4    Note 2   

E51-R005 Temp Indicator MOELLER 1 Area II.4    5 5 5 

E51-R600 Flow Indicator Cont BAILEY METER 1 Area V    9 9 8 

SYSTEM TITLE – REACTOR WATER CLEANUP 

G33-K600 Power Supply GE 1 Area V    2.5 2.3 2.5 

G33-K602 SQ Root Conv GE 3 Area V K603, K605     

G33-K604 Summer BAILEY METER 1 Area V    4 9 13 

G33-N011 Flow Element VICKERY SIMS 2 Area II.2.b N035, N040  Note 2   

G33-N012 Diff Press Trans ROSEMOUNT 3 Area II N036, N041  3 3 3 

G33-N016 Temp Element CALIF. ALLOY 18 Area II N022, N023  2 2 2 

G33-N044 Diff Press Switch BARTON 2 Area II    15 15 15 

G33-N600 Temp Switch GE 12 Area V N602      

G33-N603 Alarm BAILEY METER 12 Area V    9 9.5 13 

NOTES: 
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TABLE - 3.10a-1 

 
ESSENTIAL ELECTRICAL COMPONENTS AND INSTRUMENTS 

-------------------- DESCRIPTION -------------------- -------------------- SEISMIC AND ENVIRONMENTAL QUALIFICATIONS -------------------- 

SEISMIC QUALIFICATION(4) 
ITEM NO. NAME VENDOR QUANTITY ENVIRONMENT(1) 

OTHERS OF SAME TYPE IN SAME 
ENVIRONMENT 

X Y Z 

1. Refer to Tables 3.11-1, 3.11-2 and 3.11-3. 

2. Classified as Pressure Integrity Instrument; Seismic qualification not required. 

3. Hydrostatic test only required for qualification. 

4. This table is based on the original seismic qualification effort performed by GE.  Replacement equipment may be seismically qualified to a version of the IEEE Standard 344 that is more recent than the 
1971 version.  Non-GE supplied replacement equipment is qualified to the revisions of FSAR Section 3.10b. 
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3 . 1 0 ~  SEISMIC QUALIFICATION OF NON-NSSS SEISMIC CATEGORY I 
ELECTRICAL EQUIPMENT 

3.10c.1 SEISMIC QUALIFICATION CRITERIA 

Seismic qualification of Seismic Category I electrical equipment and supports was demonstrated 
by the suppliers test laboratories, or consultants by analysis and/or by tests. 

Seismic qualification of electrical equipment and supports was performed by analysis when the 
equipment could be modeled and the structural and functional integrity was adequately 
represented. 

The analysis were performed by an equivalent static analysis or by a dynamic analysis. See 
Subsection 3.713.3.5 for details of equivalent static load method of analysis. 

The dynamic analysis was performed by the response spectrum method. See Subsection 
3.7.3.1 for details of dynamic analysis. When analysis was not sufficient to determine seismic 
integrity, then tests or a combination of tests and analysis was performed to qualify the electrical 
equipment and supports. 

3.1 Oc. 1.1 Equipment Location 

Electrical equipment and supports are located within the several buildings on the Susquehanna 
Steam Electric Stations Units 1 and 2. 

3.10c.1.2 Response Spectrum Curves for the Electrical Equipment and Supports 

Response spectrum curves are based upon the seismic analysis of the supporting structure and 
represent the maximum seismic response, as a function of oscillator frequency, of an array of 
single degree of freedom damped oscillators at a particular location within the structure (See 
Section 3.7). 

3.10c.1.3 Seismic Cateqory I Electrical Equipment Loads 

Seismic Category I electrical equipment will withstand simultaneously the horizontal and vertical 
accelerations caused by the OBE and the design SSE as defined herein, in conjunction with 
applicable electrical, mechanical, and thermal loads. The functions of electrical equipment or 
components, which are necessary for the functional requirements of the equipment, shall not be 
impaired when the equipment is subjected to the OBE or the SSE in conjunction with applicable 
electrical, mechanical, and thermal loads. 

3.10c.1.4 Safe Shutdown Earthquake (SSE) Conditions 

SSE is defined as an earthquake that produces the maximum vibratory ground motion for which 
certain structures, systems, and components are designed to remain functional. These 
structures, systems, and components are necessary to ensure the following: 

FSAR Rev. 61 3.1 OC- 1 
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TABLE 3.10c-10 

PANELS AND TERMINATION CABINETS 
 

 EQUIPMENT IDENTIFICATION LOCATION      
 
 

ITEM NO. 

 
 

DESCRIPTION 

 
EQUIPMENT 

NO. 

 
 

BLDG 

 
 

ELEV. 

 
UNIT 
NO. 

 
 

SUPPLIER 

 
TESTING 

FACILITIES 

 
QUALIFICATION 

CRITERIA 

 
QUALIFICATION 
“E1” SIGNED BY: 

 Transfer Panels 0C512E-A D. Gen. 
‘E’ 

1 

  0C512E-B  2 
  0C512E-C  1 
  0C512E-D  2 
 0TC512-A/C  1 
 

Termination 
Cabinets 0TC512-B/D  

656’-6” 

2 
 Transfer Panels OC512-A D. Gen. 

‘A-D’ 
710’-9” 1 

  0C512-B   2 
  0C512-C   1 
  0C512-D   2 

York 
Electro-
Panel 
 
 
 
 
 
 
 
 
 

(By Analysis) 
 
 
 
 
 
 
 
 
 
 
 

Project Spec 
C-1041* & IEEE 
344-1975 
 
 
 
 
 
 
 
 
 

N&S Reports 
1290-1 and  
1290-2 
 
By: 
M. Randall 
 
 
 
 
 
 

 Synchronizing Panel 0C619 D. Gen. 
‘E’ 

675’-6” Comm Golden 
Gate 
Switchboar
d Co. 

Wyle Labs 
Norco Calif. 

Project Spec.  
C-1041# 
IEEE 344-1975 

Wyle Labs 
Report No. 53444 
By:  C. C. Lee 

 
 
*  NOTE:  Spec C-1041 is complemented by Spec. E-1026. 
#  NOTE:  Spec C-1041 is complemented by Spec. E-1022. 
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TABLE 3.10c-11 

BATTERY CHARGERS 
 

EQUIPMENT IDENTIFICATION       
 
 

ITEM NO. 

 
 

DESCRIPTION 

 
EQUIPMENT NO. 

 
 

BLDG 

 
 

ELEV. 

 
UNIT 
NO. 

 
 

SUPPLIER 

 
TESTING 

FACILITIES 

 
QUALIFICATION 

CRITERIA 

 
QUALIFICATION 
“E1” SIGNED BY: 

1D-613 Control 771 1 
1D-623   1 
1D-633   1 
1D-643   1 
2D-613   2 
2D-623   2 
2D-633   2 
2D-643   2 

8856-E-119-AC Battery Chargers  
125V 100A 

2D-673   Comm 

Power 
Conversion 
Products, Inc. 

Wyle 
Laboratories, 
Huntsville, 
Alabama 

Project Spec 
G-10* & IEEE-344-1975 

Test Report #45463-1 
Rev. A 
Vincent F. Kearns 

 1D-653A   1     
 1D-653B   1     
 1D-663   1     
 2D-653A   1     
 2D-653B   2     
 2D-663   2     
 2D-683   2     
 2D-684   2     
 

Battery Chargers 
250V 300A 

0D-685   Comm     
 Battery Chargers 24V 25A 1D-673 

1D-674 
1D-683 
1D-684 
2D-673 
2D-674 
2D-683 
2D-684 
0D-685 

  1 
1 
1 
1 
2 
2 
2 
2 
Comm 

    

Spec E-1025 Battery Charger 125V 
200A 

0D596 D. Gen. ‘E’ 656 Comm C&D Power 
Systems 

Wyle 
Laboratories 
Huntsville, 
Alabama 

Spec. C-1041 & IEEE 
344-1975 

C&D Test Report QR2-
52666-1 
QR2-52666-1 
By:  Paul Wagner 

*NOTE:  Specification G-10 is complemented by Specification G-22. 
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TABLE 3.10c-17 
 

NON-NSSS AND NON-ACR RELAYS REQUIRED TO BE ENERGIZED  
(Units 1 & 2 Devices Are Identical) 

Operating (Volt) 
Device 

No. 
Relay 

Function Location 
Manufacturer 

Type Normal Minimum 
Seismically 

Type Tested Remarks 
27 Supervise 480 V Auto Transfer 

Switches  
0ATS219, 0ATS229 
0ATS516, 0ATS526 
0ATS536, 0ATS546 

Russel-Electric  
UV-100/42  
480/500 

480 ac 432 ac  432 Vac  

27A Initiates 4 kV Bus Auto 
Transfer 

1A201, 1A202 
1A203, 1A204 

ABB/West. – SVF31 119 107 24 Vac  

27AI Permissive to Close 4 kV 
Incom Breakers 

1A201, 1A202 
1A203, 1A204 

ITE-270 119 107 110 Vac  

43 Transfer Relay for 480 V Auto 
Transfer Switches 0ATS536, 
0ATS546 

1ATS219, 1ATS229 
0ATS516, 0ATS526 

Ward-Leon ARD 
Bul-130 

480 ac 432 ac 432 Vac  

44 Initiation of 4 kV ESF Loads 1A201, 1A202  
1A203, 1A204 

ABB/West – SSV-T 120 ac 90 ac 90 ac  

59N Trip ±24 vdc Battery Charger 
on Overvoltage 

1D672, 1D682 GE – NSV 24 dc 28 dc 30 dc  

51V 480 V Swing Bus M-G Set 
Protection 

1C246, 1C247 ABB/West – Cov-9 120 ac  108 ac 80 ac  

62 Time Delay Relay Various inplant 
Locations 

Agastat 7000 Series 125 dc 105 dc 120 dc  

62 Time Delay Relay Various inplant 
Locations 

Agastat 7000 Series 120 ac  108 ac 120 ac  

62 Time Delay Relay (480 V Auto 
Transfer Switches 

1AT219, 1AT229 
0ATS516, 0ATS526 
0ATS536, 0ATS546 

Ind. Timer CSF-30M 120 ac  108 ac  120 Vac  

X Auxiliary Control Relays 1ATS219, 1ATS229 
0ATS516, 0ATS526 
0ATS536, 0ATS536 

Ward – Leon ARD 
130-6429 

125 dc 105 dc  125 Vdc  

X Auxiliary Control Relays 1C246, 1C247 GE-HFA 125 dc 105 dc 125 Vdc  
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TABLE 3.10c-17 
 

NON-NSSS AND NON-ACR RELAYS REQUIRED TO BE ENERGIZED  
(Units 1 & 2 Devices Are Identical) 

Operating (Volt) 
Device 

No. 
Relay 

Function Location 
Manufacturer 

Type Normal Minimum 
Seismically 

Type Tested Remarks 
X Auxiliary Control Relays 1C661A, 1C661B 

0C877A, 0C877B 
0C876A, 0C876B 

GE-HFA 120 ac 108 ac 125 Vdc  

X Auxiliary Control Relays 1C661A, 1C661B GE-HMA 120 ac 108 ac 96 ac  
X Auxiliary Control Relays 1C661A, 1C661B GE-HMA 125 dc 105 dc 125 Vdc  
X Auxiliary Control Relays 1C661A, 1C661B 

0C578, 0C681 
1C681, 0C877A 
0C877B, 0C883A 
0C883B, 0C876A 
0C876B 

Agastat-GPI 120 ac 108 dc 96 Vac  

X Auxiliary Control Relays 0C519A, 0C519B 
0C519C, 0C519D 
0C519E, 0C521A 
0C521B, 0C521C 
0C521D, 0C521E 

Agastat-GPD 125 dc 105 dc 125 Vdc  

X Auxiliary Control Relays 
(prevent cycling of 4 kV Bkr) 

1A201, 1A202 
1A203, 1A204 

ABB/West – AR 125 dc 105 dc 125 Vdc  

X Auxiliary Control Relays 1A201, 1A202 
1A203, 1A204 

ABB/West – MG6 125 dc 105 dc 125 Vdc  

X Isolation Relays 1A201, 1A202 
1A203, 1A204 

P.B. MDR – 5062/ 
5151 

125 dc 105 dc 105 dc (1) 

X Isolation Relays  1C661A, 1C661B 
0C877A, 0C877B 
0C876A, 0C876B 
0C529A, 0C529B 

P.B. MDR – 4094/ 
4094-1/4165 

120 ac 92 ac 90 ac  (1) 

 
Remarks 
 
(1)  Test made by Arkansas Unit 1. 
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3.11  ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL EQUIPMENT 
 
Environmental design criteria for the facilities conform to 10CFR50, Appendix A, General 
Design Criteria 1, 4, and 23.  Compatibility of mechanical and electrical equipment with 
environmental conditions is provided to fulfill the following design criteria: 
 

a) For normal operation, systems and components required to mitigate the 
consequences of a design basis accident (DBA) or required for a safe shutdown, 
are designed to remain functional after exposure to the following environmental 
conditions: 

 
1) Design temperatures, pressures, and relative humidity values 

maintained at the equipment location during normal operating by the 
heating, ventilating, and cooling systems described in Section 9.4. 

 
2) Maximum expected integrated radiation exposures, for 40 years at the 

equipment location during normal operation.  For service beyond 40 
years, the SSES EQ Program is used to manage the aging of equipment 
to ensure the components continue to perform their intended function. 

 
The environmental conditions expected during normal operation are given in 
Table 3.11-1  and Dwgs. C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3, 
C-1815, Sh. 4, C-1815, Sh. 5, C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, 
C-1815, Sh. 9, C-1815, Sh. 10, C-1815, Sh. 11, and C-1815, Sh. 12. 
The environmental conditions identified in Table 3.11-1 are for the turbine building 
and for all elevations in the control building except elevation 806'. The environmental 
conditions in Dwgs. C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3, 
C-1815, Sh. 4, C-1815, Sh. 5, C-1815, Sh. 6, C-1815, Sh. 7, 
C-1815, Sh. 8, C-1815, Sh. 10, C-1815, Sh. 11, and 
C-1815, Sh. 12 are for primary containment, the reactor building and elevation 
806' of the control structure. 

 
b) In addition to the normal operation environmental requirements listed in 

a) above, the systems and components required to mitigate the consequences 
of a DBA, or to effect a safe shutdown of the reactor are designed to remain 
functional after exposure to the applicable accident environmental conditions.  
The applicable environmental conditions are those anticipated to follow the DBA 
that the systems or components are intended to mitigate and are listed below: 

 
1) Components Inside Containment 

 
The temperature, pressure, and humidity inside containment after 
a design basis Loss of Coolant Accident (LOCA) conditions are 
indicated in Dwgs. C-1815, Sh. 1, C-1815, Sh. 2,  
C-1815, Sh. 3, C-1815, Sh. 4, C-1815, Sh. 5,  
C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8,  
C-1815, Sh. 9, C-1815, Sh. 10, C-1815, Sh. 11, and 
C-1815, Sh. 12.  
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Containment zones are shown on Dwgs. C-1815, Sh. 1, 
C-1815, Sh. 2, C-1815, Sh. 3, C-1815, Sh. 4, 
C-1815, Sh. 5, C-1815, Sh. 6, C-1815, Sh. 7,  
C-1815, Sh. 8, C-1815, Sh. 9, C-1815, Sh. 10,  
C-1815, Sh. 11, and C-1815, Sh. 12. 

 
The post-LOCA radiation environment is calculated assuming that 100 
percent of the core noble gas inventory, 50 percent of the core halogen 
inventory, and 1 percent of the core solid fission product inventory are 
released.  The calculational method is in accordance with NUREG 0588, 
Rev. 1, Section 1.4 and appendix D.  The total calculated post-accident 
dose is the integrated dose from the time of the LOCA to 180 days. 

 
2) Components Outside Containment 

 
The expected temperature, pressure and humidity conditions are 
specified in Table 3.11-1 and Dwgs. C-1815, Sh. 1, 
C-1815, Sh. 2, C-1815, Sh. 3, C-1815, Sh. 4, C-1815, Sh. 5, 
C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, C-1815, Sh. 9, 
C-1815, Sh. 10, C-1815, Sh. 11, and C-1815, Sh. 12. 

 
In computing the expected integrated accident doses for equipment in 
contact with or in proximity to Emergency Core Cooling System (ECCS) - 
water, it is assumed that 50 percent of the core halogen inventory and 1 
percent of the core solid fission product inventory are diluted by the 
Reactor Coolant System water plus the suppression pool water after a 
design basis LOCA.  For equipment located remotely from ECCS water, 
the appropriate accidental release is assumed. 
 
 

3.11.1  EQUIPMENT IDENTIFICATION AND ENVIRONMENTAL CONDITIONS 
 
Class 1E safety-related equipment is installed in accordance with mechanical and electrical 
separation requirements and designed and qualified in accordance with the provisions of IEEE 
323-1971 and 1974, with appropriate margins, to function properly in the environments listed. 
 
An Environmental Qualification Master Equipment List (EQMEL) is maintained for the SSES 
equipment which requires environmental qualification through the current Procedure. 
 

1) required to detect a steam or water line accident condition; 
2) required to perform a steamline isolation function; 
3) required to perform a water line isolation function and could be subjected 

to the steam environment such as electrical cable or valve operator; 
4) required for safety system operation and is located so a steamline break 

in some other system exposes the safety system equipment to the local 
accident environment; and, 

5) required to track the post-accident environment condition such as pressure, 
temperature and radiation monitors. 

 
Electrical switchgear and motor control centers required for safety system operation are located 
outside of the drywell accident environment to ensure operation. 
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Harsh environments may arise in primary and secondary containments as a result of a Loss 
of Coolant Accident (LOCA) inside primary containment.  In addition, harsh environments may 
arise in localized areas outside primary containment as a result of a High Energy Line Break 
(HELB).  The environmental conditions (both normal and maximum) to which Class 1E 
equipment is exposed are given in Table 3.11-1 and Dwgs. 
C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3,  C-1815, Sh. 4, 
C-1815, Sh. 5, C-1815, Sh. 6, C-1815, Sh. 7,  C-1815, Sh. 8, 
C-1815, Sh. 9, C-1815, Sh. 10, C-1815, Sh. 11, and C-1815, Sh. 12. 
 
The nonseismic vibration of safety-related equipment conforms to requirements of the following 
standards: 
 
Equipment  Standard 
Diesel Fuel Oil Transfer Pumps  Hydraulics Institute Standards 
RHR Service Water Pumps  Hydraulics Institute Standards  
Emergency Service Water Pumps  Hydraulics Institute Standards 
Control Structure Chilled Water Pumps  Hydraulics Institute Standards 
All other Safety-Related Pumps  API 610, Section IV or better 
HVAC Fans  ASHRAE Systems Handbook 

1973 Edition, Chapter 35, Page 24 
Diesel Generator Engines  DEMA Standard Practices for low and medium 

speed stationary diesel and gas engines 
Electric Motors  NEMA MGI 
 
The absence of any significant nonseismic vibration caused by pipe vibration interaction with 
above equipment is verified in Subsection 3.9.2.1. 
 
A containment spray system may be utilized following the LOCA; therefore, exposed safety-
related systems located in the containment are designed to withstand the effects of the 
containment spray. 
 
 
3.11.2  QUAlIFICATION TEST AND ANAlYSIS 
 
The qualification tests conform to the requirements of Appendix B, Section XI of 10CFR50. 
 
For the Class 1E equipment, qualification tests and analysis performed on electrical equipment, 
including motors, are maintained in an auditable manner as discussed in Section 3.11.3.  Class 
1E equipment installed at SSES is subject at a minimum to the requirements of NUREG-0588, 
Category II as detailed in Section 3.11.2a.1.  Certain new or replacement Class 1E equipment 
installed at SSES is subject at a minimum to the requirements of IEEE Standard 323-1974 as 
detailed in Section 3.11.2a.2. 
 
 
3.11.2.1  CLASS 1E EQUIPMENT QUALIFIED TO IEEE STANDARD 323-1971 
 
The original Class 1E equipment at SSES have been qualified at a minimum to NUREG-0588, 
Category II and IEEE Standard 323-1971.  This is because SSES received its construction 
permit before July 1, 1974.  Nuclear power plants which received their construction permits after 
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July 1, 1974 are required to qualify the Class 1E equipment to NUREG-0588, Category I and 
IEEE Standard 323-1974.  New or replacement equipment purchased after May 23, 1980 is 
qualified to the requirements of 10CFR50.49 (NUREG-0588, Category I; IEEE Standard 323-
1974) except in cases where sound reasons to the contrary have been established per the 
guidelines of Regulatory Guide 1.89. 
 
 
3.11.2.2  CLASS 1E EQUIPMENT QUALIFIED TO IEEE STANDARD 323-1974 
 
A large number of pieces of Class 1E equipment at SSES are qualified to NUREG-0588, 
Category I and to IEEE Standard 323-1974.  Qualification to IEEE Standard 323-1974 requires 
type testing of a prototype to demonstrate that the equipment will perform its safety function in 
the combined temperature, pressure, humidity, chemical and radiation environment.  
 
Equipment qualified to IEEE 323-1974 is qualified to the test sequence and margins specified 
in IEEE 323-1974 unless justification for using another sequence or other margins is provided 
in the SSES EQ documentation. 
 
 
3.11.2.3  Class 1E Component Environment Design and Qualification for Normal  
               Operation           
 
Class 1E equipment is designed for 40 years of continuous operation in the most severe 
temperature, pressure, humidity, and radiation environments that exist at the equipment location 
during normal operation, assuming that proper routine preventive maintenance is performed, 
such as periodic replacement of seals, packing, and consumable materials.  For service beyond 
40 years, the SSES EQ Program is used to manage the aging of equipment to ensure the 
components continue to perform their intended function. 
 
Table 3.11-1 and Dwgs. C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3, 
C-1815, Sh. 4, C-1815, Sh. 5, C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, 
C-1815, Sh. 9, C-1815, Sh. 10, C-1815, Sh. 11, and C-1815, Sh. 12 
provide the maximum normal and maximum DBE values for the environmental parameters of 
temperature, pressure, and humidity for each area in which Class 1E safety-related equipment 
is located, as well as the exposures to radiation. 
 
For most equipment, special qualification tests to verify operability at normal operating 
temperature, pressure, and humidity conditions are not required.  Verification for this equipment 
is based on proven operating capability in similar environments in industrial and previous 
nuclear power plant applications.  The pre-operational and post-operational test programs for 
safety-related components further ensure that safety-related components will be available when 
required.  Since the normal and accident integrated radiation doses have cumulative effects, the 
integrated radiation dose during normal operation is discussed in Subsection 3.11.5.3. 
 



SSES-FSAR 
Text Rev. 58 

FSAR Rev. 65 3.11-5 

3.11.2.4  Class 1E Component Environmental Design and Qualification for Operation 
               After a Design Basis Accident             
 
Class 1E safety-related equipment is designed to remain functional in the most severe 
combination of temperature, pressure and humidity conditions that exist at the equipment 
location after a design basis LOCA.  This equipment is also designed for the maximum 
calculated integrated radiation exposure of the LOCA or of the accident, as discussed in 
Subsection 3.11.5.  The temperature, pressure, and humidity environment inside the primary 
containment after a LOCA is presented and discussed in detail in Subsection 6.2.1.  The 
integrated post accident radiation dose for plant locations in which the equipment is located is 
given in Table 3.11-1 and Dwgs. C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3, 
C-1815, Sh. 4, C-1815, Sh. 5, C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, 
C-1815, Sh. 9, C-1815, Sh. 10, C-1815, Sh. 11, and C-1815, Sh. 12. 
In addition, possible steam and feedwater line breaks outside the containment are analytically 
checked to ensure that no additional qualifications need be applied to components that could be 
affected by these breaks. 
 
The requirements of the general design criteria, 1, 4, and 23 of Appendix A to 10CFR50, are 
met as discussed in Section 3.1. 
 
The recommendations contained in the regulatory guides listed below (listings a) through g)) 
have been utilized as described in Section 3.13.  Additional discussion is included in listings 
f) through j). 
 

a) Regulatory Guide 1.30, Quality Assurance Requirements for the Installation, 
Inspection, and Testing of Instrumentation and Electrical Equipment. 

 
b) Regulatory Guide 1.40, Qualification Test of Continuous Duty Motors Installed 

Inside the Containment of Water Cooled Nuclear Power Plants. 
 

Continuous duty motors used inside the containment are type tested under 
simulated LOCA conditions.  IEEE Standard 334-1971 is used.  Insofar as 
practicable, auxiliary equipment that is part of the installed motor assembly 
is likewise qualified in accordance with IEEE Standard 334 under simulated 
design bases event conditions. 

 
c) Regulatory Guide 1.63, Electrical Penetrations Assemblies in Containment 

Structures for Water Cooled Nuclear Plants. 
 

Electrical containment penetrations are tested in accordance with IEEE 
Standard 317-1972.  Refer to Section 8.1 for discussion on this guide. 

 
d) Regulatory Guide 1.73, Qualification Test of Electric Valve Operator, 

Installed Inside the Containment of Nuclear Power Plants. 
 

Motor operated valves used inside the containment are type tested as a 
minimum in accordance with IEEE 382-1972 (ANSI N41.6). 

 
e) Regulatory Guide 1.89, Qualification of Class 1E Equipment for Nuclear 

Power Plants. 
 



SSES-FSAR 
Text Rev. 58 

FSAR Rev. 65 3.11-6 

The qualification methods and documentation requirements of IEEE 323-1971 
are discussed in Section 3.11. 

 
f) Regulatory Guide 1.97, Instrumentation for Light-Water-Cooled Nuclear Power 

Plants to Assess Plant Conditions During and Following an Accident, Rev. 2, 
December 1980. 

 
g) Regulatory Guide 1.131, Qualification Tests of Electric Cables, Filed Splices, and 

Connections for Light-Water-Cooled Nuclear Power Plants, August 1977. 
 

h) Type tests to ensure acceptability for use in the containment post accident 
environment are performed for each type of cable in accordance with IEEE 
Standard 383-1974. 

 
i) Pressure boundary components inside the containment are designed for the 

temperature, pressure, and humidity environment in accordance with the 
applicable codes to which the component is constructed.  Qualification testing 
is not considered necessary for such components. 

 
j) A total (normal plus accident) integrated dose of less than 104 rad will not affect 

the strength or properties of materials used; hence, further qualification analyses 
and tests for components which will be exposed to less than 104 rad are not 
necessary.  However, certain electronic equipment such as metal oxide semi-
conductive devices are sensitive to radiation levels of less than 104.  Therefore, 
radiation qualification is evaluated on a case by case basis even when the 
postulated accident dose is less than 104.  For higher integrated doses, 
components are qualified either by qualification testing or by evaluation of 
materials used.  Reliable accumulated data on radiation effects, such as 
contained in Reference 2, is used to analyze the dose effects of particular 
materials. 

 
k) The sources used in calculating radiation levels following LOCA are consistent 

with those set forth in NUREG-0588, Rev. 1.  All the active non-NSSS safety-
related equipment located inside the primary containment is designed to 
withstand the maximum integrated doses during the life of the plant.  Suitability 
of materials used is verified by test for all electrical penetration assembly 
materials, for an integrated dose rate of at least 5 x 107 rad, in accordance with 
requirements of IEEE 317-1972. 

 
l) The materials used in the fabrication of the reactor coolant system pressure 

boundary and other mechanical and structural components are selected to 
minimize corrosion and hydrogen generation. 
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3.11.3  QUALIFICATION TEST RESULTS 
 
Environmental qualification documentation for Class 1E electrical equipment is contained in 
EQ binders maintained by Susquehanna Nuclear Records in File R34.  In some cases, 
additional details of test results for GE safety-related equipment are maintained in a permanent 
file by GE and can be readily audited.  In all cases, the equipment used in Class 1E applications 
passed the prescribed tests.    Dwgs.   C-1815, Sh. 1,        C-1815, Sh. 2,        C-1815, Sh. 3, 
C-1815, Sh. 4, C-1815, Sh. 5, C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, 
C-1815, Sh. 9, C-1815, Sh. 10, C-1815, Sh. 11, and C-1815, Sh. 12, 
identify the temperature pressure, humidity, and radiation environments to which the Class 1E 
equipment has been qualified. 
 
 
3.11.4  LOSS OF VENTILATION 
 
The maximum temperatures considered in the sizing of air conditioning systems serving safety-
related systems are determined by additive analysis of the following factors: 
 

a) Maximum outdoor design temperature for the geographical area of the plant 
(both wet bulb and dry bulb readings) 

 
b) Maximum internal piping thermal loads, if applicable, for the room, using 

maximum normal operating temperatures for the pipe contents and maximum 
footage of active pipe for each mode of operation. 

 
c) Maximum internal electrical load assuming full lighting for the room, and using, if 

applicable, the maximum control and equipment resistance losses for each mode 
of operation. 

 
d) Maximum heat transfer from miscellaneous equipment surfaces, if applicable 

(e.g., outer surface of the diesel generator). 
 

e) Maximum heat transfer from the surface of open pools and tanks, if applicable, 
using the maximum operating temperature of the contents. 

 
f) Maximum heat transfer from the room envelope including walls, floor, and ceiling, 

or roof (this value may be negative). 
 
Seismic Category I air conditioning and air cooling systems, described in Section 9.4 are 
powered from the Class 1E electrical power supplies and are provided for the locations listed in  
Dwgs. C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3, C-1815, Sh. 4, C-1815, Sh. 5, 
C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, C-1815, Sh. 9, C-1815, Sh. 10, 
C-1815, Sh. 11, and C-1815, Sh. 12.  
 
These Category I systems are designed so that the single failure of an active mechanical 
component, or an active or passive electrical component, after a DBA, cannot impair the ability 
of the systems served by the air conditioning equipment to fulfill their safety functions.  Should 
a train in a Seismic Category I air conditioning system become inoperative during normal 
operation, sufficient equipment is still available to mitigate the consequences of a DBA. 
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Two redundant Seismic Category I emergency air conditioning trains are provided for the control 
room. 
 
Power cable is rated for a conductor temperature of 194°F (90°C).  Class 1E cables are 
qualified for the plant specific worst case temperatures expected during normal operation and 
post accident conditions by testing and analysis.  The allowable current carrying capacity of the 
cable is based on not exceeding this insulation design temperature while the surrounding air is 
at an ambient temperature of 150°F (65.5°C) inside the containment and for the rest of the plant 
area a temperature of 122°F (50°C) or 104°F (40°C) depending on location.  The cable 
ampacity is determined as discussed in Section 8.3.3.1. 
 
Instrumentation cable is rated for a conductor temperature of 194°F (90°C).  Class 1E cables 
are environmentally qualified for the plant specific worst case temperatures expected during 
normal operation and post accident conditions by testing and analysis.  Operating currents of 
these cables are low and will not cause this temperature to be exceeded at maximum design 
ambient temperature.  Instruments required to operate following a DBA are not located in pipe 
tunnels, but are mounted outside the tunnels. 
 
 
3.11.5  ESTIMATED CHEMICAL, PHYSICAL, AND RADIATION ENVIRONMENT 
 
 
3.11.5.1  Suppression Pool, Residual Heat Removal System, and Emergency Core 
       Cooling System Water Quality          
 
The water in these systems shall not be chemically inhibited.  The maximum limits for the 
suppression pool have been established to be compatible with the primary coolant limits for the 
shutdown condition and are listed in Table 3.11-7 for comparison. 
 
Observations made of suppression pool water quality over a period of several years in 
suppression pool with and without coatings, indicate that the feed and bleed to radwaste that 
occurs during normal system testing and level adjustments maintain the water quality well within 
the above limits. 
 
During reactor shutdown cooling, the RHR system water mixes with reactor water.  Therefore, 
to insure reactor water quality, as much as practicable of the shutdown cooling piping and 
equipment shall be flushed with either reactor water or water of the quality specified above for 
maximum limit. 
 
 
3.11.5.2  Physical Environment 
 
Engineered safety feature (ESF) systems are designed to perform their safety-related functions 
in the temperature, pressure, and humidity conditions described in Subsection 3.11.2, and 
Sections 6.2 and 6.3. 
 
The containment atmosphere is maintained below 4 percent by volume hydrogen consistent 
with the recommendations of Regulatory Guide 1.7 as discussed in Subsection 6.2.5. 
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3.11.5.3  Radiation Environment 
 
ESF systems and components are designed to perform their safety-related functions after the 
normal operational exposure plus an accident exposure.  The normal operational exposure is 
based on the design source terms presented in Chapter 11 and Subsection 12.2.1 and the 
equipment and shielding configurations presented in Section 12.3. 
 
Post-accident ESF system and component radiation exposures are dependent on equipment 
location.  In the containment and control room area, exposures are due to a hypothesized 
LOCA.  Source terms and other accident parameters are consistent with the recommendations 
of NUREG 0588, Rev. 1. 
 
In the reactor building, post-accident exposures to ECCS systems recirculating depressurized 
reactor fluids are based on source terms assuming an inventory of 50 per cent of the core 
halogens and one percent of the core solid fission products.  Post Accident exposures to the 
High-Pressure Coolant Injection and Reactor Core Isolating Cooling Systems are based on 
steam source terms of control rod drop accident as described in Section 15.4.9.  The minimum 
exposure within the Reactor Building is based on airborne sources originating from one per cent 
per day drywell leakage of post-accident airborne activity. 
 
Normal, accident, and design (normal plus accident) radiation exposures for plant areas, 
based on the above assumptions, are presented in Table 3.11-1 and  Dwgs. 
C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3, C-1815, Sh. 4, C-1815, Sh. 5, 
C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, C-1815, Sh. 9, C-1815, Sh. 10, 
C-1815, Sh. 11, and C-1815, Sh. 12.   
 
Organic materials that exist within the containment are identified in Subsection 6.1.2.  
The design radiation exposures identified in Table 3.11-1 and  Dwgs. 
C-1815, Sh. 1, C-1815, Sh. 2, C-1815, Sh. 3, C-1815, Sh. 4, C-1815, Sh. 5, 
C-1815, Sh. 6, C-1815, Sh. 7, C-1815, Sh. 8, C-1815, Sh. 9, C-1815, Sh. 10, 
C-1815, Sh. 11, and C-1815, Sh. 12 are based on gamma radiation exposure 
only except as noted.  The attenuation of beta radiation by small amounts of shielding, such as 
conduits and jackets for cable and casings for equipment, is evaluated. Where such shielding 
is not completely effective, the equipment is qualified for radiation exposures which include the 
appropriate portion of the postulated beta TID. 
 
 
3.11.6  REFERENCES 
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3.11-2. J.F. Kircher and R.E. Bowman, "Effects of Radiation on Materials and Components", 
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3.13  COMPLIANCE WITH NRC REGULATORY GUIDES 
 
 
This section discusses the compliance of the plant design with the guidelines presented in the NRC 
Regulatory Guides.  Where applicable, reference is made to the Final Safety Analysis Report 
(FSAR) section(s) in which the appropriate design feature is described. 
 
Since the application for the construction permit for this station was docketed in March 1971; 
therefore, it should be noted that the implementation paragraphs of many of the Regulatory Guides 
render the provisions contained therein inapplicable to Susquehanna SES by virtue of their 
effective dates.  Nonetheless, the Applicant has evaluated the design and construction against 
versions of the Regulatory Guides which were current when the application for an Operating 
License was tendered and has complied with the listed revisions to the extent practicable. 
 
Where compliance to the regulatory guide has been qualified by an interpretation of the regulatory 
guide, these variances are discussed in either this section or in an appropriate section referenced 
in a particular response. 
 
The use of an Alternative Source Term (AST) requires changes to source term assumptions and 
dose acceptance criteria.  Regulatory Guides have not been reviewed in detail to determine if 
exceptions are required for the below listed items.  This note captures that the following criteria 
may be applicable exception(s) to a specific Regulatory Guide. 
 
a. New AST analyses performed in accordance with the guidance in Regulatory Guide 

1.183 for the following accidents:  Loss of Coolant Accident, Main Steam Line Break, the 
Refueling Accident and the Control Rod Drop Accident. 

 
b. Dose acceptance criteria is based on the Total Effective Dose Equivalent (TEDE) versus 

thyroid, whole body and beta dose. 
 
c. Changed from 10CFR100.11 to 10CFR50.67 for dose acceptance criteria. 
 
d. Changed from 10CFR50, Appendix A, General Design Criteria 19 to 10CFR50.67 for 

control room personnel dose acceptance criteria. 
 
e. No longer committed to Regulatory Guides 1.3, 1.5 and 1.25. 
 
 
3.13.1  DIVISION 1, REGULATORY GUIDES - POWER REACTORS 
 
Regulatory Guide 1.1 - NET POSITIVE SUCTION HEAD FOR EMERGENCY 

CORE COOLING AND CONTAINMENT HEAT  
REMOVAL SYSTEM PUMPS (November 2, 1970)  

 
As discussed in Subsections 6.2.2 and 6.3.2, Susquehanna SES has been designed to comply 
with this regulatory guide. 
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Regulatory Guide 1.2  - THERMAL SHOCK TO REACTOR PRESSURE  
VESSELS (November 2, 1970)  

 
With respect to the regulatory positions of this regulatory guide, Susquehanna SES is in 
compliance as follows: 
 
The reactor pressure vessel utilized for Susquehanna SES employs no significant core or vessel 
design changes from previously approved BWR pressure vessels such as Browns Ferry. 
 
NOTE:  Although this regulatory guide has been withdrawn, any prior or existing commitments 
based on its use are not altered. 
 
An investigation of the structural integrity of boiling water reactor pressure vessels during a design 
basis accident (DBA) has been conducted (refer to NEDO-10029).  It has been determined, based 
upon methods of fracture mechanics, that no failure of the vessel by brittle fracture as a result of a 
DBA will occur. 
 
The investigation included: 
 
a. a comprehensive thermal analysis considering the effect of blowdown and the low-pressure 

coolant injection (LPCI) system reflooding; 
b. a stress analysis considering the effects of pressure, temperature, seismic load, jet load, 

dead weight, and residual stresses; 
 
c. the radiation effect on material toughness (NDTT shift and critical stress intensity); and 
 
d. methods for calculating crack tip stress intensity associated with a non-uniform stress field 

following the design basis accident. 
 
This analysis incorporated very conservative assumptions in all areas (particularly in the areas of 
heat transfer, stress analysis, effects of radiation on material toughness, and crack tip stress 
intensity).  Therefore, the results reported in NEDO-10029 provide an upper bound limit on brittle 
fracture failure mode studies.  Because of the upper bound approach, it is concluded that 
catastrophic failure of the pressure vessel due to the DBA is shown to be impossible from a 
fracture mechanics point of view.  In the case studied, even if an acute flaw does form on the 
vessel inner wall, it will not propagate as the result of the DBA. 
 
For further discussion of fracture toughness of the Reactor Pressure Vessel refer to 
Subsection 5.2.3.3.1. 
 
 
Regulatory Guide 1.3 - ASSUMPTIONS USED FOR EVALUATING THE 

POTENTIAL RADIOLOGICAL CONSEQUENCES OF A 
LOSS-OF-COOLANT ACCIDENT FOR BOILING    
WATER REACTORS (Revision 2, June 1974)  

 
Not Applicable. 
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Regulatory Guide 1.4 - ASSUMPTIONS USED FOR EVALUATING THE 
POTENTIAL RADIOLOGICAL CONSEQUENCES OF A 
LOSS-OF-COOLANT ACCIDENT FOR PRESSURIZED 
WATER REACTORS (Revision 2 June, 1974)  

 
Not Applicable. 
 
 
Regulatory Guide 1.5 - ASSUMPTIONS USED FOR EVALUATING THE 

POTENTIAL RADIOLOGICAL CONSEQUENCES OF A 
STEAM LINE BREAK ACCIDENT FOR BOILING    
WATER REACTORS (March 10, 1971)  

 
Not Applicable. 
 
 
Regulatory Guide 1.6 - INDEPENDENCE BETWEEN REDUNDANT - STANDBY 

(ONSITE) POWER SOURCES AND BETWEEN THEIR 
DISTRIBUTION SYSTEMS (March 10, 1971)  

 
As discussed in Subsections 7.1.2.6, 8.1-6.1.a, and 8.3.1.4, independence between redundant 
standby (onsite) power sources and between their distribution systems is provided with the 
exception of Position D.4.c.  Swing buses Supply power to the LPCI injection valves and the 
recirculation piping isolation and bypass valves.  Motor generator sets are used to protect 
redundant power sources from faults that might develop on the swing bus, thus ensuring the 
requisite degree of independence between the redundant power sources. 
 
 
Regulatory Guide 1.7 - CONTROL OF COMBUSTIBLE GAS CONCENTRATIONS 

IN CONTAINMENT FOLLOWING A LOSS-OF-COOLANT 
ACCIDENT (Revision 3, March 2007)  

 
The design guidance and assumptions of this regulatory guide are followed as discussed in 
Subsection 6.2.5. 
 
 
Regulatory Guide 1.8 - PERSONNEL SELECTION AND TRAINING     

(Revision 2, April 1987)  
 
Commitment to this regulatory guide is described in FSAR Table 17.2-1 and Technical 
Specification 5.3.1.  Additional information relating to personnel selection and training can be found 
in FSAR Sections 12.5, 13.1 and 13.2. 
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Regulatory Guide 1.9 - SELECTION OF DIESEL GENERATOR SET CAPACITY 
FOR STANDBY POWER SUPPLIES 

  (March 10, 1971, For Diesel Generators ‘A-D’ and 
December 1979 for Diesel Generator ‘E’)  

 
The standby power system is discussed fully in Subsections 8.1.6.1.b and 8.3.1, AC Power 
Systems.  Standby diesel generator power supplies comply with Regulatory Guide 1.9. 
 
Except as indicated below, 
 
(1) Reference:  Position C.4 Power quality is in accordance with IEEE 387-1972, Section 

5.1.2(4) for Diesel Generators A-D and IEEE 387-1977, Section 5.1.2(5) for Diesel 
Generator E.  At no time during the loading sequence will the frequency or voltage drop to a 
level which will degrade the performance of any of the loads below their minimum 
requirements. 

 
(2) Reference:  Position C.5.  The suitability of each Susquehanna SES Diesel Generator is 

confirmed by factory qualification testing and preoperational test.  Discussion of the factory 
test results is in Section 8.3. 

 
(3)  Reference: Position C.11 (December 1979 Revision only; there is no commensurate 

requirement in the March 1971 Revision). Exception is taken to the statement that 
IEEE 387-1977, Section 6.6, “Periodic Testing,” should be supplemented by RG 1.108.  
Regulatory Position C.2.a of RG 1.108 requires that testing of diesel generators occurs 
at least once every 18 months. The 18 month requirement is interpreted to mean once 
per refueling cycle. Periodic testing is performed in accordance with the Technical 
Specifications, and the test interval may be replaced with performance-based, risk-
informed test intervals. This statement in Regulatory Position C.11 of RG 1.9, and by 
extension Regulatory Position C.2.a of RG 1.108, clarifies the statement in Section 6.6.2 
of IEEE 387- 1977 that operational tests be performed “at acceptable intervals.” By 
taking exception to Regulatory Position C.11 of RG 1.9, exception is also being taken to 
Regulatory Position C.2.a of RG 1.108 that the frequency of diesel generator testing 
should be at least once every 18 months. Despite the exceptions to Regulatory Position 
C.11 of RG 1.9 and C.2.a of RG 1.108, exception is not being taken to the statement in 
Section 6.6.2 of IEEE 387-1977 that the testing be performed at acceptable intervals. 
The performance based, risk-informed test intervals are determined in accordance with 
Technical Specification 5.5.15 as approved by the NRC and are acceptable. 

 
 
Regulatory Guide 1.10 - MECHANICAL (CADWELD) SPLICES IN REINFORCING 

BARS OF CATEGORY I CONCRETE STRUCTURES 
(Revision 1, January 2, 1973)  

 
The testing and inspection program for all mechanical (Cadweld) splices in reinforcing bars of 
Category I structures are in compliance with this regulatory guide. 
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Regulatory Guide 1.11 - INSTRUMENT LINES PENETRATING PRIMARY 
REACTOR CONTAINMENT (March 10, 1971)  

 
The design of the instrument lines penetrating the primary reactor containments of the 
Susquehanna SES complies with the provisions of this Regulatory Guide.  Instrument lines which 
directly communicate with containment atmosphere, or do not communicate with reactor coolant 
pressure boundary are treated as extensions of the containment. 
 
 
Regulatory Guide 1.12 - INSTRUMENTATION FOR EARTHQUAKES        

(Revision 1 April, 1974 )  
 
As described in Subsection 3.7b.4, seismic instrumentation is provided.  The instrumentation 
meets the regulatory position set forth in this guide except for Section C.1.a. since no triaxial peak 
accelerographs are provided.  
 
 
Regulatory Guide 1.13 - SPENT FUEL STORAGE FACILITY DESIGN BASIS 

(Revision 1, December 1975)  
 
The fuel storage facility design basis is described in Section 9.1 and Appendix 9A.  Regulatory 
positions are complied with subject to the following exceptions and clarifications: 
 
(1) Reference:  Position C.2.  The fuel pool is designed to prevent significant loss of watertight 

integrity caused by tornadic winds and missiles generated by these winds.  The reactor 
building above the refueling floor consists of steel framing with metal siding. 

 
(2) Reference:  Positions C.3 and C.5.a.  Interlocks are provided to prevent the 125 ton hook of 

the reactor building crane from passing over or near stored fuel.  These interlocks preclude 
any load suspended from this crane from tipping over on the stored fuel in the event of a 
crane failure.  The 5 ton auxiliary hook suspended from the same crane trolley is prevented 
from passing over stored fuel when fuel handling is not in progress by administrative 
controls.  There are no planned transfers of loads heavier than a new fuel element over the 
stored fuel. 

 
(3) Reference:  Position C.8.  A Seismic Category I makeup water supply from each 

emergency service water loop is permanently connected to each spent fuel pool by two 
independent Seismic Category I piping routes.  The make-up is provided for filling the 
Spent Fuel Pool to the proper level to support operation of the RHR Fuel Pool Cooling 
mode, and to provide for make-up from evaporative losses during cooling by RHR.  The 
make-up rate is sized based on boiling so as to be conservative.  The normal makeup 
system to the fuel pool is not Seismic Category I. 

 
 
Regulatory Guide 1.14 - REACTOR COOLANT PUMP FLYWHEEL        

INTEGRITY (Revision 1, August 1975)  
 
Not Applicable. 
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Regulatory Guide 1.15 - TESTING OF REINFORCING BARS FOR CATEGORY I 
CONCRETE STRUCTURES            
(Revision 1, December 28, 1972)  

 
Testing of reinforcing bars for Category I concrete structures is in compliance with this regulatory 
guide. 
 
 
Regulatory Guide 1.16 - REPORTING OF OPERATING 

INFORMATION-APPENDIX A TECHNICAL 
SPECIFICATIONS (Revision 4, August 1975)  

 
In lieu of the positions stated in this Regulatory Guide, the reporting of operating information for the 
Susquehanna SES complies with Technical Specifications, 10CFR50.73 and G.L. 97-02. 
 
 
Regulatory Guide 1.17 - PROTECTION OF NUCLEAR POWER PLANTS  

AGAINST INDUSTRIAL SABOTAGE (June 1973)  
 
In lieu of the positions stated in this regulatory guide, the protection of Susquehanna SES 
against industrial sabotage complies with 10CFR73. 
 
 
Regulatory Guide 1.18 - STRUCTURAL ACCEPTANCE TEST FOR CONCRETE 

PRIMARY REACTOR CONTAINMENTS               
(Revision 1, December 28, 1972)  

 
The compliance with this regulatory guide is achieved subject to certain test modifications as 
discussed in Subsection 3.8.1.7.1.1. 
 
 
Regulatory Guide 1.19 - NONDESTRUCTIVE EXAMINATION OF PRIMARY 

CONTAINMENT LINER WELDS (Revision 1,   
    August 11, 1972)  
 
Nondestructive examination of the primary containment liner welds is conducted as discussed in 
Subsection 3.8.1. 
 
 
Regulatory Guide 1.20 - COMPREHENSIVE VIBRATION ASSESSMENT 

PROGRAM FOR REACTOR INTERNALS DURING 
PREOPERATIONAL AND INITIAL STARTUP       
TESTING (Revision 2, May 1976)  

 
The vibration assessment program for reactor internals as discussed in Subsections 1.5.1, 3.9.2.4 
and NEDE 24057P complies with this regulatory guide. 
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Regulatory Guide 1.21 - MEASURING, EVALUATING AND REPORTING 
RADIOACTIVITY IN SOLID WASTES AND RELEASES 
OF RADIOACTIVE MATERIALS IN LIQUID AND 
GASEOUS EFFLUENTS FROM LIGHT-WATER-COOLED 
NUCLEAR POWER PLANTS (Revision 1, June 1974)  

 
Operation of the radwaste systems will be conducted in accordance with this regulatory guide as 
permitted by the design.  Operation and design of the systems are discussed in Section 11.5. 
 
 
Regulatory Guide 1.22 - PERIODIC TESTING OF PROTECTION SYSTEM 

ACTUATION FUNCTION (February 17, 1972)  
 
As discussed in Subsections 7.1.2.6.4, 7.2.2.1.2.1.2, 7.2.4.1.1.2.2.1, 7.3.2a.1.2.1.3, 7.3.2a.2.2.1.2, 
7.3.2a.5.2.1, 7.4.2.1.2.1.3, 7.4.2.2.2.1.3, 7.6.2a.3.2.3.1, 7.6.2a.5.4.2, 8.1.6.1d and 8.3.1.3.1.5 
periodic testing of protection system actuation functions complies with this regulatory guide. 
 
 
Regulatory Guide 1.23 - METEOROLOGICAL MEASUREMENT PROGRAM FOR 

NUCLEAR POWER PLANTS Second Proposed 
Revision 1, (April, 1986)  

 
The onsite meteorological system and program comply with this regulatory guide. 
 
The commitment to accuracy criteria for delta temperature is Atomic Energy Commission Safety 
Guide 23, February 1972 (Regulatory Guide 1.23 Rev. 0). 
 
 
Regulatory Guide 1.24 - ASSUMPTIONS USED FOR EVALUATION THE 

POTENTIAL RADIOLOGICAL CONSEQUENCES OF A 
PRESSURIZED WATER GAS STORAGE TANK  
FAILURE (March 23, 1972)  

 
Not Applicable. 
Regulatory Guide 1.25 - ASSUMPTIONS USED FOR EVALUATING THE 

POTENTIAL RADIOLOGICAL CONSEQUENCES OF A 
FUEL-HANDLING ACCIDENT IN THE FUEL HANDLING 
AND STORAGE FACILITY FOR BOILING AND 
PRESSURIZED WATER REACTORS (March 23, 1972)  

 
Not Applicable. 
 
 
Regulatory Guide 1.26 - QUALITY GROUP CLASSIFICATION AND    

STANDARDS (Revision 3, February 1976)  
 
In general the requirements of Regulatory Guide 1.26 are met for the Susquehanna Plant.  Some 
exceptions exist due to the purchase date of the NSSS equipment and design changes in a few 
systems.  These exceptions have been documented in correspondence with NRC.  Quality Group 
classifications are detailed in Tables 3.2-1, 3.2-2, and SSES-FSAR 3.2-3. 
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Regulatory Guide 1.27 - ULTIMATE HEAT SINK FOR NUCLEAR POWER    
PLANTS (Revision 2, January 1976)  

 
Subject to the exception indicated below, the design of the ultimate heat sink satisfies the 
requirements of this regulatory guide. 
 
(1) Reference:  Position C.2.  Position C.2 states that the ultimate heat sink features which are 

not required to be designed to withstand the Safe Shutdown Earthquake (SSE) should, 
nonetheless, be designed and constructed to withstand the Operating Basis Earthquake 
and waterflow based on severe historical events in the region.  The requirements of this 
regulatory guide without the necessity for any makeup operations following the occurrence 
of an SSE.  Therefore, the potential makeup water sources, such as the cooling tower 
basins and the makeup system from the Susquehanna River, are not required to perform 
any safety-related function following the occurrence of any seismic event, and design 
criteria specified in Position C.2 have not been employed in their design. 

 
Compliance is discussed in Subsection 9.2.7.  A description of the analysis performed to 
demonstrate the ability of the ultimate heat sink to meet the requirements of this Regulatory Guide 
is presented in Subsection 9.2.7.3. 
 
 
Regulatory Guide 1.28 - QUALITY ASSURANCE PROGRAM REQUIREMENTS 

(DESIGN AND CONSTRUCTION)                     
(Revision 1,  March 1978)  

 
The Quality Assurance Program for the construction of Susquehanna SES is described in the 
PSAR, Appendix D and amendments.  Compliance of the Operational Quality Assurance Program 
with this guide is discussed in Section 17.2. 
 
 
Regulatory Guide 1.29 - SEISMIC DESIGN CLASSIFICATION (Revision 2, 

February 1976) (Revision 3, September 1978 for the 
Diesel Generator 'E' Facility)  

 
Subject to the clarifications and/or exceptions indicated below, Susquehanna SES complies with 
this regulatory guide. 
 
(1) Reference:  Position C.1.b.  For the NSSS, application of this guide is limited to the reactor 

core and reactor internals which are engineered safety features. 
 
(2) Reference:  Position C.1.d and C.1.g.  The normal spent fuel pool cooling system is 

non-seismic Category I.  If a seismic event would occur, cooling of the spent fuel is 
achieved by use of the RHR Fuel Pool Cooling (RHRFPC) mode as described in 
Sections 5.4.7.1.1.6, 5.4.7.2.6c, 9.1.3.1, and 9.1.3.3.  Either or both of two Seismic 
Category I ESW makeup water supplies to each pool can provide make-up in support of 
the RHRFPC mode.  Additionally, ESW is capable of supplying make-up for the boiling 
Spent Fuel Pool (SFP) analysis as described in Appendix 9A. 

 
(3) Reference:  Position C.1.e.  The Main Steam System (MSS) beyond the outer isolation 

valves up to and including the turbine stop valves and all branch lines 2 1/2 in. in diameter 
and larger, up to and including the first valve (including their restraints) are not classified 
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Seismic Category I; because portions of the pipe are routed in a non-Seismic Category I 
building (the Turbine Building).  However, the turbine building has been designed to 
withstand an SSE as stated in Subsection 3.7b.2.8.  Further description of the turbine 
building is given in Subsection 3.8.4.1; applicable load combinations are given in 
Table 3.8-10.  The subject piping is designed in accordance with ASME Section III, Class 2 
requirements for the OBE and SSE as described in Subsection 10.3.3. 

 
(4) Reference:  Position C.1.h.  The component cooling water portions of the reactor 

recirculation pumps are not Seismic Class I since they do not involve a safety function. 
 
(5) Reference:  Paragraph C.2 of the Regulatory Guide.  Items which would otherwise be 

classified non-Seismic Category I, "but whose failure could reduce the functioning" of items 
important to safety "to an unacceptable safety level" are to be "designed and constructed 
so that the SSE would not cause such failure."  In addition, Paragraph C.4 of the guide 
requires that the "pertinent quality assurance requirement of Appendix B to 10 CFR Part 50 
should be applied to the safety requirements" of such items.  Both of these positions are 
considered to be adequately met by applying the following practices to such items: 

 
(a) Design and design control for such items are carried out in the same manner as 

that for items directly important to safety.  This includes the performance of 
appropriate design reviews. 

(b) Field work is performed under the direction of experienced field construction 
superintendents and is inspected by the staff of field engineers stationed at the site.  
The field engineers are responsible for verifying that construction is performed in 
accordance with the design drawings and specifications and with applicable 
standard codes and specifications. 

 
(6) Reference:  Paragraph C.3 of the Regulatory Guide.  Seismic Category I design 

requirements are required to be extended "to the first seismic restraint beyond the defined 
boundaries."  Since seismic analysis of a piping system requires division of the systems 
into discrete segments terminated by fixed points, this means that the seismic design 
cannot be terminated at a seismic restraint, but is extended to the first point in the system 
which can be treated as an anchor to the plant structure.  In addition, Paragraph C.4 of the 
Regulatory Guide takes the position that "the pertinent quality assurance requirement of 
Appendix B to 10CFR Part 50 should be applied to the safety requirements" of such items.  
Both these requirements are considered to be met adequately by applying the following 
practices to such items: 

 
(a) Design and design control for such items are carried out in the same manner as 

that for items directly important to safety.  This includes the performance of 
appropriate design reviews. 

 
(b) Field audits are performed by representatives of the originating design group to 

assure that the final installation of such items is in accordance with documents that 
formed the basis for the seismic analysis of the items. 
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Regulatory Guide 1.30 - QUALITY ASSURANCE REQUIREMENTS FOR THE 
INSTALLATION, INSPECTION, AND TESTING OF 
INSTRUMENTATION AND ELECTRICAL       
EQUIPMENT (August 11, 1972)  

 
The Susquehanna SES quality program for construction of safety related items was conducted in 
accordance with the program described in PSAR Appendix D and amendments.  Compliance of 
the Operational Quality Program with this guide is described in Table 17.2-1. 
 
 
Regulatory Guide 1.31 - CONTROL OF STAINLESS STEEL WELDING 
 
Control of stainless steel welding (except NSSS scope of supply) complies with Interim Position on 
Regulatory Guide 1.31 (Branch Technical Position MTEB 5-1 dated November 24, 1975) except as 
discussed below. 
 
(1) Reference:  Paragraph B.1.b of Interim Position.  Austenitic stainless steel welding filler 

materials used in the fabrication and installation of ASME Section III, Class 1, 2, and 3 
components are controlled to deposit from 8 to 25 percent delta ferrite.  Welding filler 
materials 309 and 309L are controlled to deposit from 5 to 15 percent delta ferrite and are 
used only for welding carbon or low alloy steel to austenitic stainless steel.  The use of 
309L welding filler material is further limited to the overlay deposit on the carbon or low 
alloy steel component nozzles or connecting pipe when postweld heat treatment is 
required. 

 
 These limits for delta ferrite in austenitic stainless steel welding materials comply with 

Interim Regulatory Guide 1.31 because the upper limit of 20 percent delta ferrite does not 
apply to welds that are not heat treated after welding (Paragraph 3b).  Solution heat 
treatment, although not required after welding, is permitted to avoid sensitization. 

 
 The procedure for determining the amount of delta ferrite in each heat or lot of austenitic 

stainless steel welding material does not comply with the Interim Position of the Regulatory 
Guide.  Determination of delta ferrite is in accordance with ASME Section III, Division 1, 
1974 Edition,  

 
 Paragraph NB02433, except that an undiluted weld deposit is required for each heat of 

bare wire used with the Gas Metal-Arc process. 
 
(2) Reference:  Paragraph B.2 of the Interim Position.  This paragraph is complied with for all 

tests and examinations required by ASME Section III, Division 1, 1974 Edition. 
 
(3) Reference:  Paragraph B.3.a of the Interim Position.  This paragraph is not complied with.  

Magnetic measurement of production welds for delta ferrite is unnecessary when austenitic 
stainless steel welding materials are controlled to deposit 8 to 25 percent delta ferrite based 
on chemistry, except for 309 and 309L welding materials which are controlled to deposit 5 
to 15 percent delta ferrite based on chemistry. 

 
 Three Bechtel projects are committed to measuring production welds for delta ferrite in 

order to collect data and demonstrate that the welding material controls described above 
are more than adequate for the purpose of avoiding microfissuring.  Since this represents a 
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sufficient number of welds for the purpose of collecting data, measurement of production 
welds for delta ferrite on this project is not planned. 

 
(4) Reference:  Paragraph B.3.b of the Interim Position.  This paragraph is complied with for 

welding material certification. 
 
(5) Reference:  Paragraphs B.4.a, b, and c of the Interim Position.  These paragraphs are not 

complied with since measurement of production welds for delta ferrite is not performed. 
 
The NSSS scope of supply control of welding is described in Subsection 5.2.3.4.2. 
 
 
Regulatory Guide 1.31 - CONTROL OF FERRITE CONTENT IN (DIESEL 

GENERATOR E ONLY) STAINLESS STEEL WELD 
METAL (Revision 3, April 1978)  

 
The design of the Diesel Generator "E" meets the intent of this Regulatory Guide.  Methods of 
control of welding, in fabricating and joining safety-related austenitic stainless steel components 
and systems, were implemented which led to meeting the intent of 10CFR50, Appendix A, 
GDC 1. 
 
 
Regulatory Guide 1.32 - CRITERIA FOR SAFETY RELATED ELECTRIC POWER 

SYSTEMS FOR NUCLEAR POWER PLANTS (Revision 1, 
March 1976) for Diesel Generators “A-D” and (Revision 2, 
February 1977 for the Diesel Generator 'E' Facility)  

 
Diesel Generators “A-D” are designed in accordance with Regulatory Guide 1.32, Revision 1 
(March 1976).  Diesel Generator “E” and the transfer points in the Diesel Generator “A-D” rooms 
are designed to Regulatory Guide 1.32, Revision 2 (February 1977), as discussed in FSAR 
Sections 8.1.6.1 and 8.3.2.2.  Positions C.1.e and C.1.f of this regulatory guide are addressed in 
the responses to Regulatory Guides 1.75 and 1.9 respectively. 
 
 
Regulatory Guide 1.33 - QUALITY ASSURANCE PROGRAM REQUIREMENTS 

(OPERATION) (Revision 2, February 1978)  
 
Compliance of the Operational Quality Assurance Program with this guide is described in 
Section 17.2. 
 
 
Regulatory Guide 1.34 - CONTROL OF ELECTROSLAG WELD         

PROPERTIES (December 28, 1972)  
 
The electroslag weld method was not used for the fabrication of any core support structures or any 
ASME B&PV Section III, Class 1 or 2 vessels and components.  Therefore, this regulatory guide is 
not applicable to Susquehanna SES. 
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Regulatory Guide 1.35 - IN-SERVICE INSPECTION OF UNGROUTED TENDONS 
IN PRESTRESSED CONCRETE CONTAINMENT 
STRUCTURES (Revision 2, January 1976)  

 
Not Applicable. 
 
 
Regulatory Guide 1.36 - NONMETALLIC THERMAL INSULATION FOR 

AUSTENITIC STAINLESS STEEL (February 1973)  
 
As discussed in Subsections 4.5.2.4 and 6.1.1.1, the use of nonmetallic thermal insulation for 
austenitic stainless steel complies with this regulatory guide. 
 
 
Regulatory Guide 1.37 - QUALITY ASSURANCE REQUIREMENTS FOR 

CLEANING OF FLUID SYSTEMS AND ASSOCIATED 
COMPONENTS OF WATER COOLED                
NUCLEAR POWER PLANTS (March 16, 1973)  

 
The Quality Assurance Program for the construction of Susquehanna SES is described in the 
PSAR, Appendix D and amendments. 
 
Compliance of the operational Quality Assurance program with this guide is discussed in 
Section 17.2. 
 
 
Regulatory Guide 1.38 - QUALITY ASSURANCE REQUIREMENTS FOR 

PACKAGING, SHIPPING, RECEIVING, STORAGE, AND 
HANDLING OF ITEMS FOR WATER-COOLED  
NUCLEAR POWER PLANTS (Revision 2, May 1977)  

 
The Susquehanna SES construction quality program is being conducted in accordance with the 
program described in PSAR Appendix D and amendments.  Compliance of the Operational Quality 
Assurance Program is described in Section 17.2. 
 
 
Regulatory Guide 1.39 - HOUSEKEEPING REQUIREMENTS FOR 

WATER-COOLED NUCLEAR POWER PLANTS   
(Revision 2, September 1977)  

 
Compliance of the Operational Quality Assurance Program is described in Section 17.2. 
 
 
Regulatory Guide 1.40 - QUALIFICATION TESTS OF CONTINUOUS DUTY 

MOTORS INSTALLED INSIDE THE CONTAINMENT OF 
WATER COOLED NUCLEAR POWER PLANTS       
(March 16, 1973)  

 
As described in Subsection 3.11.2.2, the present design of Susquehanna SES complies with the 
provisions of this regulatory guide. 
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Regulatory Guide 1.41 - PREOPERATIONAL TESTING OF REDUNDANT ONSITE 
ELECTRIC POWER SYSTEM TO VERIFY PROPER 
LOAD DESIGN ASSIGNMENTS (March 16, 1973)  

 
The requirements of this regulatory guide were met.  The testing procedures are outlined in 
Section 14.2. 
 
 
Regulatory Guide 1.42 - INTERIM LICENSING POLICY ON AS LOW AS 

PRACTICABLE FOR GASEOUS RADIOIODINE 
RELEASES FROM LIGHTWATER-COOLED      
NUCLEAR POWER REACTORS  

 
Withdrawn March 18, 1976. 
 
 
Regulatory Guide 1.43 - CONTROL OF STAINLESS STEEL WELD CLADDING OF 

LOW-ALLOY STEEL COMPONENTS (May 1973)  
 
This regulatory guide prescribes qualification and production cladding controls for ASME SA 508-2 
material made to coarse grain practice.  This material is not used for any of the safety class 
components within the NSSS.  ASME SA 508-2 composition material employed on the reactor 
pressure vessel for Susquehanna SES is produced to fine grain practice. 
 
 
Regulatory Guide 1.44 - CONTROL OF THE USE OF SENSITIZED       

STAINLESS STEEL (May 1973)  
 
Subject to the following clarifications and exceptions, the use of unstabilized austenitic stainless 
steel for components that are part of (a) the reactor coolant pressure boundary, (b) systems 
required for reactor shutdown, (c) systems required for emergency core cooling, (d) reactor vessel 
internals required for emergency core cooling, and (e) reactor vessel internals which are relied 
upon to permit adequate core cooling during any mode of normal operation or postulated accident 
conditions complies with Regulatory Guide 1.44. 
 
(1) Reference:  Position C.1.  Contamination of austenitic stainless steel (Type 300 series) by 

compounds that could cause stress corrosion cracking is avoided during all stages of 
fabrication and installation.  Cleaning is limited to solutions that contain not more than 100 
ppm of chlorides.  Rinsing or flushing is with water containing less than 100 ppm of 
chlorides.  Foreign substances in contact with austenitic stainless steel (die lubricants, 
penetrant materials, marking materials, masking tape, etc.) either are controlled to contain 
the following amounts of contaminates, or are removed immediately following the operation 
in which they are used. 

 
1. The inorganic halogen content shall be less than 200 ppm by weight. 

 
2. The halogen (inorganic and organic) content shall be less than 1 percent by weight 

measured in accordance with ASTM D808-63. 
 

3. Sulfur content shall be less than 1 percent by weight as measured in accordance 
with ASTM D129-64. 
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4. Total low melting point metal (lead, bismuth, zinc, mercury, antimony, and tin) 
content shall be less than 200 ppm by weight and no individual metal content shall 
be greater than 50 ppm by weight. 

 
 Completed components are packaged so that they are protected from the weather, dirt, 

wind, water spray, and other deleterious environmental conditions that may be encountered 
during shipment and subsequent site storage. 

 
 In the field, austenitic stainless steel components are stored clean and dry to prevent 

contamination.  System hydrostatic tests are performed with demineralized water 
containing less than 10 ppm of chlorides.  The influent water quality during final flushing or 
preoperational testing of the completed system is at least equivalent to the quality of 
demineralized water as defined in ANSI N45.2.1-1973. 

 
 Leachable chlorides and fluorides in nonmetallic insulation materials, which come in contact 

with austenitic stainless steel, are held to the lowest practical level by the inclusion of the 
requirements of Regulatory Guide 1.36 in the insulation purchase specifications. 

 
(2) Reference:  Position C.2.  All grades of austenitic stainless steels (Type 300 series) are 

required to be furnished in the solution heat treated condition before fabrication or 
assembly into components or systems.  The solution heat treatment varies according to the 
applicable ASME or ASTM material specification. 

 
(3) Reference:  Position C.3.  All austenitic stainless steels are furnished in the solution heat 

treated condition in accordance with the material specification.  For material that has been 
solution heat treated by the material manufacturer, testing to determine susceptibility to 
intergranular corrosion is performed only when required by the material specification.  
During fabrication and installation austenitic stainless steels are not permitted to be 
exposed to temperatures in the range of 800o to 1500oF, except for welding and hot 
forming.  Welding practices are controlled to avoid severe sensitization, as described in (6), 
and solution heat treatment in accordance with the material specification is required 
following hot forming in the temperature range 800o to 1500oF.  Unless otherwise required 
by the material specification, the maximum time for cooling from the solution heat treat 
temperature to below 800oF is 3 minutes.  Corrosion testing in accordance with ASTM A 
262-70, Practice A or E, or ASTM A 393 may be required if the maximum length of time for 
cooling to below 800°F is exceeded or the solution heat treat condition is in doubt. 

 
(4) Reference:  Position C.4.  Use of low carbon (0.03 percent maximum) unstabilized 

austenitic stainless steel is not required since the reactor coolant meets the conductivity 
and chloride limits of Table 2 of Regulatory Guide 1.56.  However, it is used as described in 
Section 6(c) below. 

 
(5) Reference:  Position C.5.  Heat treating austenitic stainless steel in the temperature range 

800 to 1500°F is not permitted and solution heat treatment is required following hot forming.  
Since sensitization is avoided, testing to determine susceptibility to intergranular attack is 
not performed. 

 



SSES-FSAR 
Text Rev. 73 

FSAR Rev. 69 3.13-15 

(6) Reference:  Position C.6.  Welding practices are controlled to avoid severe sensitization in 
the heat-affected zone of unstabilized austenitic stainless steel as described below.  Unless 
otherwise stated, the position applies to both Bechtel and Bechtel suppliers and 
subcontractors. 

 
a) Weld Heat Input 

 
Bechtel controls weld heat input during field installation by using shielded metal-arc 
welding and gas tungsten-arc welding processes only, and by limiting the size of 
electrodes for each process to 5/32 in. and 1/8 in. diameter maximum, respectively.  
In addition to these two processes, Bechtel suppliers and subcontractors are 
permitted to use automatic submerged-arc welding and gas metal-arc welding.  
Hardsurfacing operations are not included. 

 
b) Interpass Temperature 

 
The interpass temperature is controlled so as not to exceed 350oF. 

 
c) Carbon Content 

 
Susceptibility to sensitization is reduced significantly by selecting materials with the 
lowest reported carbon content.  Specifically Type 304 stainless steel with carbon 
content limited to .030 maximum or 304L Stainless steel with carbon content limited 
to .030 maximum was used as follows: 

 
 

Pipe Description Size Material
  
Head Spray 6" 304SS
Core Spray Influent 12" 304SS
Recirculation System 4" 304SS
Standby Liquid Control 1 1/2" 304LSS
Reactor Water Cleanup 
(Effluent from Reactor)

4" 304LSS 

Instrument Piping 1" & 2" 304LSS
Bottom Drain 4" 304LSS
Vent, Drain, and Test Connections 1" 304LSS

 
d) Solution Heat Treatment 

 
All austenitic stainless steels are provided in the solution annealed condition.  This 
is accomplished by following the manufacturer solution annealing by water 
quenching from the solution annealing temperature to below 800oF in 3 minutes.  
Solution heat treatment is not required after welding. 

 
Severe sensitization is avoided by not permitting heat treatment in the temperature 
range 800 to 1500oF following welding.  This requires a special technique when 
welding stainless steel safe ends (transition pieces) to carbon or low-alloy steel 
component nozzles or piping.  Specifically, a 309L stainless steel overlay or an 
Inconel weld overlay is deposited on the component and the component is postweld 
heat treated.  Following final postweld heat treatment of the component, the 
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stainless steel safe end is welded to the weld overlay using 308 or 308L austenitic 
stainless steel or Inconel type welding materials. 

 
 Intergranular corrosion testing is not performed on a routine basis.  Performing 

intergranular corrosion tests for each welding procedure serves no useful purpose 
when welding practices and reactor coolant water chemistry are controlled as 
described above. 

 
 
Regulatory Guide 1.45 - REACTOR COOLANT PRESSURE BOUNDARY 

LEAKAGE DETECTION SYSTEMS (May 1973)  
 
The design of the leakage detection systems is described in Subsection 5.2.5.1. 
 
 
Regulatory Guide 1.46 - PROTECTION AGAINST PIPE WHIP INSIDE 

CONTAINMENT (May 1973)  
 
The criteria given in NRC Branch Technical Position MEB3-1, dated 11-24-75, is used in lieu of the 
criteria prescribed in Regulatory Guide 1.46 dated May 1973 for the non-NSSS scope of supply.  
Section 3.6 describes how the present design meets these protection requirements. 
 
This regulatory guide is applicable to the main steam, HPCI, RCIC, RWCU, SLCS and recirculation 
pipelines within the NSSS scope of supply. 
 
The design of the containment structure, component arrangement, Class 1 pipe runs, pipe 
restraints and compartmentalization was done in consonance with the acknowledgement of 
protection against dynamic effects associated with postulated rupture of piping.  Analytically sized 
and positioned pipe restraints were engineered to preclude damage based on the pipe break 
evaluation. 
 
Pipe whip requirements for fluid system piping within the primary containment that under normal 
operation, has service temperatures 200º F or pressures greater than 275 psig comply with 
ANS 58.2 - "Design Basis for Protection of Light Water Nuclear Power Plants Against the Effects of 
Postulated Pipe Rupture” and Regulatory Guide 1.46 except as delineated in the following criteria 
for no breaks in Class 1 piping: 
 
1. If Equation 10 of NB-3653-1, ASME Code III results in Sn less than or equal to 2.4 Sm for 

ferritic or austenitic steels, no other requirement need be met.  Stress range should be 
calculated between any two load sets (including zero load set) according to NB-3600 for 
upset and an OBE event transient. 

 
2. If Equation 10 results in Sn between 2.4 Sm and 3,0 Sm for ferritic or austenitic steels, the 

cumulative usage factor, U, calculated on the basis of Equation 14 of NB-3653.6, must be 
less than 0.1. 

 
3. If Equation 10 results in Sn greater than or equal to 3.0 Sm for ferritic or austenitic steels, 

then the stress value in Equations 12 and 13 of NB-3653.6 must not exceed 2.4 Sm and the 
cumulative usage factor, U, must be less than 0.1. 
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Regulatory Guide 1.47 - BYPASSED AND INOPERATIONAL STATUS 
INDICATION FOR NUCLEAR POWER PLANT      
SAFETY SYSTEMS (May 1973)  

 
The design, as discussed in Subsections 7.1.2, 7.1.2.6.10, 7.2.2.1.2.1.5), 7.3.2a.1.2.1.7, 
7.3.2a.2.2.1.5, 7.3.2a.5.2.5, 7.4.2.1.2.1.7, 7.4.2.2.2.1.71, 7.5.1b.7, 7.5.2a.5.4, 7.5.2b.5, and 
8.1.6.1.m (Regulatory Guide 1.47), complies with the provisions set forth in this regulatory guide. 
 
 
Regulatory Guide 1.48 - DESIGN LIMITS AND LOADING COMBINATIONS FOR 

SEISMIC CATEGORY I FLUID SYSTEM    
COMPONENTS (May 1973)  

 
The design loading combinations for non-NSSS systems for Positions C.1 to C.12 are described in 
Table 3.9-6.  Operability of active pumps and valves is assured as described in Subsection 3.9.3.2. 
 
The design limits and loading combinations for seismic category I fluid system components for the 
Diesel Generator 'E' facility are in compliance with this regulatory guide. 
 
GE practice is representative of industry practice and is in general agreement with the 
requirements of Regulatory Guide 1.48 with the following clarifications: 
 
a. The probability of an OBE of the magnitude postulated for the Susquehanna SES is 

consistent with its classification as an Emergency Event.  However, for design 
conservatism, loads due to the OBE vibratory motion have been included under upset 
conditions.  Loads due to the OBE vibratory motion plus associated transients, such as 
turbine trip, have been considered in the equipment design under emergency conditions 
consistent with the probability of the OBE occurrence. 

b. The use of increased stress levels for Class 2 components is consistent with industry 
practice as specified in ASME B&PV Code Section III. 

 
For a comparison of NSSS compliance with Regulatory Guide 1.48 see Table 3.13-1.  This 
comparison reflects a GE practice on BWR 4's and 5's and therefore, is applicable to the 
Susquehanna SES (see Subsections 3.9.2 and 3.9.3). 
 
 
Regulatory Guide 1.49 - POWER LEVELS OF NUCLEAR POWER PLANTS 

(Revision 1, December 1973)  
 
Regulatory Guide 1.49 states, in part, 
 

Anaylses and evaluation in support of the application should be made at an assumed core 
power level equal to 1.02 times the proposed licensed power level. . . for (a) normal 
operating conditions, (b) transient conditions anticipated during the life of the facility. . . and 
(c) accident conditions necessary to evaluate the adequacy of structures, systems and 
components provided for the prevention of accidents and the mitigation of the 
consequences of accidents. 

 
Fuel dependent analyses include the effects of a 2 percent power uncertainty factor discussed in 
Regulatory Guide 1.49.  Most of the analyses were performed at 100% power level and the impact 
of the two percent power uncertainty factor is accounted for either statistically or through the 
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inherent conservatism of the methodology.  For three of the analyses, ASME over-pressurization 
(Section 5.2), loss of feedwater flow (Section 15.2.7), and LOCA-ECCS analyses (Section 6.3.3), 
the effects of the 2 percent power uncertainty factor are not directly included in methodology used 
for the analyses.  Therefore, these analyses were performed at 102% of CPPU rated power to 
account for the 2 percent power uncertainty factor.  Non-fuel dependent analysis power levels 
include a two percent power uncertainty factor unless a smaller value is specifically justified or the 
uncertainty is accounted for in the analysis methods.  Additionally, Regulatory Guide 1.49 does not 
apply to some events that have been historically analyzed from nominal initial conditions, which 
include the Anticipated Transient Without Scram (section 15.8) and Station Blackout (section 15.9) 
events. 
 
Thus, the SSES units continue to meet the intent of the Guide, which is to assure that all design 
calculations are performed at the highest possible power level that the plant can be operating. 
 
 
Regulatory Guide 1.50 - CONTROL OF PREHEAT TEMPERATURE FOR 

WELDING OF LOW-ALLOY STEEL (May 1973)  
 
The control of preheat temperature for welding of low-alloy steel is described in 
Subsection 5.2.3.3.2.1. 
 
 
Regulatory Guide 1.51 - INSERVICE INSPECTION OF ASME CODE CLASS 2 

AND 3 NUCLEAR POWER PLANT COMPONENTS  
 
Withdrawn July 15, 1975. 
 
 
Regulatory Guide 1.52 - DESIGN, TESTING, AND MAINTENANCE CRITERIA 

FOR ENGINEERED SAFETY FEATURE ATMOSPHERE 
CLEANUP SYSTEM AIR FILTRATION AND 
ADSORPTION UNITS OF LIGHT WATER COOLED 
NUCLEAR POWER PLANTS                             
(Revision 1, July 1976 and Revision 2, March 1978)  

 
The filter adsorber systems are designed to mitigate exposures resulting from a design basis 
accident.  The Control Structure Emergency Outside Air Supply System (CSEOASS) and the 
Standby Gas Treatment System (SGTS) are the only systems that are subject to the requirements 
of this regulatory guide. 
 
Subject to the clarifications and/or exceptions indicated below, the general intent of this regulatory 
guide has been met by the current design of the plant.  Items (1) through (10) and (13) apply to 
Revision 1 and items (11) and (12) apply to Revision 2 of the Regulatory Guide 1.52. 
 
(1) Reference:  Position C.2.a.  Moisture separators are used only where moisture 

impingement may be a problem.  The SGTS is the only system with moisture separators.  
Heaters are used on both systems (SGTS and CSEOASS) to control humidity before 
filtration. 
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(2) Reference:  Position C.2.d.  Devices, such as pressure relief valves, are not used on either 
the CSEOASS or SGTS.  Neither filtration system is subject to containment pressures 
(internal or external) or hazardous pressure surges. 

(3) Reference:  Position C.2.g.  The pertinent pressure drop which is instrumented to signal, 
alarm, and record in the control room is the pressure drop across the first HEPA filter.  The 
SGTS also alarms on high differential pressure across the entire filter system.  The flow 
rate and low flow alarm also indicate proper functioning of the fan. 

 
(4) Reference:  Position C.2.i.  Overall design considerations include reduction of radiation 

exposures during routine maintenance and testing insofar as effectually possible.  It is 
envisioned, however, that workers will not handle filter units after a design basis accident 
and will thereby avoid exposures associated with immediate post-accident filter handling.  
Accordingly, no efforts were made toward a unitized atmosphere cleanup train design in the 
interest of accident exposure reduction. 

 
(5) Reference:  Position C.3.d.  Since none of the HEPA filters separators are exposed to 

potential iodine removal spray, the units are not designed for contact with the spray.  
The referenced military standards (MIL-F-51068C and MIL-F-51079A) have been 
deleted, but represent acceptable standards for installed (or previously purchased) 
HEPA filters.  New HEPA filters will meet the standards presented in ASME AG-1-1997. 

 
(6) Reference:  Position C.3.e through C.3.h.  In these sections and all others where reference 

is made to ORNL-NSIC-65, the reference is understood to be to ERDA 76-21 or ANSI 
N509 where appropriate. 

 
(7) Reference:  Position C.3.i.  The adsorber beds are designed for 2.5 mg of iodine (both 

stable and radioactive) per gram of activated carbon averaged over the bed depth.  This is 
consistent with the background information.  Each replacement batch of impregnated, 
activated carbon shall meet the qualification and batch test results summarized in Table 5-1 
of ANSI N509-1980, rather than those of Table 2 in Regulatory Guide 1.52, Revision 1, 
except that the 350 ft3 batch size limit specified in Table 2 shall be retained. 

 
(8) Reference:  Position C.3.k.  All systems are designed for low flow in order to control 

temperature rise.  Oxidation effects are considered.  A water spray system, provided only to 
minimize property loss in the event of fire, is designed for the control structure OA supply 
units, to extinguish a fire by flooding the adsorber units.  The fire extinguishing system in 
the SGTS filter, sprays large quantities of water over the charcoal adsorber, until the 
charcoal temperature drops below its ignition temperature.  The water is removed from the 
SGTS housing through automatic drain valves.  The sprays or quenches are not provided 
for prevention of fire inception. 

 
(9) Reference:  Positions C.4.c and C.4.d.  The spacing requirement is applicable to systems 

requiring operator access to remove filters and adsorber trays.  Where unnecessary, the 
space is not provided, e.g., gasketless carbon absorbers which are filled and emptied 
externally. 

 
(10) Reference:  Position C.4.d.  The length of pipe associated with manifolding would promote 

plate-out of the constituents of the sampled gas stream, thereby resulting in erroneous test 
results.  The test probes are located in readily accessible locations; a minimum run of 
piping is used and manifolding is not employed. 
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(11) Reference:  Positions C.5.a, C.5.c and C.5.d - In-place testing criteria identified in 
Paragraph C.5.a, C.5.c and C.5.d of Rev. 2 dated March, 1978 of the Regulatory Guide 
1.52 are implemented, however, the testing frequency for C.5.c is 24 months rather than 
18 months. 

 
(12) Reference:  Positions C.6.a and C.6.b - Laboratory Testing Criteria for activated carbon 

identified in Paragraph C.6.a and C.6.b of Rev. 2 dated March, 1978 of the Regulatory 
Guide 1.52 are implemented  with the following exceptions: 

 
a. Representative samples of used activated carbon will be tested at ≤30°C and ≥70% 

relative humidity and in accordance with ASTM D3803-89. 
 
b. New activated carbon will meet the performance requirements and physical 

property specifications given in Table 5-1 of ANSI N509-1980. 
 

Note: Table 6.5-2 provides details of how various positions (C1 to C4) of Revision 0 of 
Regulatory Guide 1.52 are met in the design of SGTS and CSEAOSS. 

 
(13) Reference: Position C.4.e.  The frequency and duration of operating the cleanup train with 

the heater in operation is in accordance with the Plant Technical Specifications and 
Surveillance Requirements.  

 
 
Regulatory Guide 1.53 - APPLICATION OF THE SINGLE-FAILURE CRITERION 

TO NUCLEAR POWER PLANT                     
PROTECTION SYSTEMS (June 1973)  

 
The Susquehanna SES complies with this guide in the design of protection, safeguards actuation, 
and Class 1E electrical systems.  Related considerations pertaining to cable separation and 
associated circuits are considered in the discussion of Regulatory Guide 1.75 and environmental 
considerations in the discussion of Regulatory Guide 1.89. 
 
 
Regulatory Guide 1.54 - QUALITY ASSURANCE REQUIREMENTS FOR 

PROTECTIVE COATINGS APPLIED TO WATER 
COOLED NUCLEAR POWER PLANTS (June 1973)  

 
For the non-NSSS scope of supply, a quality assurance program for coatings was in compliance 
with this regulatory guide. 
 
For the NSSS scope of supply, the quality assurance records requirements in this regulatory guide 
were not imposed on painting material and paint application for Susquehanna SES since these 
coatings cover a relatively small exposed surface area. 
 
 
Regulatory Guide 1.55 - CONCRETE PLACEMENT IN CATEGORY I 

STRUCTURES (June 1973)  
 
Concrete placement in Seismic Category I structures is in accordance with the regulatory positions 
of this guide as described in Appendix 3.8B. 
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Concrete placement for the Diesel Generator 'El Building is in accordance with ACI 349, "Code 
Requirements for Nuclear Safety-Related Concrete Structures" and ANSI N45.2.5 "Supplementary 
Quality Assurance Requirements for Installation, Inspection and Testing of Structural Concrete and 
Structural Steel During the Construction Phase of Nuclear Power Plants." 
 
 
Regulatory Guide 1.56 - MAINTENANCE OF WATER PURITY IN BOILING 

WATER REACTORS (June 1973)  
 
GE Report, NEDO-10899, "Chloride Control in BWR Coolants," establishes General Electric's 
position on water purity. 
 
 
Regulatory Guide 1.57 - DESIGN LIMITS AND LOADING COMBINATIONS FOR 

METAL PRIMARY REACTOR CONTAINMENT     
SYSTEM COMPONENTS (June 1973)  

 
The primary containments for Susquehanna SES are reinforced concrete structures.  Nonetheless, 
the provisions of this regulatory guide are applicable to the following components of each 
containment: 
 

1) Equipment hatch with personnel lock 
 

2) Equipment hatch 
 

3) Drywell head assembly 
 

4) CRD removal hatch 
 

5) Suppression chamber access hatches 
 

6) Pipe and electrical penetrations 
 
These items were designed in accordance with the ASME Boiler and Pressure Vessel Code, 
Section III, Subsection NE, for Class MC components, the 1971 Edition with addenda through 
Summer 1972.  Allowable stress limits used for the design are in conformance with Regulatory 
Guide 1.57, Paragraph C.1.d and the ASME Boiler and Pressure Vessel Code, Section III, 
Subsection NE-3131.2 as specified in the Winter 1973 Addenda.  A detailed discussion of these 
design features is contained in Subsection 3.8.2. 
 
 
Regulatory Guide 1.58 - QUALIFICATIONS OF NUCLEAR POWER PLANT 

INSPECTION, EXAMINATION, AND TESTING 
PERSONNEL (Revision 1, September 1980)  

 
The Quality Assurance Program for the construction of Susquehanna SES is described in the 
PSAR, Appendix D and amendments.  Compliance of the Operational Quality Assurance Program 
with this guide is discussed in Section 17.2. 
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Regulatory Guide 1.59 - DESIGN BASIS FLOODS FOR NUCLEAR POWER 
PLANTS (Revision 2 August 1977)  

 
The design basis flood, discussed in Section 2.4, is determined in accordance with the regulatory 
positions of this guide. 
 
 
Regulatory Guide 1.60 - DESIGN RESPONSE SPECTRA FOR SEISMIC DESIGN 

OF NUCLEAR POWER PLANTS                        
(Revision 1, December 1973)  

 
The design response spectra used in the analysis of Susquehanna SES, except the Diesel 
Generator 'E' facility, are different from those of the regulatory guide.  A detailed discussion of the 
design response spectra is presented in Subsection 3.7b.1. 
 
 
Regulatory Guide 1.61 - DAMPING VALUES FOR SEISMIC DESIGN OF 

NUCLEAR POWER PLANTS (October 1973)  
 
The damping values used in the original seismic design of Susquehanna SES, except the Diesel 
Generator 'E' facility, are different from the regulatory guide.  A detailed discussion of the damping 
values is presented in Subsection 3.7b.1.  For snubber elimination or other piping modifications, 
damping values from this Regulatory Guide may be used. 
 
 
Regulatory Guide 1.62 - MANUAL INITIATION OF PROTECTIVE ACTIONS 

(October 1973)  
 
The provisions for manual initiation of protective actions are described in Subsections 7.2.2.1.2.1.7, 
7.2.4.1.1.2.2.4, 7.3.2a.1.2.1.9, 7.3.2a.2.2.1.7, 7.3.2a.5.2.7, 7.4.2.1.2.1.9, 7.4.2.2.2.1.9, 7.6.1b.3.1 
and 8.1.6.1.0. 
 
 
Regulatory Guide 1.63 - ELECTRIC PENETRATION ASSEMBLIES IN 

CONTAINMENT STRUCTURES FOR WATER COOLED 
NUCLEAR POWER PLANTS (Revision 1, May 1977)  

 
Since the construction permit for Susquehanna SES was issued in November 1973, the provisions 
of Revision 1 to this regulatory guide (which supplements IEEE 317-1976) were not specifically 
considered in the design of Susquehanna SES.  The design of the electric penetration assemblies 
is therefore in compliance with Regulatory Guide 1.63 dated October 1973 (which supplements 
IEEE 317-1972).  Specifically, Sections 4.2.3, 4.2.4, 5.1.6, 5.2.2, 6.2, 6.3.3, and 6.4 of IEEE 
317-1976 have not been incorporated. 
 
The penetration assemblies are type tested.  There are no provisions for periodic testing under 
simulated fault conditions. 
 
Electrical penetration circuits are summarized as follows: 
 
1. 480 Volt Circuits 
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 Loads powered from 480 volt motor control centers are supplied via electrical penetrations 
equipped with #4 awg, #10 awg, or 4/0 awg copper conductors.  Typical single line 
diagrams for each penetration conductor size are shown on Figure 3.13-1. 

 
 Overcurrent protection for penetrations considers both connected load characteristics and 

penetration time-current capabilities in accordance with the following guidelines: 
 

a. 480V motor, less than 1.5 hp (Figure 3.13-2A) 
 

1. Penetration conductor #10 awg 
 

2. Overcurrent protection redundant, adjustable, magnetic only circuit breakers 
with a maximum setpoint of 45 amperes and a minimum setpoint which 
exceeds 200% of the motor locked rotor current. 

 
b. 480V motor, 10 hp or less (Figure 3.13-2B) 

 
1. Penetration conductor #10 awg 

 
2. Overcurrent protection redundant, fixed, thermal magnetic circuit breakers 

with a maximum thermal trip rating of no more than 40 amperes and a 
minimum thermal trip rating which exceeds 200% of the motor full load 
current. 

 
c. 480V motor, 10.1 to 20 hp (Figure 3.13-3) 

 
1. Penetration conductor #4 awg 

 
2. Overcurrent protection redundant, fixed, thermal magnetic circuit breakers 

with a maximum thermal trip rating of no more than 100 amperes and a 
minimum thermal trip rating which exceeds 200% of the motor full load 
current. 

 
d. 480V non-motor loads (presently only non-motor loads are hydrogen recombiners.) 

 
1. Penetration conductor 4/0 awg (Figure 3.13-8) 

 
2. Overcurrent protection-redundant, fixed thermal magnetic circuit breakers 

with a maximum thermal trip rating of no more than 150 amperes and a 
minimum thermal trip rating which exceeds 150% of the connected load full 
load current. 

 
 Credit is not taken for penetration protection provided by other overload detectors, such as, 

motor overloads shown in Figure 3.13-1.  Penetration seal withstand curves 
(Figures 3.13-2, 3.13-3, and 3.13-8) apply for the condition when mechanical seal integrity 
is maintained, but electrical integrity may be comprised. 

 
 Adequacy of the subject molded case circuit breaker selections are demonstrated on 

Figures 3.13-2, 3.13-3 and 3.13-8 by showing time-current characteristic curves with the 
protective device total clearing time below, and to the left of the penetration seal withstand 
curve. 
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2. 120 Volt AC Control Circuits 
 
 There are two types of 120 volt AC control circuits to be considered: (1) circuit powered by 

a control transformer located in an MCC cubicle and (2) circuit powered by a 120 volt AC 
instrument distribution panel (see Figure 3.13-4). #14 AWG is the minimum size used for 
control circuits. 

 
a. The motor control circuits are powered by control transformers located in the 

respective MCC cubicles.  Control transformers are sized to meet the requirement 
of the control circuit (one for each starter).  Typically a 120 VA control transformer is 
used with a NEMA Size 1 starter and a 200 VA is used with a NEMA Size 2 starter.  
The largest control transformer used in connection with a penetration is 350 VA.  
The maximum short circuit current that can be delivered by a 350 VA transformer in 
a control circuit is approximately 100 amps.  A fuse, rated 3.2 amp or less, located 
in the respective MCC provides the circuit protection.  Since sustained short circuit 
current will destroy the control transformer before the integrity of the penetration 
assembly is compromised, backup fuses are not utilized (refer to Figure 3.13-4). 

 
b. Control circuits that emanate from the fuse control panel will have a 10 amp or 

lower rated fuse at the panel and as a back-up breaker either an identical fuse in 
series or a breaker in the 120 V instrument AC distribution panel. 20 amp or smaller 
breaker or fuse will be used for backup protection (refer Figure 3.13-4).  All breakers 
shown in Figure 3.13-4, Case 2, are molded case and self-actuated (short circuit 
current trip with manual closing). 

 
3. 125 VDC Control Circuits 
 

Each 125 VDC control circuit is protected by a 20 amp or smaller fuse located in a control 
panel with back-up protection provided by a 20 amp breaker (ITE type E) in the dc 
distribution panel.  The mechanical integrity of the penetration assembly is maintained 
under overload or faults conditions (refer to Fig. 3.13-5). 

 
4. 120 Volt Lighting and Space Heater Circuits 
 
 Mechanical integrity of all 120 V lighting and space heater circuits is maintained under 

overload or fault condition.  Each type of circuit is discussed below: 
 

a. Each 120 V lighting circuit is provided with a 20 amp breaker with back-up 
protection of a 50 amp breaker as shown on Fig. 3.13-6. 

 
b. Each 120 V motor (except reactor recirc pump motor) or motor operated valve 

(MOV) space heater is provided with a 20 amp or smaller fuse protection.  Backup 
protection is provided by a 20 amp or smaller breaker located in a lighting panel 
(see 4(a) of above). 

 
c. Each of the 120 V space heater circuits for the reactor recirc pump motors is 

provided with a 40 amp breaker as the primary protection.  Backup protection is 
provided by a 50 amp breaker located in a 280/120 V lighting panel. 
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5. Medium Voltage Circuits (above 480 volt) 
 
 The only medium voltage equipment located inside the containment are two variable 

frequency reactor recirc. pump motors.  These two recirc. pump motors are fed by two 
independent 13.8 kV M-G (motor-generator) sets with the generator output rated at 3,920 
volts.  The M-G sets are located in the turbine building.  A calculated M-G set generator 
decrement curve together with the penetration cable thermal curves is shown on 
Figure 3.13-7.  The maximum short circuit current that can be produced by the generator is 
7000 amp asymmetrical.  Figure 3.13-7 shows that a line-to-line short circuit (across lines 
which do not furnish input power to the voltage regulator) of about 6,000 amps can be 
sustained if the generator field breaker and the main feeder to the M-G set drive motor are 
not tripped.  However, the existing protection schemes have redundant detection devices 
and redundant protection devices for the penetration circuits.  In addition, redundant Class 
1E overcurrent protection is provided (one overcurrent relay for each Recirculation Pump 
Trip (RPT) breaker).  This protection scheme ensures that the fault current would be 
cleared before any damage.  Therefore, as shown by Figure 3.13-7, the mechanical 
integrity of the penetration assembly is maintained under the most severe fault condition. 

 
6. Instrumentation Circuits 
 
 The instrumentation circuits are low level signal circuits (ma or mv range) such as 

thermocouples, RTD, etc.  These circuits are current limiting.  In addition, instrument cables 
are not routed with any other types of circuits in the same raceway.  Therefore, backup 
protection is not needed. 

 
 The requirement for periodic testing and inspecting of fuses, breakers, and containment 

circuit protection schemes are stated in SSES Technical Requirements Manual.  
Requirements for back-up penetration circuit protection are met. 

 
 
Regulatory Guide 1.64 - QUALITY ASSURANCE REQUIREMENTS FOR THE 

DESIGN OF NUCLEAR POWER PLANTS        
(Revision 2, June 1976)  

 
The quality program for the design for the Susquehanna SES is described in PSAR Appendix D 
and amendments.  Compliance of the Operational Quality Assurance Program with this regulatory 
guide is described in Section 17.2. 
 
 
Regulatory Guide 1.65 - MATERIALS AND INSPECTIONS FOR REACTOR 

VESSEL CLOSURE STUDS (October 1973)  
 
Subsections 5.2.4 and 5.3.1.7 describe the materials and inspections for reactor vessel closure 
studs. 
 
Operation will be conducted in accordance with this regulatory guide with the following exception: 
 

All studs will not be removed from the vessel prior to flooding the reactor cavity.  Other 
means will be employed to prevent corrosion. 
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Regulatory Guide 1.66 - NONDESTRUCTIVE EXAMINATION OF TUBULAR 
PRODUCTS (October 1973)  

 
Withdrawn September 28, 1977. 
 
 
Regulatory Guide 1.67 - INSTALLATION OF OVERPRESSURE           

PROTECTION DEVICES (October 1973)  
 
This regulatory guide is not applicable to Susquehanna SES since the main steamline safety/relief 
valves discharge into closed systems. 
 
 
Regulatory Guide 1.68 - INITIAL TEST PROGRAM FOR WATER-COOLED 

REACTOR POWER PLANTS (Revision 1,     
January 1977)  

 
Subject to the clarifications and/or exceptions indicated in Subsection 14.2.7, the provisions of this 
regulatory guide were met by the test programs instituted during the startup of each unit. 
 
The design of the A-D Diesel Generators meets the intent of this Regulatory Guide.  The applicable 
Appendix A of Regulatory Guide 1.68 provides acceptable preoperational testing criteria for 
emergency/standby AC power supplies.  These testing requirements were implemented and led to 
meeting the intent of 10CFR50, Appendix B. 
 
 
Regulatory Guide 1.68 - (TASK SC 704-5) INITIAL TEST (DIESEL GENERATOR E 

ONLY) PROGRAMS FOR WATER-COOLED NUCLEAR 
POWER PLANTS (Revision 2, August 1978)  

 
The design of the Diesel Generator "E" meets the intent of this Regulatory Guide.  This revision 
added "Emergency loads supplied should be confirmed to be in agreement with design sizing 
assumptions used for power supplies" to the applicable Appendix A, Section g(3) of Regulatory 
Guide 1.68.  Methods of control of welding, in fabricating and joining safety-related austenitic 
stainless steel components and systems, were implemented which led to meeting the intent of 
10 CFR 50, Appendix B. 
 
 
Regulatory Guide 1.68.1 - PREOPERATIONAL AND INITIAL STARTUP TESTING 

OF FEEDWATER AND CONDENSATE SYSTEMS FOR 
BOILING WATER REACTOR                                  
POWER PLANTS  (Revision 1, January 1977)  

 
The preoperational testing and initial startup testing of the feedwater and condensate systems 
associated with Susquehanna SES were conducted in accordance with the provisions of this 
regulatory guide. 
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Regulatory Guide 1.68.2 - INITIAL STARTUP TEST PROGRAM TO 
DEMONSTRATE REMOTE SHUTDOWN CAPABILITY 
FOR WATER-COOLED NUCLEAR                            
POWER PLANTS (January 1977)  

 
The portion of the initial startup test program used to demonstrate the remote shutdown capability 
of each unit was conducted in accordance with the provisions of this regulatory guide. 
 
 
Regulatory Guide 1.69 - CONCRETE RADIATION SHIELDS FOR NUCLEAR 

POWER PLANTS (December 1973)  
 
The design and placement of the concrete used for radiation shielding differs from the provisions of 
this Regulatory Guide.  The practices employed for the Susquehanna SES are described in 
Appendix 3.8B. 
 
 
Regulatory Guide 1.70 - STANDARD FORMAT AND CONTENT OF SAFETY 

ANALYSIS REPORTS FOR NUCLEAR POWER 
PLANTS-LWR EDITION (Revision 2, September 1975)  

 
The format of this FSAR complies with this regulatory guide except that replacement pages will 
contain a change indicator (vertical bar in the margin of text and table pages) and a page change 
identification consisting of a revision number.  The date of the change will not be shown on 
replacement pages.  This is consistent with the requirements of 10 CFR 50.71(e)(5). 
 
With respect to physical specifications, material submitted may be submitted on CD-ROM in 
accordance with the guidance of NRC Regulatory Issue Summary 2001-05, dated January 25, 
2001. 
 
 
Regulatory Guide 1.71 - WELDER QUALIFICATION FOR AREAS OF         

LIMITED ACCESSIBILITY  (December 1973)  
 
Exceptions are taken to this regulatory guide as specified below: 
 
(1) Reference:  Position C.l.  Performance qualifications for field personnel who weld under 

conditions of limited access, as defined in Regulatory Position C.1, are maintained in 
accordance with the applicable requirements of ASME Sections III and IX. 

 
For the welder qualifications for the reactor coolant pressure boundary, see 
Subsection 5.2.3.3.2.3. 

 
 
Regulatory Guide 1.72 - SPRAY POND PLASTIC PIPING December, 1973 
 
Plastic piping is not used in safety related applications. 
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Regulatory Guide 1.73 - QUALIFICATION TESTS OF ELECTRIC VALVE 
OPERATORS INSTALLED INSIDE THE CONTAINMENT 
OF NUCLEAR POWER PLANTS (January 1974)  

 
The requirements of this regulatory guide are met as  described  in Section 3.11. 
 
 
Regulatory Guide 1.74 - QUALITY ASSURANCE TERMS AND DEFINITIONS 

(February 1974)  
 
The Susquehanna SES construction quality program is described in PSAR Appendix D and 
amendments.  Compliance of the operational Quality Assurance Program with this guide is 
described in Section 17.2. 
 
 
Regulatory Guide 1.75 - PHYSICAL INDEPENDENCE OF ELECTRIC      

SYSTEMS (Revision 1, January 1975)  
 
A. This Regulatory Guide endorses IEEE 384-1974 subject to the additions and clarifications 

delineated in Section C of the guide.  Although there is no requirement for Susquehanna 
SES to comply with Regulatory Guide 1.75 and IEEE 384, Susquehanna SES follows this 
separation criteria, subject to the clarifications and exceptions below for the NSSS scope of 
supply.  The paragraphs below reference sections of the IEEE standard in all cases and the 
specific paragraphs of the regulatory position statement where applicable. 

 
(1) Reference: Regulatory Guide 1.75 and Section 4.5 of IEEE 384-1974 

 
Certain power cables are subject to the same requirements as a Class 1E circuit.  
This applies to derating, environmental qualification, flame retardance, splicing 
restrictions, and raceway fill. 

 
(2) Reference: Sections 4.5 and 4.6 of IEEE 384-1974 

 
 See Section 8.1.6.1 (Regulatory Guide 1.75). 

 
(3) Reference: Sections 5.1.3, 5.1.4, and 5.6.2 of IEEE 384-1974 

 
All annunciator and computer input circuits are classified as non-Class 1E circuits.  
These non-Class 1E circuits are not separated from Class 1E control circuits within 
Class 1E panels in which the non-Class 1E circuit derives its input, i.e., circuit 
breaker auxiliary contact used for computer input, etc., nor are they separated in 
PGCC cable ducts.  These non-Class 1E instrument circuits are considered to be 
low energy and the probability of these non-Class 1E circuits providing a 
mechanism of failure to the Class 1E circuits is extremely low. 

 
(4) Reference: Position C.15 of Regulatory Guide 1.75 and Section 5.3.1 of IEEE 384-1974 

 
See Section 8.1.6.1 (Regulatory Guide 1.75). 
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(5) Reference: Sections 5.6.2 and 5.6.3 of IEEE 384-1974 
 

In general, the circuits for redundant Class 1E systems and the circuits for 
non-Class 1E systems are located in separate panelboards, boxes, racks, and 
enclosures.  Panels, racks, and boxes that contain wiring and devices for Class 1E 
circuits are labeled distinctly to externally identify the separation system and 
grouping.  Internal to the enclosures, devices such as relays, switches, and 
instruments, are uniquely identified.  In addition, external cables are color coded 
and marked to be readily identifiable.  These methods of identification are described 
in Subsection 3.12.3.2. 

 
Where required, physical separation is achieved either by a minimum of 6" 
horizontal and vertical separation, steel barriers, metallic enclosures, or metallic 
flexible conduit. 

 
Where the above separation methods are not feasible, one of the separation groups 
are to be covered with one of the following qualified non-flammable materials: 

 
i. Haveg Industries, Siltemp sleeving type S or woven tape type WT65. 

 
ii. Carborundum, Fiberfrax sleeving type HP144T or woven tape type 3L144T. 

 
These materials have been qualified to be used as separation barriers (Wyle Lab. 
Test Report No. 56669 dated May, 1980).  Applications of these materials are 
controlled and documented. 

 
(6) Reference: Section 5.5 of IEEE 384-1974 

 
See Section 8.1.6.1 (Regulatory Guide 1.75). 

 
Additional information is found in Sections 7.1, 7.2, 7.3, 7.4 and 7.6 

 
B. Compliance to this Regulatory Guide for the non-NSSS scope of supply is discussed in 

Section 8.1.6.1 (Regulatory Guide 1.75), and for D/G E in Subsection 8.1.6.1.r. 
 
 
Regulatory Guide 1.76 - DESIGN BASIS TORNADO FOR NUCLEAR POWER 

PLANTS (April 1974)  
 
For all tornado-resistant structures except the Diesel Generator 'E' Building, the following 
parameters were used in lieu of those presented in Table I of this regulatory guide. 
 

Tangential speed: 300 mph 
 

Translational speed: 60 mph 
 

Rate of pressure drop: 1 psi/sec (for 3 seconds) 
 
A detailed discussion of these parameters is contained in Subsection 3.3.2. 
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The design basis tornado used for the Diesel Generator 'E' Building is in accordance with this 
regulatory guide. 
 
 
Regulatory Guide 1.77 - ASSUMPTIONS USED FOR EVALUATING A CONTROL 

ROD EJECTION ACCIDENT FOR              
PRESSURIZED WATER REACTORS (May 1974)  

 
Not Applicable. 
 
 
Regulatory Guide 1.78 - ASSUMPTIONS FOR EVALUATING THE HABITABILITY 

OF A NUCLEAR POWER PLANT CONTROL ROOM 
DURING A POSTULATED HAZARDOUS CHEMICAL 
RELEASE (Revision 1 December 2001) 

 
As described in Subsection 6.4.4.2, the steps taken to protect control room habitability conform to 
requirements of this regulatory guide. 
 
 
Regulatory Guide 1.79 - PREOPERATIONAL TESTING OF EMERGENCY CORE 

COOLING SYSTEMS FOR PRESSURIZED            
WATER REACTORS (Revision 1, September 1975)  

 
Not Applicable. 
 
 
Regulatory Guide 1.80 - PREOPERATIONAL TESTING OF INSTRUMENT         

AIR SYSTEMS (June 1974)  
 
The primary containment instrument gas system will be tested in accordance with the requirements 
of Regulatory Guide 1.80, Sections C1 through C.6.  The portions of the instrument air system 
which supply safety-related equipment will also be tested in accordance with Section C.1 through 
C.6 of the Regulatory Guide 1.80 (June, 1974).  Loss of air testing will be done in the various 
system preoperational tests.  Systems/components which have separate accumulators will be 
tested with a loss of air/gas to ensure that the accumulators function in accordance with design.  
Testing described in Regulatory Guide 1.80, Sections C7 through C10 will not be done in the 
instrument air system or primary containment gas system tests. 
 
 
Regulatory Guide 1.81 - SHARED EMERGENCY AND SHUTDOWN ELECTRIC 

SYSTEMS FOR MULTI-UNIT NUCLEAR                
POWER PLANTS (Revision 1, January 1975)  

 
The design of the standby electric power systems which use shared diesels complies with this 
Regulatory Guide by invoking the provisions of Position C.2.  See Section 8.1.6.1. 
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Regulatory Guide 1.82 - SUMPS FOR EMERGENCY CORE COOLING AND 
CONTAINMENT SPRAY SYSTEMS (June 1974)  

 
Not Applicable. 
 
 
Regulatory Guide 1.83 - IN-SERVICE INSPECTION OF PRESSURIZED WATER 

REACTOR STEAM GENERATOR TUBES            
(Revision 1, July 1975)  

 
Not Applicable. 
 
 
Regulatory Guide 1.84 - CODE CASE ACCEPTABILITY, ASME SECTION III 

DESIGN AND FABRICATION  
 
The revision date to this Regulatory Guide is intentionally not stated.  Regulatory Guide 1.84 is 
frequently revised to append new Code Cases.  No previous compliance requirements to earlier 
revisions are negated by updates to this Regulatory Guide. 
 
The Susquehanna SES for the non-NSSS scope of supply will use only those code cases listed in 
this regulatory guide.  In accordance with Section D of the Regulatory Guide, Code Cases 
approved by earlier revisions of the Regulatory Guide may have been invoked.  In addition, ASME 
Code Case N-316 and N-640 have been approved by the NRC for use at Susquehanna Steam 
Electric Station.  Should it be deemed necessary or beneficial to apply other code cases, a specific 
request shall be made to the NRC. 
 
ASME Code Case N-516-2 has been approved by the NRC for use during the second 10-year 
inspection interval at Susquehanna SES in a letter dated February 21, 2002 (Relief Request for 
Authorization to use Code Case N-516-2 as an Alternative to the ASME Code).  The use of 
Code Case N-516-2 is subject to the following three conditions and limitations: 
 
1. Performance qualifications shall be in accordance with Paragraph 3.2 in Code Case 

N-516-2, except that immediate retest following a failed mechanical bend test shall 
be in accordance with ASME, Section IX, QW-320. 

 
2. Procedure qualification shall be in accordance with Paragraph 3.1 in 

Code Case N-516-2.  The Alternative Procedure Qualification Requirements 
of Paragraph 5.0 shall not be used except as noted in Paragraph 4.(b)(4) for 
the additional requirements for qualification of filler metal. 

 
3. When welding is to be performed on high neutron fluence Class 1 material, 

then a mockup, using material with similar fluence levels, should be welded 
to verify that adequate crack prevention measures were used. 

 
The NSSS scope of supply procedure for meeting the regulatory requirements is to obtain NRC 
approval for code cases applicable to Class I components only.  Approval of code cases for 
Class 2 and 3 equipment was not required at the time of the design of the Susquehanna SES, and 
is not currently required by 10CFR50.55a.  Therefore, GE believes that this procedure in 
conjunction with 10CFR50APPB and other regulatory requirements provide adequate assurance of 
quality in the design and fabrication of safety-related equipment (see Subsection 5.2.1.2). 
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Regulatory Guide 1.85 - CODE CASE ACCEPTABILITY, ASME SECTION III 
MATERIALS  

 
The revision date to this Regulatory Guide is intentionally not stated.  Regulatory Guide 1.85 is 
frequently revised to append new code cases, no previous compliance requirement to earlier 
revisions are negated by updates to this Regulatory Guide.  The Susquehanna SES for non-NSSS 
scope of supply will use only those code cases listed in this regulatory guide.  In accordance with 
Section D of the Regulatory Guide, Code Cases approved by earlier revisions of the Regulatory 
Guide may have been invoked.  In addition, ASME Code Case 1481-1 has been approved by the 
NRC for use at Susquehanna Steam Electric Station.  Should it be deemed necessary or beneficial 
to apply other code cases a specific request shall be made to the NRC. 
 
The NSSS scope of supply procedure for meeting the regulatory requirements is to obtain NRC 
approval for code cases applicable to Class 1 components only.  Approval of code cases for 
Class 2 and 3 equipment was not required at the time of the design of the Susquehanna SES, and 
is not currently required by 10CFR50.55a.  Therefore, GE believes that this procedure in 
conjunction with 10CFR50APPB and other regulatory requirements provide adequate assurance of 
quality in the materials of safety-related equipment (see Subsection 5.2.1.2). 
 
 
Regulatory Guide 1.86 - TERMINATION OF OPERATING LICENSES FOR 

NUCLEAR REACTORS (June 1974)  
 
The Susquehanna SES will comply with this regulatory guide. 
 
 
Regulatory Guide 1.87 - CONSTRUCTION CRITERIA FOR CLASS 1 

COMPONENTS IN ELEVATED TEMPERATURE 
REACTORS (Supplement to ASME Section III Code 
Cases 1592, 1593, 1594, 1595, 1596)      
(Revision 1, June 1975)  

 
Not Applicable. 
 
 
Regulatory Guide 1.88 - COLLECTION, STORAGE, AND MAINTENANCE OF 

NUCLEAR POWER PLANT QUALITY ASSURANCE 
RECORDS  (Revision 2, October 1976)  

 
The quality assurance program for the construction of the Susquehanna SES is described in the 
PSAR, Appendix D and amendments.  Compliance of the Operational Quality Assurance Program 
with this guide is described in Section 17.2. 
 
 
Regulatory Guide 1.89 - QUALIFICATION OF CLASS 1E EQUIPMENT FOR 

NUCLEAR POWER PLANTS (November 1974)  
 
For the non-NSSS scope of supply, the degree of compliance with this regulatory guide and 
justification for any exceptions to this guide are provided in Section 3.11. 
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For the NSSS scope of supply, see Subsections 3.9.2.2a.2.7, 3.9.2.2a.2.9, 3.11.2, 7.2.2.1.2.1.11, 
and 7.3.2a.2.2.1.10. 
 
 
Regulatory Guide 1.90 - IN-SERVICE INSPECTION OF PRESTRESSED 

CONCRETE CONTAINMENT STRUCTURES WITH 
GROUTED TENDONS (Revision 1, August 1977)  

 
Not Applicable. 
 
 
Regulatory Guide 1.91 - EVALUATION OF EXPLOSIONS POSTULATED TO 

OCCUR ON TRANSPORTATION ROUTES NEAR 
NUCLEAR POWER PLANT SITES (January 1975)  

 
An examination of the historical data for the surface transportation of explosive material near the 
Susquehanna SES indicates that the commercial truck and rail transportation routes are farther 
from the station's vital structures than the distances delineated in Figure 2 of this regulatory guide 
for plants situated in Tornado Region 1, as defined in Regulatory Guide 1.76.  Although the closest 
point of approach from the Susquehanna River to the vital structures of the Susquehanna SES is 
less than the distance specified in this regulatory guide for the largest probable quantity of 
explosive material transported by ship (i.e., 5,000 tons of TNT), the Susquehanna River is not 
commercially navigable for purposes of transporting large quantities of explosives.  Therefore, this 
type of accident is not considered to be probable enough to evaluate. 
 
 
Regulatory Guide 1.92 - COMBINING MODAL RESPONSES AND SPATIAL 

COMPONENTS IN SEISMIC RESPONSE ANALYSIS 
(Revision 1, February 1976)  

 
Since the construction permit for the Susquehanna SES was issued in November 1973, the 
methods of combining modal responses and spatial components in seismic response analysis, as 
described in this regulatory guide, were not specifically considered in the original design, except for 
the Diesel Generator 'E' facility.  The methods of design and analysis for structures, components, 
and piping systems that have been employed are described in Sections 3.7a, 3.7b, and 3.9.   
 
Regulatory Guide 1.92 shall be invoked for the analysis of snubber elimination or other piping 
modifications whenever Code Case N-411 or Regulatory Guide 1.61 damping values are used. 
 
 
Regulatory Guide 1.93 - AVAILABILITY OF ELECTRIC POWER SOURCES 

(December 1974)  
 
Compliance with this guide is discussed in Subsection 8.1.6.1.u. 
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Regulatory Guide 1.94 - QUALITY ASSURANCE REQUIREMENTS FOR 
INSTALLATION, INSPECTION, AND TESTING OF 
STRUCTURAL CONCRETE AND STRUCTURAL STEEL 
DURING THE CONSTRUCTION PHASE OF      
NUCLEAR POWER PLANTS (Revision 1, April 1976)  

 
The quality assurance program for the construction of Susquehanna SES is described in the 
PSAR, Appendix D and amendments.  Compliance of the Operational Quality Assurance Program 
with this guide is described in Section 17.2. 
 
 
Regulatory Guide 1.95 - PROTECTION OF NUCLEAR POWER PLANT CONTROL 

ROOM OPERATORS AGAINST AN              
ACCIDENTAL CHLORINE RELEASE (February 1975)  

 
This regulatory guide was superceded by Revision 1 of Regulatory Guide 178. 
 
 
Regulatory Guide 1.96 - DESIGN OF MAIN STEAM ISOLATION VALVE LEAKAGE 

CONTROL SYSTEMS FOR BOILING WATER REACTOR 
NUCLEAR POWER PLANTS (Revision 1, June 1976)  

 
Subject to the clarification indicated below, the provisions of this regulatory guide are met by the 
current plant design. 
 
(1) Reference:  Appendix A, Paragraph 6.  The design and inspection of this portion of the 

leakage control system is in accordance with the provisions of Section XI of the ASME 
Boiler and Pressure Vessel Code.  The 100% volumetric inspection of this portion of the 
system is specifically exempted from the requirement for volumetric inspection by 
paragraph IWB-1220(a) of Section XI of the ASME Boiler and Pressure Vessel Code 
(Summer 1975 Addenda). 

 
Note:  MSIV-LCS information maintained here for historical purposes.  The MSIV-LCS has been 
deleted.  The function is now performed by the Isolated Condenser Treatment Method 
(Section 6.7), approved by the NRC as an alternative. 
 
 

Regulatory Guide 1.97            - INSTRUMENTATION FOR LIGHT WATER COOLED 
NUCLEAR POWER PLANTS TO ASSESS PLANT 
CONDITIONS DURING AND FOLLOWING AN ACCIDENT 
(Revision 2, December 1980)                                               

 
The accident monitoring instrumentation was designed prior to this Regulatory Guide being issued.  
The instrumentation for accident monitoring has not been evaluated against Revision 1 to the 
Regulatory Guide.  With the exception of the item discussed below, our position on Revision 2 to 
the Regulatory Guide is provided in PLA-965, dated November 13, 1981.  Compliance is described 
in more detail in the applicable sections of Chapter 7. 
 
The instrumentation for accident monitoring is not specifically identified on the control panels.  The 
control panel layouts and instrument identification at Susquehanna SES are based on good human 
factors engineering for the presentation of information to the control room operator.  The 
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Susquehanna SES Detailed Control Room Design Review validated our choice of instrument 
identification scheme.  That review indicated that the use of redundant labeling as would have 
been required to specifically identify accident monitoring equipment would serve to confuse and 
distract operator performance rather than enhance it. 
 
Subject to the clarifications delineated in PLA-2222, the exception above and the exceptions 
discussed in FSAR section 7.1.2.6.21, the provisions of this regulatory guide are met. 
 
 
Regulatory Guide 1.98 - ASSUMPTIONS USED FOR EVALUATING THE 

POTENTIAL RADIOLOGICAL CONSEQUENCES OF A 
RADIOACTIVE OFFGAS SYSTEM FAILURE IN A 
BOILING WATER REACTOR (March 1976)  

 
Subject to the clarifications or exceptions indicated below, the assumptions of Regulatory 
Guide 1.98 are followed in the analyses of the offgas system failure in Subsection 15.7.1. 
 
(1) Reference:  Position C.4.a.  Dose consequences are expressed in terms of REM TEDE.  

Dose conversion factors are given in Appendix 15B. 
 
 
Regulatory Guide 1.99 - RADIATION EMBRITTLEMENT OF REACTOR     

VESSEL MATERIALS (Revision 2, May 1988)  
 
The methods of Regulatory Guide 1.99, Revision 2 are followed in the analyses of reactor pressure 
vessel fracture toughness in Subsection 5.3. 
 
 
Regulatory Guide 1.100 - SEISMIC QUALIFICATION OF ELECTRIC EQUIPMENT 

FOR NUCLEAR POWER PLANTS (March 1976)  
 
The implementation paragraph of this regulatory guide states that the requirements of the position 
statements will only be applied to plants that received construction permits after November 16, 
1976.  The Construction Permit for Susquehanna SES was issued in November 1973 and 
therefore the guidelines of this regulatory guide were not utilized in the design of this nuclear power 
station.  However, PP&L conducted a reassessment of the original equipment qualification using 
the criteria contained in Regulatory Guide 1.100, Rev. 1. 
 
Seismic qualification of the safety related electric equipment (non-NSSS scope of supply) has been 
conducted in accordance with the IEEE Standard 344-1971.  Section 3.10 describes the complete 
qualification methods and procedures that have been utilized. 
 
The safety-related electric equipment (NSSS scope of supply) meets IEEE 323-1971 and 
IEEE 344-1971. 
 
The Diesel Generator 'E' facility is in accordance with Regulatory Guide 1.100, Rev. 1 and IEEE 
Standard 344-1975. 
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Regulatory Guide 1.101 - EMERGENCY PLANNING FOR NUCLEAR POWER 
PLANTS (Revision 3, August 1992)  

 
The Susquehanna Emergency Plan complies with the provisions of this regulatory guide. 
 
 
Regulatory Guide 1.102 - FLOOD PROTECTION FOR NUCLEAR POWER  

PLANTS (Revision 1, September 1976)  
 
The present design of the Susquehanna SES complies with the provisions of this regulatory guide. 
 
 
Regulatory Guide 1.103 - POST-TENSIONED PRESTRESSING SYSTEMS FOR 

CONCRETE REACTOR VESSELS AND 
CONTAINMENTS (Revision 1, October 1976)  

 
Not Applicable. 
 
 
Regulatory Guide 1.104 - OVERHEAD CRANE HANDLING SYSTEMS FOR 

NUCLEAR POWER PLANTS (February 1976)  
 
Subject to the clarifications and exceptions indicated below, the safety related overhead crane 
handling systems of this station comply with the provisions of this regulatory guide. 
 
(1) Reference:  Position C.1.b(2).  The nil-ductility transition temperature for the structural steel 

associated with the cranes was not determined as suggested by this position.  Position 
C.1.b(3) states that a cold proof test represents an acceptable alternative to the 
requirements of Position C.1.b(2).  Accordingly, a cold proof test will be performed in 
accordance with the general procedures and testing frequency suggested in Position C.4.d 
except as modified in Item 7 below. 

 
(2) Reference:  Position C.3.f.  The paragraph states that "The fleet angles between individual 

sheaves for rope should not exceed 1 1/2 degrees.,” however, the fleet angles for the 
cranes that have been purchased for the Susquehanna SES are 3 degrees 7 minutes. 

 
 This position also states that "the pitch diameter of the lead sheave should be 30 times the 

rope diameter for the 180-degree reverse bend, 26 times the rope diameter for running 
sheaves and drum,...".  The pitch diameter of the running sheaves is 24 times that of the 
wire rope diameter. 

 
 Consistent with established industry standards and in light of the limited number of loading 

cycles, the present design is acceptable. 
 
(3) Reference:  Position C.3.g.  This position states that the head block, rope reeving system 

and load block should be subjected to a load test of 200 percent of the design rated load.  
No such test has been specified for these components.  ANSI Standard B30.2 allows for a 
125 percent load test of these components and the purchase orders for these cranes have 
so specified this type of test. 
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(4) Reference:  Position C.3.j.  This position suggests that the designer should provide means 
within the reeving system located on the head or on the load block combinations to absorb 
or control the kinetic energy of rotating machinery prior to the incident of two blocking or 
load hangup.  As an alternative to the regulatory position, each crane is provided with dual 
upper limit switches to preclude the possibility of a "two block" occurrence and an overload 
switch combined with overcurrent and rate of current rise cutouts to prevent a load hangup. 

 
(5) Reference:  Position C.3.p.  This paragraph states that provisions should be made for 

manual operation of the brakes. 
 
 This regulatory position has not been incorporated in that there has been no provision 

made for manual bridge and trolley holding brake operation. 
 
 The position also recommends that the trolley and bridge speeds be limited to a maximum 

speed of 30 fpm for the trolley and 40 fpm for the bridge.  The maximum speed for the 
bridge is actually 50 fpm, but the potential effects of this difference in maximum speed is 
compensated for by the substantial runway length (approximately 320 ft.) and a stepless 
type bridge speed control.  Administrative controls will be instituted to ensure that a 
maximum trolley speed of 30 fpm is used when the main hoist is loaded. 

 
(6) Reference:  Position C.4.b.  This position states that the complete hoisting machinery 

should be allowed to "two block" during the hoisting test and should also be tested for 
ability to sustain a load hangup condition.  The testing of these conditions was not specified 
in the purchasing documents for these cranes since the reeving system is not designed for 
two blocking or load hangup as indicated in Item 4 above, which describes the alternate 
design that has been incorporated in lieu of the regulatory position C.3.j. 

 
(7) Reference:  Position C.4.d.  This position states that the cold proof test should be 

performed at or below the minimum operating temperature of the structural members 
essential to the structural integrity of the crane and should use a dummy load equal to 1.25 
times the maximum working load.  It further states that "If it is not feasible to achieve the 
minimum operating temperature during the test, the dummy load should be increased 
beyond the design rated load 1.5 percent per °F temperature difference."  The minimum 
operating temperature for the cranes is 60°F and by appropriate scheduling of the cold 
proof test and adjustment of the HVAC systems, it will be attempted to maintain this 
temperature.  However, in no case will the dummy load be increased above an amount of 
125 percent of the rated load.  Crane testing in excess of 125 percent of the rated load will 
adversely affect the safety of the cranes, since any such tests may propagate undetectable 
material defects and thus increase the probability of crane component failures.  
Furthermore, such testing would violate the ANSI Standard B30.2 and Title 29CFR 
Part/1910.179(k).  This position also states that cold-proof "test frequency should be 
approximately 40 months or less ...."  The cold proof test will be conducted only once 
because the manufacturer recommends against repeatedly overloading the crane.  
Thereafter, all accessible welds whose failure could cause a critical load drop will be 
nondestructively examined every 4 years or less.  This exception is consistent with Section 
2.4 of NUREG 0554. 
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Regulatory Guide 1.105 - INSTRUMENT SPANS AND SET POINTS        
(Revision 1, November 1976)  

 
Subject to the clarifications and/or exceptions indicated below, the provisions of this regulatory 
guide are met by the current plant design. 
 
(1) Reference:  Position C.4.  The guide requires that instrumentation not exhibit certain 

mechanical characteristics during the environmental qualification tests performed in 
accordance with Regulatory Guide 1.89.  These tests have not been performed for the 
Susquehanna SES as discussed in the response to Regulatory Guide 1.89. 

 
(2) Reference:  Position C.5.  The guide requires that a securing device or equivalent be 

installed on all instrument set point mechanisms.  All set points are provided with multiturn, 
"screwdriver" adjustments that have "built-in" friction to obviate the effect of vibratory inputs. 

 
 
Regulatory Guide 1.106 - THERMAL OVERLOAD PROTECTION FOR ELECTRIC 

MOTORS ON MOTOR-OPERATED VALVES (Revision 0, 
November 1975; Revision 1, March 1977)  

 
The requirements of Revision 0, November 1975 of this regulatory guide are met for Susquehanna 
SES except for the 'E' diesel generator.  The requirements of Revision 1, March 1977 of this 
regulatory guide are met for the 'E' diesel generator.  Compliance is discussed in 
Subsection 8.1.6.1. 
 
 
Regulatory Guide 1.107 - QUALIFICATIONS FOR CEMENT GROUTING FOR 

PRESTRESSING TENDONS IN CONTAINMENT 
STRUCTURES  (Revision 1, February 1977  

 
Not Applicable. 
 
 
Regulatory Guide 1.108 - PERIODIC TESTING OF DIESEL GENERATORS USED 

AS ONSITE ELECTRIC POWER SYSTEMS AT 
NUCLEAR POWER PLANT (Revision 1,         
August 1977) (INCLUDING ERRATA, SEPTEMBER 1977) 

 
Subject to the clarifications and exceptions indicated below, the design of the diesel generators 
is in compliance with the provisions of this regulatory guide (including errata). 
 
(1)  Reference: Position C.1.b(5).  Test according to requirements in Sections 14.2 and SSES 

Technical Specifications. 
 
(2)  Reference: Position C.2.a. Exception is taken to the statement that testing of diesel 

generators occur at least once every 18 months. The 18 month requirement is 
interpreted to mean once per refueling cycle. Periodic testing is performed in accordance 
with the Technical Specifications, and the test interval may be replaced with 
performance-based, risk-informed test intervals. This statement in Regulatory Position 
C.2.a clarifies the statement in Section 6.6.2 of IEEE 387-1977 that operational tests be 
performed “at acceptable intervals.” Despite the exception to Regulatory Position C.2.a 
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of RG 1.108, exception is not being taken to the statement in Section 6.6.2 of  
IEEE 387-1977 that the testing be performed at acceptable intervals. The performance-
based, risk-informed test intervals are determined in accordance with Technical 
Specification 5.5.15 as approved by the NRC and are acceptable. 

 
 
Regulatory Guide 1.109 - CALCULATION OF ANNUAL DOSES TO MAN FROM 

ROUTINE RELEASES OF REACTOR EFFLUENTS FOR 
THE PURPOSE OF EVALUATING COMPLIANCE WITH 
10CFR50, APPENDIX I 

    (Revision 1,October, 1977)  
 
The assumptions of Regulatory Guide 1.109 are followed in the analysis of annual doses to man 
from routine releases presented in Sections 11.2 and 11.3. 
 
 
Regulatory Guide 1.110 - COSTS-BENEFIT ANALYSIS FOR RADWASTE 

SYSTEMS FOR LIGHT WATER COOLED NUCLEAR 
POWER REACTOR (March 1976)  

 
The requirements of this regulatory guide are met. 
 
 
Regulatory Guide 1.111 - METHODS FOR ESTIMATING ATMOSPHERIC 

TRANSPORT AND DISPERSION OF GASEOUS 
EFFLUENTS IN ROUTINE RELEASE FROM LIGHT 
WATER COOLED REACTORS (Revision 1, July 1977)  

 
The assumptions of Regulatory Guide 1.111 are followed in the analyses of atmospheric 
dispersion factors presented in Section 2.3 and of deposition rates presented in Section 11.3. 
 
 
Regulatory Guide 1.112 - CALCULATION OF RELEASES OF RADIOACTIVE 

MATERIALS IN GASEOUS AND LIQUID EFFLUENTS 
FROM LIGHT WATER COOLED                             
POWER REACTORS (April 1976)  

 
The requirements of Regulatory Guide 1.112 are met. 
 
 
Regulatory Guide 1.113 - ESTIMATING AQUATIC DISPERSION OF EFFLUENTS 

FROM ACCIDENTAL AND ROUTINE REACTOR 
RELEASES FOR THE PURPOSE OF       
IMPLEMENTING APPENDIX I (Revision 1, April 1977)  

 
The requirements of Regulatory Guide 1.113 are met. 
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Regulatory Guide 1.114 - GUIDANCE ON BEING OPERATOR AT THE CONTROLS 
OF A NUCLEAR POWER PLANT                           
(Revision 1, November 1976)  

 
PP&L will be in compliance with this regulatory guide. 
 
 
Regulatory Guide 1.115 - PROTECTION AGAINST LOW-TRAJECTORY    

TURBINE MISSILES (Revision 1, July 1977)  
 
Since the construction permit for the Susquehanna station was issued in November 1973, the 
methods of turbine missile protection, as described in this Regulatory Guide, were not specifically 
considered in the design.  The design methods and demonstrative analyses employed for the 
tangential turbine orientation of Susquehanna SES are described in Section 3.5. 
 
 
Regulatory Guide 1.116 - QUALITY ASSURANCE REQUIREMENTS FOR 

INSTALLATION, INSPECTION AND TESTING OF 
MECHANICAL EQUIPMENT AND SYSTEMS       
(Revision 0-R, May 1977)  

 
The Susquehanna SES quality program for construction of safety related items was conducted in 
accordance with the program described in PSAR Appendix D and amendments.  Compliance of 
the Operational Quality Assurance Program with this guide is described in Section 17.2. 
 
 
Regulatory Guide 1.117 - TORNADO DESIGN CLASSIFICATION  (June 1976) 
 
All the structures, systems, and components listed in the appendix to this regulatory guide are 
protected against the effects of tornadoes except that the spent fuel pool is only designed to 
prevent significant loss of watertight integrity caused by tornadic winds and missiles generated by 
these winds. 
 
 
Regulatory Guide 1.118 - PERIODIC TESTING OF ELECTRIC POWER AND 

PROTECTION SYSTEMS (June 1976) and (June 1978 for 
the ‘E’ Diesel Generator only)  

 
For compliance with this regulatory guide refer to Section 8.1.6.1. 
 
 
Regulatory Guide 1.119 - SURVEILLANCE PROGRAM FOR NEW FUEL 

ASSEMBLY DESIGNS (June 1976)  
 
Withdrawn June 23,1977. 
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Regulatory Guide 1.120 - FIRE PROTECTION GUIDELINES FOR NUCLEAR 
POWER PLANTS (June 1976)  

 
Regulatory Guide 1.120 was withdrawn on August 15, 2001.  Susquehanna SES is not committed 
to this Regulatory Guide.  Refer to the Fire Protection Review Report for the Susquehanna SES 
Fire Protection Program Commitments.   
 
 
Regulatory Guide 1.121 - BASES FOR PLUGGING DEGRADED PWR STEAM 

GENERATOR TUBES (August 1976)  
 
Not Applicable. 
 
 
Regulatory Guide 1.122 - DEVELOPMENT OF FLOOR DESIGN RESPONSE 

SPECTRA FOR SEISMIC DESIGN OF 
FLOOR-SUPPORTED EQUIPMENT OR    
COMPONENTS (September 1976)  

 
The methods used for developing the floor design response spectra for Susquehanna SES are in 
compliance with the positions of this regulatory guide except as follows: 
 
1. The frequencies used for the calculation of the response spectra are different and are 

described in Subsection 3.7b.2.5. 
 
2. The procedure for smoothing the spectra (broadening of peaks) is different and is 

discussed in Subsection 3.7b.2.9. 
 
The above exceptions are Not Applicable for the Diesel Generator 'E' Building where the methods 
used for developing floor response spectra are in compliance with Regulatory Guide 1.122, Rev. 1 
(February 1978). 
 
 
Regulatory Guide 1.123 - QUALITY ASSURANCE REQUIREMENTS FOR 

CONTROL OF PROCUREMENT OF ITEMS AND 
SERVICES FOR NUCLEAR PLANTS        
(Revision 1, July 1977)  

 
The Susquehanna SES quality assurance program for the construction phase is detailed in PSAR 
Appendix D and amendments.  Compliance of the operational Quality Assurance Program with this 
regulatory guide is discussed in Section 17.2. 
 
 
Regulatory Guide 1.124 - DESIGN LIMITS AND LOADING COMBINATIONS FOR 

CLASS 1 LINEAR-TYPE COMPONENT           
SUPPORTS  (November 1976)  

 
Since the construction permit for Susquehanna SES was issued in November 1973, this regulatory 
guide was not specifically considered in the design.  The methods used to determine design 
loading combinations for Susquehanna SES are described in Section 3.9. 
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Regulatory Guide 1.125 - PHYSICAL MODELS FOR DESIGN AND OPERATION OF 
HYDRAULIC STRUCTURES AND SYSTEMS FOR 
NUCLEAR POWER PLANTS (March 1977)  

 
No physical models were used during the design of Susquehanna SES. 
 
 
Regulatory Guide 1.126 - AN ACCEPTABLE MODEL AND RELATED STATISTICAL 

METHODS FOR THE ANALYSIS OF                          
FUEL DENSIFICATION (Revision 1, March 1978)  

 
This position will be supplied later. 
 
 
Regulatory Guide 1.127 - INSPECTION OF WATER-CONTROL STRUCTURES 

ASSOCIATED WITH NUCLEAR                                
POWER PLANTS (April 1977)  

 
Susquehanna SES will comply with this regulatory guide. 
 
 
Regulatory Guide 1.128 - INSTALLATION DESIGN AND INSTALLATION OF 

LARGE LEAD STORAGE BATTERIES FOR NUCLEAR 
POWER PLANTS (April 1977 and                   
October 1978 For the Diesel Generator 'E' Facility)  

 
Installation design and installation of Class 1E batteries are in compliance with this regulatory guide 
except the design ambient temperature of the battery rooms is 80°F - 5°F and 104°F (Max.) to 
65°F (Min.) for the Diesel Generator 'E' facility. 
 
 
Regulatory Guide 1.129 - MAINTENANCE, TESTING AND REPLACEMENT OF 

LARGE LEAD STORAGE BATTERIES FOR NUCLEAR 
POWER PLANTS (April 1977 and                          
February 1978 for the Diesel Generator 'E' Facility)  

 
The Susquehanna SES complies with Regulatory Guide 1.129 dated April, 1977 and February, 
1978 which invoke IEEE Std. 450-1975.  As a result of the conversion from the Current Technical 
Specification to the Improved Technical Specification, IEEE Std. 450-1995 has been established as 
the applicable IEEE standard for the Class 1E station battery maintenance, testing and 
replacement.  Compliance with Regulatory Guide 1.129 dated April, 1977 and February, 1978 
remains unchanged because the intent of Regulatory Guide 1.129 is not changed as a result of the 
commitment to IEEE Std. 450-1995. 
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Regulatory Guide 1.130 - DESIGN LIMITS AND LOADING COMBINATIONS FOR 
CLASS I PLATE AND-SHELL-TYPE                
COMPONENT SUPPORTS (July 1977)  

 
Since the construction permit for Susquehanna SES was issued in November 1973, this regulatory 
guide was not specifically considered in the design.  The methods used to determine design 
loading combinations for Susquehanna SES are described in Subsection 5.4.14. 
 
 
Regulatory Guide 1.131 - QUALIFICATION TESTS OF ELECTRIC CABLES, FIELD 

SPLICES, AND CONNECTIONS FOR 
LIGHT-WATER-COOLED NUCLEAR POWER        
PLANTS (August 1977)  

 
The electric cables, field splices, and connections for the non-NSSS scope supply are qualified in 
accordance with IEEE 383-1974.  Exceptions to the regulatory positions are as follows: 
 
(1) Paragraph C.2 - The design basis event conditions meet the most severe postulated 

conditions for Susquehanna SES.  Factors for margin given in Section 6.3.1.5 of IEEE 
323-1974 were not used. 

 
(2) Paragraph C.4 - Only one aging data point (121 C) has been applied to the cables used on 

Susquehanna SES. 
 
(3) Paragraph C.6 - Flame tests were done in accordance with IEEE 383-1974.  No tests were 

performed on aged specimen. 
 
(4) Paragraph C.10 - Gas burner position is in accordance with IEEE 383-1974. 
 
(5) Panel internal wires are not qualified to Regulatory Guide 1.131. 
 
The electric cables, field splices, and connections for the NSSS scope, of supply have not been 
evaluated against this regulatory guide. 
 
The electric cables, field splice, and connections for the Diesel Generator 'E' facility and ties to the 
transfer points in each of the Diesel Generator A-D bays are qualified in accordance with 
IEEE 383-1974.  Exceptions, to the regulatory positions are as follows: 
 
(1) Paragraph C.2 - The design basis event conditions meet the most severe postulated 

conditions for the Diesel Generator 'E' facility and Diesel Generator A/D bays.  Factors for 
margin given in Section 6.3.1.5 of IEEE 323-1974, were not used. 

 
(2) Paragraph C.6 - Flame tests were done in accordance with IEEE 383-1974.  No tests were 

performed on aged specimen. 
 
(3) Paragraph C.10 - Gas burner position is in accordance with IEEE 383-1974. 
 
(4) Paragraph C. - The gas and air pressures of Section 2.5.4.4.3 were utilized. 
 
(5) Panel internal wires are not qualified to Regulatory Guide 1.131. 
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Regulatory Guide 1.137 - FUEL-OIL SYSTEMS FOR STANDBY DIESEL 
GENERATORS (Revision 0, January 1978 for Diesels    
A-D, Revision 1, October 1979 for Diesel E)  

 
The design of diesel generators “A-D” meet the intent of the fuel oil quality and testing 
requirements in Regulatory Guide 1.137, Revision 0.  The design of the “E” diesel generator meets 
the intent of Regulatory Guide 1.137, Revision 1.  The diesel generator fuel oil storage and transfer 
system is discussed/clarified in FSAR Section 9.5.4 and the Fuel Oil Monitoring Program. 
 
 
Regulatory Guide 1.144 - AUDITING OF QA PROGRAMS (January 1979)  
 
Compliance of the Operational Quality Assurance Program with this guide is described in Section 
17.2. 
 
 
Regulatory Guide 1.145 - ATMOSPHERIC DISPERSION MODELS FOR 

POTENTIAL ACCIDENT CONSEQUENCE ASSESSMENT 
AT NUCLEAR POWER PLANTS (NOVEMBER 1982) 

 
Compliance with the Regulatory Guide and Methodology used for the Atmospheric Diffusion 
Models is described in Section 2.3. 
 
 
Regulatory Guide 1.146 - QUALIFICATION OF QA PROGRAM AUDIT  
   PERSONNEL (August 1980)  
 
Compliance of the Operational Quality Assurance Program with this guide is described in Section 
17.2. 
 
 
Regulatory Guide 1.148 - FUNCTIONAL SPECIFICATION OF ACTIVE (DIESEL 

GENERATOR E ONLY) VALVE ASSEMBLIES IN 
SYSTEMS IMPORTANT TO SAFETY IN NUCLEAR 
POWER PLANTS (March 1981)  

 
The design of the "E" Diesel Generator System meets the intent of this Regulatory Guide, which 
defines operating requirements for safety related valve assemblies.  This regulatory guide 
endorses the use of ANSI Standard N278.1-1975. 
 
 
Regulatory Guide 1.163 - PERFORMANCE-BASED CONTAINMENT         

LEAK-TEST PROGRAM (Revision 0, July 1995)  
 
Leakage rate testing of the primary containment for compliance with 10CFR50, Appendix J, 
Option B is performed in accordance with the guidance provided in this regulatory guide.  This 
regulatory guide also endorses the methodology for testing presented in NEI 94-01 and 
ANSI/ANS-56.8-1994. 
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Regulatory Guide 1.183 - ALTERNATIVE RADIOLOGICAL SOURCE TERMS FOR 
EVALUATING DESIGN BASIS ACCIDENTS AT 
NUCLEAR POWER REACTORS (JULY 2000) 

 
Regulatory positions in this guide are complied with subject to the following exceptions and 
clarifications: 
 
Reference:  Section  6.0.  An Alternative Source Term (AST) assessment was not performed for 
equipment qualification.  TID-14844, “Calculation of Distance Factors for Power and Test 
Reactor Sites,” will continue to be used as the radiation dose basis for equipment qualification 
and radiation zone maps/shielding calculations.  
 
Reference:  Section  3.3, Appendix A.  No credit is conservatively taken in the AST analyses for 
fission product reduction due to the initiation of the drywell sprays. 
 
Reference:  Section  3.4, Appendix A.  No credit is taken in the AST analyses for reduction of 
airborne radioactivity in the containment by in-containment recirculation filter systems. 
 
Reference:  Section  3.6, Appendix A.  No credit is taken in the AST analyses for reduction of 
airborne radioactivity in the containment by retention in ice condensers, or other engineering 
safety features not addressed above. 
 
Reference:  Section  3.8, Appendix A.  The primary containment is not routinely purged during 
power operations.   
 
Reference:  Section  5.4, Appendix A.   The temperature of the leakage does not exceed 212°F. 
 
Reference:  Section  7.0, Appendix A.   Primary containment purging as a combustible gas or 
pressure control measure was analyzed and not deemed to be required.  Containment purging 
capabilities are maintained for purposes of severe accident management and are not credited in 
any design basis analysis. 
 
Reference:  Sections  5.1 to 5.5, Appendix B.  Fuel handling and an equipment handling 
accidents were evaluated within the Reactor Building outside containment. 
 
Reference:  Section  2.0, Appendix C.  Postulated accident assumes fuel clad failure and fuel 
melt. 
 
Reference:  Section  3.5, Appendix C.  The MSIVs and main steam drain lines do not 
automatically trip closed following a CRDA.  The operators manually scram the reactor and 
close all MSIVs and drain line valves in the event of a main steam line radiation monitor 
(MSLRM) high-high radiation alarm in accordance with station procedures.   
 
 
Regulatory Guide 1.194 - ATMOSPHERIC RELATIVE CONCENTRATIONS FOR 

CONTROL ROOM RADIOLOGICAL ASSESSMENTS AT 
NUCLEAR POWER PLANTS (JUNE 2003)    

 
Regulatory positions in this guide are complied with subject to the following exceptions and 
clarifications: 
 



SSES-FSAR 
Text Rev. 73 

FSAR Rev. 69 3.13-46 

Reference:  Sections  3.2.1 – 3.2.4, 3.2.4.1 – 3.2.4.8.  The diffusion models used are based on 
point-source formulations and ground level releases. 
 
Reference:  Sections 3.3.2 – 3.3.4.  The Control Room ventilation system has only a single 
outside air intake. 
 
Reference:  Sections  4.1 – 4.4.  Source-receptor geometry, type and locations. 
All ground level releases were determined per the ARCON96 methodology utilizing standard 
time intervals; no χ/Q correction per wind speed averaging.   
 
Reference:  Section  6.0.  Plume rise was not considered in the χ/Q determinations. 
 
Reference:  Section  7.0.  No experimental data was utilized to calculate the χ/Qs. 
 
 
Regulatory Guide 1.197 - DEMONSTRATING CONTROL ROOM ENVELOPE 

INTEGRITY AT NUCLEAR POWER REACTORS  
(May 2003)     

 
The following regulatory portions are compiled with: 
 
Requirements for  (i) determining the unfiltered air inleakage past the CRE 

boundary into the CRE in accordance with the testing 
methods and at the Frequencies specified in Section C.1 
and C.2 and 

 
 (ii) assessing CRE habitability at the Frequencies specified in 

Sections C.1 and C.2. 
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3.14  LICENSE RENEWAL PROGRAMS, TLAA, AND COMMITMENTS 
 
 
3.14.1  INTRODUCTION 
 
The License Renewal Rule, 10 CFR Part 54, governs the issuance of renewed operating 
licenses for nuclear power plants.  The renewed SSES operating licenses were granted on 
November, 24, 2009 to be effective until July 17, 2042 for Unit 1 and March 23, 2044 for Unit 2. 
 
This section contains the license renewal information to be included in the Final Safety Analysis 
Report as required by 10 CFR 54.21(d).  The Safety Evaluation Report (SER) NUREG-1931, for 
renewed operating licenses for SSES Units 1 & 2 contains the results of the NRC review of 
technical information required by 10 CFR 54.21(a) and (c) as submitted in the SSES License 
Renewal Application (LRA) and supplemental RAI responses.  The programs and activities that 
will be implemented to manage the effects of aging for the period of extended operation are 
listed throughout NUREG-1931.  In addition, this section contains a listing of commitments 
associated with license renewal as identified in Appendix A of NUREG-1931. 
 
 
3.14.2  AGING MANAGEMENT PROGRAMS (AMP) 
 
The license renewal integrated plant assessment identified existing and new aging management 
programs necessary to provide reasonable assurance that components within the scope of 
license renewal will continue to perform their intended functions consistent with the current 
licensing basis (CLB) for the period of extended operation.  This section describes the required 
aging management programs identified during the integrated plant assessment.  Except for one-
time inspections, these programs will be implemented during the period of extended operation.  
One-time inspections will be conducted within the 10-year period prior to beginning the period of 
extended operation. 
 
Three elements of an effective aging management program that are common to all aging 
management programs are corrective actions, confirmation process, and administrative 
controls.  These elements are included in the SSES Operational Quality Assurance (OQA) 
Program, which implements the requirements of 10 CFR 50, Appendix B.  Prior to the period of 
extended operation, the elements of corrective action, confirmation process, and administrative 
controls in the SSES OQA Program will be applied to required aging management programs for 
both safety-related and nonsafety-related structures and components determined to require 
aging management during the period of extended operation. 
 
3.14.2.1 Area-Based NSAS Inspection (NUREG 1931, Section 3.0.3.3.1) 
 
The Area-Based NSAS Inspection detects and characterizes the conditions on the internal 
surfaces of nonsafety-related components exposed to non-radioactive equipment/area drainage 
water or potable water environments.  The Area-Based NSAS Inspection also detects and 
characterizes specific conditions on the internal surface of copper alloys exposed to raw water 
from the spray pond/cooling tower.  Components identified as non-safety affecting safety 
(NSAS) are those nonsafety-related components with the potential to prevent a safety-related 
system or component from performing its safety function.  The conditions in these environments 
are not expected to result in sufficient degradation to cause spatial interaction with safety-
related components or are expected to result in effects that progress very slowly.  To ensure 
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that spatial interactions do not occur that impair or prevent a safety-related function, a focused 
characterization of conditions is performed to provide confirmation of a lack of degradation or to 
serve as the basis for recurring actions during the period of extended operation, if required. 
 
The Area-Based NSAS Inspection is a new one-time inspection that will be implemented prior to 
the period of extended operation.  The inspection activities will be conducted within the 10-year 
period prior to the period of extended operation. 
 
3.14.2.2 Bolting Integrity Program (NUREG 1931, Section 3.0.3.2.5) 
 
The Bolting Integrity Program is a combination of existing SSES activities that, in conjunction 
with other credited programs, addresses the management of aging for the bolting of subject 
mechanical components within the scope of license renewal.  The Bolting Integrity Program 
relies on manufacturer/vendor information and industry recommendations for the proper 
selection, assembly and maintenance of bolting for pressure-retaining closures.  The Bolting 
Integrity Program includes, through the Inservice Inspection (ISI) Program and System 
Walkdown Program, the periodic inspection of bolting for indication of degradation such as 
leakage, loss of material due corrosion, or cracking. 
 
Prior to the period of extended operation, the Bolting Integrity Program will be enhanced to 
include a specific precaution against the use of sulfur (sulfide) containing compounds as a 
lubricant for bolted connections. 
 
3.14.2.3 Buried Piping and Tanks Inspection Program (NUREG 1931, Section 3.0.3.2.13) 
 
The Buried Piping and Tanks Inspection Program manages the effects of corrosion on the 
external surfaces of piping and tanks exposed to a buried environment.  The Buried Piping and 
Tanks Inspection Program will be a combination of a prevention program (consisting of 
protective coatings and wrappings, where appropriate) and a condition monitoring program 
(consisting of visual inspections). 
 
The Buried Piping and Tanks Inspection Program is a new aging management program that will 
be implemented prior to the period of extended operation. 
 
3.14.2.4 Buried Piping Surveillance Program (NUREG 1931, Section 3.0.3.2.10) 
 
The Buried Piping Surveillance Program manages the effects of corrosion on the external 
surfaces of piping with damaged coatings exposed to a buried environment.  The Buried Piping 
Surveillance Program will be a combination of a prevention program (consisting of cathodic 
protection) and a condition monitoring program (consisting of periodic testing). 
 
The Buried Piping Surveillance Program is a new aging management program that will be 
implemented prior to the period of extended operation. 
 
3.14.2.5 BWR CRD Return Line Nozzle Program (NUREG 1931, Section 3.0.3.2.2) 
 
The BWR CRD Return Line Nozzle Program is an existing program that manages cracking of 
the control rod drive return line (CRDRL) nozzle, cap, and connecting weld.  The program was 
developed in response to industry events involving the CRD return line nozzle. 
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SSES modified the CRD System by cutting the CRDRL and capping the nozzle prior to initial 
plant startup.  The CRDRL was not rerouted.  SSES has completed all of the requirements 
specified in NUREG-0619 for the CRD System modifications performed at SSES, including the 
final liquid penetrant testing (PT) inspection and system performance testing.  The SSES BWR 
CRD Return Line Nozzle Program monitors the effects of cracking on the intended function of 
the CRDRL nozzle by performing inservice inspections in conformance with the ASME Boiler 
and Pressure Vessel Code, Section XI, Subsection IWB, Table IWB 2500-1 (edition and 
addenda described in 3.14.2.23).  Any cracks that are detected will be dispositioned in 
accordance with the requirements of ASME Section XI. 
 
3.14.2.6 BWR Feedwater Nozzle Program (NUREG 1931, Section 3.0.3.1.4) 
 
The BWR Feedwater Nozzle Program is an existing program that manages cracking of the 
feedwater nozzles. 
 
The program includes (a) enhanced inservice inspection in accordance with the requirements of 
the ASME Boiler and Pressure Vessel Code, Section XI, Subsection IWB, Table IWB 2500-1 
(edition and addenda described in 3.14.2.23) and the recommendations of report GE-NE-523-
A71-0594, and (b) system modifications (completed on the spargers prior to initial startup) to 
mitigate cracking.  The program specifies periodic ultrasonic inspection of critical regions of the 
feedwater nozzles. 
 
3.14.2.7 BWR Penetrations Program (NUREG 1931, Section 3.0.3.2.3) 
 
The BWR Penetrations Program is an existing program that manages cracking of selected 
reactor vessel penetrations.  The BWR Penetrations Program is implemented via the Inservice 
Inspection (ISI) Program in compliance with ASME Section XI and the Boiling Water Reactor 
Vessel and Internals Project (BWRVIP) guidelines. 
 
The program includes (a) inspection and flaw evaluation in conformance with the guidelines of 
NRC-approved BWRVIP reports and BWRVIP-27-A, BWRVIP-47-A, BWRVIP-49-A, and 
BWRVIP-74-A and (b) monitoring and control of reactor coolant water chemistry in accordance 
with the guidelines of BWRVIP-29 to ensure the long-term integrity and safe operation of reactor 
vessel internal components.  The BWRVIP-27-A report addresses the standby liquid control 
system nozzle or housing, the BWRVIP-47-A report addresses the control rod drive and flux 
monitor penetrations in the lower plenum, the BWRVIP-49-A report provides guidelines for 
instrument penetrations, and the BWRVIP-74-A report addresses the reactor vessel flange leak 
off penetrations and the reactor vessel drain penetrations. 
 
3.14.2.8 BWR Stress Corrosion Cracking (SCC) Program (NUREG 1931, Section 

3.0.3.1.5) 
 
The BWR Stress Corrosion Cracking (SCC) Program is an existing program that manages 
stress corrosion cracking for stainless steel piping, valves, flow instruments, and pump casings.  
The program to manage stress corrosion cracking in pressure boundary piping made of 
stainless steel is delineated in NUREG-0313, Revision 2, and NRC Generic Letter 88-01 and its 
Supplement 1. 
 
The program includes (a) preventive measures to mitigate intergranular stress corrosion 
cracking (IGSCC), and (b) inspection and flaw evaluation to monitor IGSCC and its effects.  The 
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NRC-approved report BWRVIP-75-A allows for modifications of inspection scope in the Generic 
Letter 88-01 program. 
 
3.14.2.9 BWR Vessel ID Attachment Welds Program (NUREG 1931, Section 3.0.3.1.3) 
 
The BWR Vessel ID Attachment Welds Program is an existing program that manages cracking 
of the welds for internal attachments to the reactor pressure vessel. 
 
The program includes (a) inspection and flaw evaluation in accordance with the guidelines of 
the NRC-approved report BWRVIP-48-A, and (b) monitoring and control of reactor coolant water 
chemistry in accordance with the guidelines of BWRVIP-29 to ensure the long-term integrity and 
safe operation of the vessel inside diameter (ID) attachment welds.  The BWR Vessel ID 
Attachment Welds Program is based on the inspection and flaw evaluation guidelines of the 
BWRVIP, and is implemented by the Inservice Inspection (ISI) Program in accordance with the 
ASME Code, Section XI, Table IWB 2500-1. 
 
3.14.2.10 BWR Vessel Internals Program (NUREG 1931, Section 3.0.3.2.4) 
 
The BWR Vessel Internals Program is an existing program that manages aging of the reactor 
vessel internals in accordance with the requirements of ASME Section XI and the BWRVIP 
documents.  The purpose of the BWR Vessel Internals Program is to manage cracking, loss of 
material, and reduction of fracture toughness for various subcomponents of the reactor vessel 
internals. 
 
The program includes (a) inspection and flaw evaluation in conformance with the guidelines of 
applicable and NRC-approved BWRVIP reports, and (b) monitoring and control of reactor 
coolant water chemistry in accordance with the guidelines of BWRVIP-29 to ensure the long-
term integrity and safe operation of reactor vessel internal components. 
 
3.14.2.11 BWR Water Chemistry Program (NUREG 1931, Section 3.0.3.1.1) 
 
The BWR Water Chemistry Program is an existing program that mitigates damage due to loss 
of material and cracking of plant components that are within the scope of license renewal and 
contain treated water.  The program manages the relevant conditions that could lead to the 
onset and propagation of a loss of material or cracking through proper monitoring and control 
consistent with pertinent EPRI water chemistry guidelines.  The SSES BWR Water Chemistry 
Program currently implements BWRVIP-29 and is in the process of incorporating the 
recommendations of BWRVIP-130.  The relevant conditions are specific parameters such as 
sulfates, halogens, dissolved oxygen, and conductivity that could lead to or are indicative of 
conditions for, corrosion, erosion, or stress corrosion cracking (SCC) of susceptible materials.  
The BWR Water Chemistry Program is a mitigation program. 
 
The BWR Water Chemistry Program is supplemented by the Chemistry Program Effectiveness 
Inspection which provides verification of the effectiveness of the BWR Water Chemistry 
Program in mitigating the effects of aging. 
 
3.14.2.12 Chemistry Program Effectiveness Inspection (NUREG 1931, Section 3.0.3.1.10) 
 
The Chemistry Program Effectiveness Inspection detects and characterizes the condition of 
materials in representative low flow and stagnant areas of plant systems influenced by the BWR 
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Water Chemistry Program, the Closed Cooling Water Chemistry Program, and the Fuel Oil 
Chemistry Program.  The inspection provides direct evidence as to whether, and to what extent, 
cracking or a loss of material has occurred.  The Chemistry Program Effectiveness Inspection 
will provide confirmation of the effectiveness of the BWR Water, Closed Cooling Water, and 
Fuel Oil Chemistry Programs in managing the effects of aging. 
 
The Chemistry Program Effectiveness Inspection is a new one-time inspection that will be 
implemented prior to the period of extended operation.  The inspection activities will be 
conducted within the 10-year period prior to the period of extended operation. 
 
3.14.2.13 Closed Cooling Water Chemistry Program (NUREG 1931, Section 3.0.3.2.7) 
 
The Closed Cooling Water Chemistry Program is an existing program that mitigates damage 
due to loss of material and cracking of plant components that are within the scope of license 
renewal and that contain treated water in a closed cooling water system or component (e.g., a 
heat exchanger) served by a closed cooling water system.  The program manages the relevant 
conditions that could lead to the onset and propagation of a loss of material or cracking through 
proper monitoring and control of corrosion inhibitor concentrations consistent with the pertinent 
EPRI water chemistry guideline.  The Closed Cooling Water Chemistry Program is a mitigation 
program. 
 
The Closed Cooling Water Chemistry Program is supplemented by the Chemistry Program 
Effectiveness Inspection which provides verification of the effectiveness of the Closed Cooling 
Water Chemistry Program in mitigating the effects of aging. 
 
3.14.2.14 Condensate and Refueling Water Storage Tanks Inspection 
 (NUREG 1931, Section  3.0.3.1.9) 
 
The Condensate and Refueling Water Storage Tanks Inspection detects and characterizes the 
conditions on the bottom surfaces of the Condensate Storage Tanks and the Refueling Water 
Storage Tank.  The inspection provides direct evidence through volumetric and/or visual 
examination as to whether, and to what extent, a loss of material due to crevice, general or 
pitting corrosion has occurred or is likely to occur in inaccessible areas (i.e., tank base/bottom) 
that could result in a loss of intended function. 
 
The Condensate and Refueling Water Storage Tanks Inspection is a new one-time inspection 
that will be implemented prior to the period of extended operation.  The inspection activities will 
be conducted within the 10-year period prior to the period of extended operation. 
 
3.14.2.15 Containment Leakage Rate Test Program (NUREG 1931, Section 3.0.3.1.22) 
 
The Containment Leakage Rate Test Program is an existing program that manages aging 
effects for the Primary Containment and systems penetrating the Primary Containment, which 
are the containment liner and Primary Containment penetrations including personnel airlock, 
equipment hatches, and control rod drive hatch.  The Containment Leakage Rate Test Program 
provides assurance that leakage from the Primary Containment will not exceed maximum 
values for containment leakage. 
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3.14.2.16 Cooling Units Inspection (NUREG 1931, Section 3.0.3.1.11) 
 
The Cooling Units Inspection detects and characterizes the condition of aluminum, carbon steel, 
copper alloy, and stainless steel cooling unit components that are exposed to a ventilation 
environment or to an uncontrolled raw water environment from cooling unit drain pans, and of 
certain heat exchanger components exposed to treated water or ventilation environments in the 
Control Structure Chilled Water, the Primary Containment Atmosphere Circulation, and the 
Control Structure and Reactor Building HVAC systems.  The inspection provides direct evidence 
as to whether, and to what extent, a loss of material due to crevice, galvanic, general, or pitting 
corrosion, or reduction in heat transfer due to fouling of heat exchanger tubes and fins, has 
occurred or is likely to occur in these systems that could result in a loss of intended function. 
 
The Cooling Units Inspection is a new one-time inspection that will be implemented prior to the 
period of extended operation.  The inspection activities will be conducted within the 10-year 
period prior to the period of extended operation. 
 
3.14.2.17 Crane Inspection Program (NUREG 1931, Section 3.0.3.1.8) 
 
The Crane Inspection Program is an existing program that manages loss of material for cranes 
(including bridge, trolley, rails, and girders), monorails, and hoists within the scope of license 
renewal.  The Crane Inspection Program is based on guidance contained in ANSI B30.2 for 
overhead and gantry cranes, ANSI B30.11 for monorail systems and underhung cranes, and 
ANSI B30.16 for overhead hoists.  The inspections monitor structural members for signs of 
corrosion other than minor surface corrosion. 
 
3.14.2.18 Fire Protection Program (NUREG 1931, Section 3.0.3.2.8) 
 
The Fire Protection Program is an existing program that is described in the Fire Protection 
Review Report (FPRR) and which is credited with aging management of components with fire 
barrier functions in the scope of license renewal.  Periodic visual inspections and functional 
tests are performed, as appropriate, of fire dampers, fire barrier walls, ceilings and floors, fire 
rated penetration seals (fire stops), fire wraps, fireproofing, and fire doors to ensure that 
functionality and operability are maintained.  The Fire Protection Program is a condition 
monitoring program, comprised of tests and inspections generally in accordance with the 
applicable National Fire Protection Association (NFPA) recommendations. 
 
3.14.2.19 Fire Water System Program (NUREG 1931, Section 3.0.3.2.9) 
 
The Fire Water System Program (sub-program of the overall Fire Protection Program) is an 
existing program that is described in the Fire Protection Review Report (FPRR) and which is 
credited with aging management of the water suppression components in the scope of license 
renewal.  Periodic inspection and testing of the water-based fire suppression systems provides 
reasonable assurance that the systems will remain capable of performing their intended 
function.  Periodic inspection and testing activities include hydrant and hose station inspections, 
fire main flushing, flow tests, and sprinkler inspections.  The Fire Water System Program is a 
condition monitoring program, comprised of tests and inspections generally in accordance with 
the applicable National Fire Protection Association (NFPA) recommendations. 
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Prior to the period of extended operation, the Fire Water System Program will be enhanced to 
incorporate: 
 
a) Sprinkler head sampling/replacements, in accordance with NFPA 25; 

 
b) Ultrasonic testing of representative above ground portions of water suppression piping that 

are exposed to water but which do not normally experience flow, are associated with a 
dry-pipe sprinkler system and may contain stagnant water, or is pre-action or deluge 
piping that is normally dry but may have been wetted and not completely dried;  

 
c) At least one visual inspection (opportunistic or focused) of the internal surface of buried 

fire water piping within the 10 year period prior to the period of extended operation; and 
 
d) At least one inspection per year of 'wet' fire protection piping for wall thickness and pipe 

blockage, if no opportunistic inspection is completed. 
 
3.14.2.20 Flow-Accelerated Corrosion (FAC) Program (NUREG 1931, Section 3.0.3.1.7) 
 
The Flow-Accelerated Corrosion (FAC) Program is an existing program that manages loss of 
material for carbon steel components located in systems that are susceptible to flow-
accelerated corrosion, also called erosion/corrosion.  The Flow-Accelerated Corrosion (FAC) 
Program is a condition monitoring program which ensures that the integrity of piping systems 
susceptible to flow-accelerated corrosion is maintained.  The program was developed in 
response to NRC Bulletin 87-01 and NRC Generic Letter 89-08.  The Flow-Accelerated 
Corrosion (FAC) Program follows the guidance and recommendations of EPRI NSAC-202L and 
combines the elements of predictive analysis, inspections (to baseline and monitor wall-
thinning), industry experience, station information gathering and communication, and 
engineering judgment to monitor and predict flow-accelerated corrosion wear rates. 
 
3.14.2.21 Fuel Oil Chemistry Program (NUREG 1931, Section 3.0.3.2.11) 
 
The Fuel Oil Chemistry Program is an existing program that maintains fuel oil quality in order to 
mitigate damage due to loss of material and cracking of susceptible materials for plant 
components that are within the scope of license renewal and that contain fuel oil.  The program 
manages the relevant conditions that could lead to the onset and propagation of loss of material 
or cracking through proper monitoring and control of fuel oil contamination consistent with 
pertinent plant technical specifications/requirements and American Society for Testing of 
Materials (ASTM) standards for fuel oil.  The relevant conditions are specific contaminants such 
as water or microbiological organisms in the fuel oil that could lead to corrosion or stress 
corrosion cracking (SCC) of susceptible materials.  Exposure to these contaminants is 
minimized by verifying the quality of new fuel oil before it enters the storage tanks and by 
periodic sampling to ensure that the tanks are free of water and particulates.  The Fuel Oil 
Chemistry Program is a mitigation program. 
 
The Fuel Oil Chemistry Program is supplemented by the Chemistry Program Effectiveness 
Inspection which provides verification of the effectiveness of the Fuel Oil Chemistry Program in 
mitigating the effects of aging. 
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Heat Exchanger Inspection (NUREG 1931, Section 3.0.3.1.12) 
 
The Heat Exchanger Inspection detects and characterizes the condition of heat exchanger 
tubes in the Control Structure Chilled Water (CSCW), Fire Protection (FP) High Pressure 
Coolant Injection (HPCI), and Reactor Core Isolation Cooling (RCIC) systems. 
 
The scope of the Heat Exchanger Inspection includes the CSCW chiller oil cooler and chiller 
evaporator, the FP diesel engine driven fire pump heat exchanger and lube oil cooler, and the 
HPCI and RCIC lube oil coolers.  The inspection provides direct evidence as to whether, and to 
what extent, cracking due to SCC or reduction in heat transfer due to fouling has occurred or is 
likely to occur that could result in a loss of intended function. 
 
The Heat Exchanger Inspection is a new one-time inspection that will be implemented prior to 
the period of extended operation. The inspection activities will be conducted within the 10-year 
period prior to the period of extended operation. 
 
3.14.2.22 Inservice Inspection (ISI) Program (NUREG 1931, Section 3.0.3.2.1) 
 
The Inservice Inspection (ISI) Program is an existing program that manages cracking and loss 
of material of multiple reactor coolant system pressure boundary components, including the 
reactor vessel, a limited number of internals components, and the reactor coolant system 
pressure boundary.  The Inservice Inspection (ISI) Program was developed as required by 
10 CFR 50.55a.  The program is in accordance with the requirements detailed in the 1998 
Edition through the 2000 Addenda, of ASME Boiler and Pressure Vessel Code, Section XI, 
Division 1, Subsections IWA, IWB, IWC, IWD, IWE, IWF, IWL, Mandatory Appendices, 
Inspection Program B of IWA-2432, and approved ASME Code Cases. 
 
The inservice inspections conducted throughout the service life of SSES will comply, to the 
extent practical, with the requirements of the ASME Code Section XI Edition and Addenda 
incorporated by reference in 10 CFR 50.55a(b) 12 months prior to the start of the inspection 
interval, subject to prior approval via letter from the NRC.  This is consistent with NRC 
statements of consideration (SOC) for 10 CFR 54 associated with the adoption of new editions 
and addenda of the ASME Code in 10 CFR 50.55a. 
 
3.14.2.23 Inservice Inspection (ISI) Program – IWE (NUREG 1931, Section 3.0.3.1.19) 
 
The Inservice Inspection (ISI) Program – IWE is an existing program that establishes 
responsibilities and requirements for conducting IWE inspections as required by 
10 CFR 50.55a.  The Inservice Inspection (ISI) Program – IWE includes visual examination of 
all accessible surface areas of the steel liner for the reinforced concrete Primary Containment 
and its integral attachments, containment seals and gaskets, and containment pressure-
retaining bolting in accordance with the requirements of the ASME Boiler and Pressure Vessel 
Code, Section XI, Division 1 (edition and addenda described in 3.14.2.23) for Subsection IWE. 
 
The inservice examinations conducted throughout the service life of SSES will comply, to the 
extent practical, with the requirements of the ASME Section XI Edition and Addenda 
incorporated by reference in 10 CFR 50.55a(b) 12 months prior to the start of the inspection 
interval, subject to prior approval via letter from the NRC.  This is consistent with NRC 
statements of consideration (SOC), for 10 CFR 54, associated with the adoption of new editions 
and addenda of the ASME Code in 10 CFR 50.55a. 
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3.14.2.24 Inservice Inspection (ISI) Program – IWF (NUREG 1931, Section 3.0.3.1.21) 
 
The Inservice Inspection (ISI) Program – IWF is an existing program that establishes 
responsibilities and requirements for conducting IWF Inspections for ASME Class 1, 2, and 3 
component supports as required by 10 CFR 50.55a.  The Inservice Inspection (ISI) Program – 
IWF visual examination for supports is based on sampling of the total support population.  The 
sample size varies depending on the ASME Class.  The largest sample size is specified for the 
most critical supports (ASME Class 1).  The sample size decreases for the less critical supports 
(ASME Class 2 and 3).  The primary inspection method employed is visual examination.  
Degradation that potentially compromises support function or load capacity is identified for 
evaluation.  Supports requiring corrective actions are re-examined during the next inspection 
period in accordance with the requirements of ASME Section XI, Division 1 (edition and 
addenda described in 3.14.2.23) for Subsection IWF. 
 
The inservice examinations conducted throughout the service life of SSES will comply, to the 
extent practical, with the requirements of ASME Section XI Edition and Addenda incorporated 
by reference in 10 CFR 50.55a(b) 12 months prior to the start of the inspection interval, subject 
to prior approval via letter from the NRC.  This is consistent with NRC statements of 
consideration (SOC), for 10 CFR 54, associated with the adoption of new editions and addenda 
of the ASME Code in 10 CFR 50.55a. 
 
3.14.2.25 Inservice Inspection (ISI) Program - IWL (NUREG 1931, Section 3.0.3.1.20) 
 
The Inservice Inspection (ISI) Program – IWL is an existing program that establishes 
responsibilities and requirements for conducting IWL Inspections as required by 10 CFR 50.55a.  
The Inservice Inspection (ISI) Program – IWL includes visual examination of all accessible 
surface areas of the reinforced concrete Primary Containment in accordance with the 
requirements of ASME Section XI, Division 1 (edition and addenda described in 3.14.2.23) for 
Subsection IWL. 
 
No applicable aging effects have been identified for the Primary Containment concrete.  
However, the Inservice Inspection (ISI) Program – IWL will be used to confirm the absence of 
significant aging effects for the extended period of operation. 
 
The inservice examinations conducted throughout the service life of SSES will comply, to the 
extent practical, with the requirements of ASME Section XI Edition and Addenda incorporated 
by reference in 10 CFR 50.55a(b) 12 months prior to the start of the inspection interval, subject 
to prior approval via letter from the NRC.  This is consistent with NRC statements of 
consideration, for 10 CFR 54, associated with the adoption of new editions and addenda of the 
ASME Code in 10 CFR 50.55a. 
 
3.14.2.26 Leak Chase Channel Monitoring Activities (NUREG 1931, Section 3.0.3.3.2) 
 
The Leak Chase Channel Monitoring Activities is an existing program that consists of 
observation and surveillance activities to detect leakage from the spent fuel pool and the fuel 
shipping cask storage pool liners due to aging and age-related degradation.  The Leak Chase 
Channel Monitoring Activities is a condition monitoring program. 
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3.14.2.27 Lubricating Oil Analysis Program (NUREG 1931, Section 3.0.3.2.15) 
 
The Lubricating Oil Analysis Program is an existing program that mitigates damage due to loss 
of material and reduction of heat transfer due to fouling for plant components that are within the 
scope of license renewal and exposed to lubricating oil.  The program manages the relevant 
conditions that could lead to the onset and propagation of a loss of material, or reduction in heat 
transfer for heat exchanger tubes, through proper monitoring consistent with manufacturer’s 
recommendations, the equipment’s importance to safe plant operation, equipment accessibility 
and American Society for Testing of Materials (ASTM) standards for lubricating oil.  The relevant 
conditions are specific parameters including particulate and water concentrations, viscosity, 
neutralization number, and flash point that could lead to, or are indicative of, conditions for age-
related degradation of susceptible materials.  The Lubricating Oil Analysis Program is a 
mitigation program. 
 
Prior to the period of extended operation, the Lubricating Oil Analysis Program will be enhanced 
to include sampling of the lubricating oil from the Control Structure Chiller, Reactor Building 
Chiller, and Diesel Engine Driven Fire Pump when the oil is changed.  The oil will be tested for 
water and for particle count. 
 
The Lubricating Oil Analysis Program is supplemented by the Lubricating Oil Inspection which 
provides verification of the effectiveness of the Lubricating Oil Analysis Program in mitigating 
the effects of aging. 
 
3.14.2.28 Lubricating Oil Inspection (NUREG 1931, Section 3.0.3.1.13) 
 
The Lubricating Oil Inspection detects and characterizes the condition of materials in systems 
and components for which the Lubricating Oil Analysis Program is credited with aging 
management.  The inspection provides direct evidence as to whether, and to what extent, a loss 
of material or a reduction in heat transfer due to fouling has occurred. 
 
The Lubricating Oil Inspection is a new one-time inspection that will be implemented prior to the 
period of extended operation.  The inspection activities will be conducted within the 10-year 
period prior to the period of extended operation. 
 
3.14.2.30 Not Used (NUREG 1931, Section 3.0.3.1.14) 
 
3.14.2.31 Masonry Wall Program (NUREG 1931, Section 3.0.3.2.16) 
 
The Masonry Wall Program is an existing program that consists of inspection activities to detect 
cracking of masonry walls within the scope of license renewal.  Masonry walls that perform a fire 
barrier intended function are also managed by the Fire Protection Program.  The Masonry Wall 
Program is implemented as part of the Structures Monitoring Program.  The Masonry Wall 
Program performs visual inspection of external surfaces of masonry walls. 
 
Prior to the period of extended operation, the Masonry Wall Program will be enhanced to specify 
that for each masonry wall, the extent of observed masonry cracking and/or degradation of steel 
edge supports/bracing be evaluated to ensure that the current evaluation basis is still valid. 
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3.14.2.32 Metal-Enclosed Bus Inspection Program (NUREG 1931, Section 3.0.3.1.26) 
 
The Metal-Enclosed Bus Inspection Program manages the aging of the metal-enclosed bus 
within the scope of license renewal.  The program provides for inspection of the applicable 
metal-enclosed bus on a 10-year interval, in order to determine if age-related degradation is 
occurring. 
 
The Metal-Enclosed Bus Inspection Program is a new aging management program that will be 
implemented prior to the period of extended operation. 
 
3.14.2.33 Monitoring and Collection System Inspection (NUREG 1931, Section 3.0.3.1.15) 
 
The Monitoring and Collection System Inspection detects and characterizes the conditions on 
the internal surfaces of subject components that are exposed to equipment/area drainage water 
and other potential contaminants/fluids.  The inspection provides direct evidence as to whether, 
and to what extent, a loss of material has occurred or is likely to occur in the Liquid Waste 
Management System that could result in a loss of intended function. 
 
The Monitoring and Collection System Inspection is a new one-time inspection that will be 
implemented prior to the period of extended operation.  The inspection activities will be 
conducted within the 10-year period prior to the period of extended operation. 
 
3.14.2.34 Non-EQ Cables and Connections Used in Low-Current Instrumentation Circuits 

Program (NUREG 1931, Section 3.0.3.1.24) 
 
The Non-EQ Cables and Connections Used in Low-Current Instrumentation Circuits Program 
manages the age-related degradation associated with non-EQ, low-current instrumentation 
cables and connections within the scope of license renewal. 
 
The program applies to in-scope, non-EQ electrical cables and connections used in neutron 
monitoring and radiation monitoring circuits with sensitive, low-current signals.  The Non-EQ 
Cables and Connections Used in Low-Current Instrumentation Circuits Program will perform 
testing of the applicable cable systems to identify reduction in insulation resistance.  The tests 
will be performed at least every ten years, with the frequency to be determined by engineering 
evaluation. 
 
The Non-EQ Cables and Connections Used in Low-Current Instrumentation Circuits Program is 
a new aging management program that will be implemented prior to the period of extended 
operation. 
 
3.14.2.35 Non-EQ Electrical Cables and Connections Visual Inspection Program 

(NUREG 1931, Section 3.0.3.1.23) 
 
The Non-EQ Electrical Cables and Connections Visual Inspection Program manages the aging 
of non-EQ electrical cables and connections within the scope of license renewal.  The program 
provides for visual inspection on a 10-year interval of accessible, non-EQ electrical cables and 
connections, in order to determine if age-related degradation is occurring, particularly in plant 
areas with high temperatures and/or high radiation levels. 
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The Non-EQ Electrical Cables and Connections Visual Inspection Program is a new aging 
management program that will be implemented prior to the period of extended operation. 
 
3.14.2.36 Non-EQ Inaccessible Medium-Voltage Cables Program 

(NUREG 1931, Section 3.0.3.1.25) 
 
The Non-EQ Inaccessible Medium-Voltage Cables Program manages the aging of non-EQ 
inaccessible medium-voltage electrical cables subject to wetting within the scope of license 
renewal.  The program provides for the periodic testing of non-EQ inaccessible medium-voltage 
electrical cables, in order to determine if age-related degradation is occurring, and includes 
provision for the inspection of associated manholes to identify any collection of water.  The 
cable testing frequency will be based on plant operating experience, but will be performed at 
least once every ten years. The electrical manhole inspection frequency will be based on plant 
operating experience, but will be performed at least once every two years. 
 
The Non-EQ Inaccessible Medium-Voltage Cables Program is a new aging management 
program that will be implemented prior to the period of extended operation. 
 
3.14.2.37 Non-EQ Electrical Cable Connections Program (NUREG 1931, Section 

3.0.3.1.27) 
 
The Non-EQ Electrical Cable Connections Program manages the aging for the metallic parts of 
non-EQ electrical cable connections within the scope of license renewal.  The program 
addresses cable connections that are used to connect cable conductors to other cables or 
electrical devices.  Aging management for the metallic parts of the non-EQ electrical cable 
connections that are subject to aging stressors will be provided by testing.  A representative 
sample of non-EQ electrical cable connections will be selected for testing, considering the 
effects of their application (high, medium, and low voltage), circuit loading, and location with 
respect to electrical connection stressors.  Thermography will be used to test a representative 
sample of cable connections to provide an indication of the integrity of the connections.  The 
tests will be performed at least every ten years, with the frequency to be determined by 
engineering evaluation. 
 
The Non-EQ Electrical Cable Connections Program is a new aging management program that 
will be implemented prior to the period of extended operation. 
 
3.14.2.38 Piping Corrosion Program (NUREG 1931, Section 3.0.3.2.6) 
 
The Piping Corrosion Program is an existing program that manages fouling due to particulates 
(e.g., corrosion products) and biological material (micro- and/or macro-organisms), and loss of 
material due to corrosion and erosion for components located in systems within the scope of the 
program that are exposed to a raw water environment.  The program also manages the 
applicable aging effects for the internal environments of heat exchanger components within the 
scope of the program. 
 
The Piping Corrosion Program is a combination of condition monitoring program (consisting of 
inspections, surveillances, and testing to detect the presence of, and to assess the extent of, 
damaged coatings, fouling and loss of material) and a mitigation program (consisting of 
chemical treatments and cleaning activities to minimize fouling and loss of material, and use of 
protective coatings in areas vulnerable to erosion). 
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Prior to the period of extended operation, the Piping Corrosion Program will be enhanced to 
include the Standby Gas Treatment System loop seals, and to also incorporate performance, 
documentation and trending of opportunistic visual inspections (during normal 
maintenance/repair activities). 
 
3.14.2.39 Preventive Maintenance Activities – RCIC/HPCI Turbine Casings 

(NUREG 1931, Section 3.0.3.3.3) 
 
The Preventive Maintenance Activities – RCIC/HPCI Turbine Casings is an existing program 
that manages loss of material on the internal surfaces of the Reactor Core Isolation Cooling 
(RCIC) and High Pressure Coolant Injection (HPCI) pump turbine casings, and on the internal 
surfaces of associated piping and piping components (rupture disks and valve bodies), that are 
constructed of carbon steel or cast iron. 
 
The Preventive Maintenance Activities – RCIC/HPCI Turbine Casings is a condition monitoring 
program, consisting of inspections and surveillance activities to detect aging and age-related 
degradation. 
 
Prior to the period of extended operation, the Preventive Maintenance Activities – RCIC / HPCI 
Turbine Casings will be enhanced to incorporate: 
 
a) A specific step to perform a visual inspection of the RCIC turbine casing. 
 
b) Performance of inspections by qualified personnel using VT-3 or equivalent inspection 

methods, and reporting and trending of inspection results. 
 
c) Specific acceptance criteria for inspections. 
 
3.14.2.40 Reactor Head Closure Studs Program (NUREG 1931, Section 3.0.3.1.2) 
 
The Reactor Head Closure Studs Program is an existing program that manages cracking for the 
reactor head closure studs.  The Reactor Head Closure Studs Program includes (a) inservice 
inspection in conformance with the requirements of ASME Code, Section XI, Subsection IWB 
(edition and addenda described in 3.14.2.23), Table IWB 2500-1, and (b) preventive measures 
in accordance with Regulatory Guide 1.65 to mitigate cracking.  The Reactor Head Closure 
Studs Program is implemented by the design of the plant and the Inservice Inspection (ISI) 
Program. 
 
3.14.2.41 Reactor Vessel Surveillance Program (NUREG 1931, Section 3.0.3.2.12) 
 
The Reactor Vessel Surveillance Program is an existing program that manages reduction of 
fracture toughness for the low alloy steel reactor vessel shell and welds in the beltline region.  
The Reactor Vessel Surveillance Program is a condition monitoring program developed in 
response to 10 CFR 50 Appendix H. 
 
The SSES Reactor Vessel Surveillance Program is part of the Integrated Surveillance Program 
(ISP) described in BWRVIP-78, BWRVIP-86-A and BWRVIP-116, and approved by the NRC 
staff.  BWRVIP-116 extends the ISP to cover the period of extended operation.  SSES will follow 
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the requirements of the BWRVIP ISP and will apply the ISP data to SSES Units 1 and 2.  The 
NRC approved the use of the BWRVIP ISP in place of a unique plant program at SSES. 
 
The SSES Reactor Vessel Surveillance Program will be enhanced, as necessary, to ensure that 
additional requirements that are specified in the NRC safety evaluation dated March 1, 2006, for 
BWRVIP-116 will be addressed before the period of extended operation.  The program will 
include a requirement that, if a standby capsule is removed from either of the SSES Unit 1 or 
Unit 2 reactor vessels, without the intent to test it, the capsule will be stored in a manner which 
maintains it in a condition which would permit its future use, including during the period of 
extended operation, if necessary, 
 
3.14.2.42 RG 1.127 Water-Control Structures Inspection (NUREG 1931, Section 

3.0.3.2.18) 
 
The RG 1.127 Water-Control Structures Inspection is an existing program that consists of 
inspection and surveillance activities to detect aging and age-related degradation.  The RG 
1.127 Water-Control Structures Inspection ensures the structural integrity and operational 
adequacy of the Spray Pond (including concrete liner, emergency spillway, and riser 
encasements), ESSW Pumphouse (including pump intake chambers, overflow weir and 
chamber, and structural components within the ESSW Pumphouse), and the earthen 
embankments along the Spray Pond. 
 
Prior to the period of extended operation, the RG 1.127 Water-Control Structures Inspection will 
be enhanced to add the Spray Pond (including concrete liner, emergency spillway, riser 
encasements, and earthen embankments) to its scope for inspection.  The program will be 
enhanced to include RG 1.127 inspection elements and degradation mechanisms for water-
control structure inspection and to include acceptance criteria for water-control structures. 
 
3.14.2.43 Selective Leaching Inspection (NUREG 1931, Section 3.0.3.1.17) 
 
The Selective Leaching Inspection detects and characterizes the conditions on internal and 
external surfaces of subject components.  The inspection provides direct evidence through a 
combination of visual examination and hardness testing of whether, and to what extent, a loss of 
material due to selective leaching has occurred or is likely to occur that could result in a loss of 
intended function. 
 
The Selective Leaching Inspection is a new one-time inspection that will be implemented prior to 
the period of extended operation.  The inspection activities will be conducted within the 10-year 
period prior to the period of extended operation. 
 
3.14.2.44 Small Bore Class 1 Piping Inspection (NUREG 1931, Section 3.0.3.1.18) 
 
The Small Bore Class 1 Piping Inspection is a one-time inspection to detect cracking resulting 
from thermal and mechanical loading or intergranular stress corrosion.  The inspection will 
provide assurance that cracking of small bore Class 1 piping is not occurring or an evaluation of 
any detected crack indications will be performed to justify continued operation with no further 
monitoring, such that an aging management program (AMP) is not warranted.  The inspection 
will also confirm the effectiveness of the BWR Water Chemistry Program mitigating cracking 
due to intergranular stress corrosion. The Small Bore Class 1 Piping Inspection is applicable to 
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small bore ASME Code Class 1 piping and systems less than 4 inches nominal pipe size (NPS 
4), which includes pipes, fittings, and branch connections. 
 
The Small Bore Class 1 Piping Inspection is a new one-time inspection that will be implemented 
prior to the period of extended operation.  The inspection activities will be conducted within the 
10-year period prior to the period of extended operation. 
 
3.14.2.45 Structures Monitoring Program (NUREG 1931, Section 3.0.3.2.17) 
 
The Structures Monitoring Program is an existing program that manages age-related 
degradation of plant structures and structural components within its scope to ensure that each 
structure or structural component retains the ability to perform its intended function.  Aging 
effects are detected by visual inspection of external surfaces prior to the loss of the structure’s 
or component’s intended function. 
 
This program implements provisions of the Maintenance Rule, 10 CFR 50.65, that relate to 
structures, masonry walls, and water-control structures.  Concrete and masonry walls that 
perform a fire barrier intended function are also managed by the Fire Protection Program. 
 
Prior to the period of extended operation, the Structures Monitoring Program will be enhanced 
to include structures within the scope of license renewal.  The program will be enhanced to 
specify inspections of a below grade structural wall or structural component that becomes 
accessible through excavation.  The program will be enhanced to clarify the component types 
included as “structural components”.  The program will be enhanced to specify degradation 
mechanisms for elastomer and earthen embankment inspection.  The program will be enhanced 
to include RG 1.127 inspection elements for water-control structures.  The program will be 
enhanced to include requirements for review of site groundwater and raw water parameters.  
The program will also be enhanced to specify inspection requirements for masonry walls.  The 
program will be enhanced to include direction for quantifying, monitoring and trending of 
inspection results, guidance for inspection reporting, data collection and documentation, 
acceptance criteria and critical parameters to monitor degradation and to trigger level of 
inspection and initiation of corrective action; and better alignment with referenced Industry 
codes, standards and guidelines.  The program will be enhanced to include specific qualification 
requirements for the inspector. 
 
3.14.2.46 Supplemental Piping/Tank Inspection (NUREG 1931, Section 3.0.3.1.16) 
 
The Supplemental Piping/Tank Inspection detects and characterizes the condition of carbon 
steel, stainless steel and cast iron components that are exposed to moist air environments, 
particularly the aggressive alternate wet/dry environment that exists at air-water interfaces, and 
for internal surfaces of diesel exhaust components due to periodic exposure to exhaust gases 
containing moisture and contaminants.  The inspection provides direct evidence as to whether, 
and to what extent, a loss of material or cracking (of stainless steel exposed to diesel exhaust) 
has occurred or is likely to occur that could result in a loss of intended function. 
 
The Supplemental Piping/Tank Inspection is a new one-time inspection that will be implemented 
prior to the period of extended operation.  The inspection activities will be conducted within the 
10-year period prior to the period of extended operation. 
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3.14.2.47 System Walkdown Program (NUREG 1931, Section 3.0.3.2.14) 
 
The System Walkdown Program is an existing program that manages the following aging effects 
for the external surfaces, and in some cases the internal surfaces, of mechanical components 
within the scope of license renewal: 
 
a) Loss of material for metals that are exposed to indoor air, outdoor air, or ventilation 

environments, including both the HVAC-type internal environments and ambient air 
internal environments, such as that found in the upper portion of a vented tank. 

 
b) Cracking and/or change in material properties for elastomers (neoprene and rubber) and 

polymers (Teflon) that are exposed to indoor air or ventilation environments. 
 
The System Walkdown Program is a condition monitoring program, consisting of observation 
and surveillance activities to detect aging and age-related degradation. 
 
Prior to the period of extended operation, the System Walkdown Program will be enhanced to 
include the license renewal systems that contain mechanical components whose external 
surfaces require aging management during the period of extended operation.  The program will 
also be enhanced to address opportunistic inspections of normally inaccessible components 
(e.g., those that are insulated), and those that are accessible only during refueling outages.  The 
program will also be enhanced by addition of a routine activity to inspect elastomers and 
polymers for cracking and/or change in material properties and to include inspection of other 
metals, copper alloy and stainless steel.  The program will also be enhanced to sample normally 
inaccessible components in underground vaults, pits, and manholes.  In addition, the program 
will be enhanced to include a visual and ultrasonic inspection of the external surfaces of piping 
passing into structures through penetrations (underground piping) for those penetrations with a 
history of leakage. 
 
3.14.2.48 Thermal Aging and Neutron Embrittlement of Cast Austenitic Stainless Steel 

(CASS) Program (NUREG 1931, Section 3.0.3.1.6) 
 
The Thermal Aging and Neutron Embrittlement of Cast Austenitic Stainless Steel (CASS) 
Program augments the visual inspection of the reactor vessel internals done in accordance with 
the ASME Code, Section XI, Subsection IWB, Category B-N-2.  The inspection is augmented to 
detect the effects of loss of fracture toughness due to thermal aging and neutron irradiation 
embrittlement of cast austenitic stainless steel (CASS) reactor vessel internal components.  The 
aging management program includes (a) identification of susceptible components determined to 
be limiting from the standpoint of thermal aging susceptibility (i.e., ferrite and molybdenum 
contents, casting process, and operating temperature) and/or neutron irradiation embrittlement 
(neutron fluence), and (b) for each potentially susceptible component, aging management is 
accomplished through either a supplemental examination of the affected component based on 
the neutron fluence to which the component has been exposed as part of the SSES 10-year 
Inservice Inspection (ISI) Program during the license renewal term, or a component-specific 
evaluation to determine its susceptibility to loss of fracture toughness. 
 
The Thermal Aging and Neutron Embrittlement of Cast Austenitic Stainless Steel (CASS) 
Program is a new aging management program that will be implemented prior to the period of 
extended operation. 
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3.14.2.49 Fatigue Monitoring Program (NUREG 1931, Section 3.0.3.2.19) 
 
The Fatigue Monitoring Program manages fatigue for all Class 1 components, including the 
reactor pressure vessel.  In order not to exceed the design basis limit on fatigue usage, the 
aging management program monitors and tracks the number and severity of critical thermal and 
pressure transients and calculates the fatigue usage for the limiting locations of the reactor 
coolant pressure boundary. 
 
Prior to the period of extended operation the program will be enhanced by adding the following 
required actions: 
 
a) The program will verify that components which have satisfied ASME Section III, Paragraph 

N-415.1 requirements (i.e., RPV nozzles N6A, N6B, and N7) continue to satisfy these 
requirements prior to and during the period of extended operation, thereby allowing fatigue 
to be continued to be addressed under N-415.1. 

 
b) The program will review Class 1 valve fatigue analyses and other fatigue-related TLAA, 

such as flued head analyses and high energy line break evaluations, when sufficient 
fatigue accumulation has occurred, to determine if additional actions are required to 
address fatigue-related concerns. 

 
c) The program will define specific fatigue usage values for all monitored locations, including 

those locations that account for the effect of the reactor water environment that, if reached, 
will require further action.  These fatigue usage values shall be conservatively set to 
values that will allow for not less than 4 years of additional plant operation before the 
actual fatigue usage at any location would reach the design basis limit.  Upon reaching the 
defined usage at a location, the program will require an action request to be generated.  
The action request will require further engineering evaluation to resolve the issue. 

 
d) The program will implement one or more of the following actions, if fatigue usage at a 

monitored location, including any location that accounts for the effect of the reactor water 
environment, is projected to reach the design basis limit prior to the end of the period of 
extended operation: 

 
1) Further refinement of the fatigue analyses to lower the CUFs to less than the 

allowable; 
 

2) Repair of the affected components; 
 

3) Replacement of the affected components; 
 

4) Management by an inspection program that has been reviewed and approved by the 
NRC. 

 
3.14.2.50 Preventive Maintenance Activities – Main Turbine Casing 

(NUREG 1931, Section 3.0.3.3.4) 
 
The Preventive Maintenance Activities – Main Turbine Casing is an existing program that 
manages loss of material due to flow-accelerated corrosion on the internal surfaces of the high 
pressure casing for the main turbine. 
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The Preventive Maintenance Activities – Main Turbine Casing is a condition monitoring program 
consisting of inspections performed on a nominal 10-year (12-year maximum) frequency to 
detect aging and age-related degradation. 
 
Prior to the period of extended operation, the Preventative Maintenance Activities – Main 
Turbine Casing will be enhanced to specify that the inspection of the high pressure turbine shell 
will consist of a VT-3 or equivalent visual inspection of accessible surfaces and an ultrasonic 
examination of selected locations for wall thickness. 
 
3.14.2.51 Fuse Holders Program (NUREG 1931, Section 3.0.3.2.20) 
 
The Fuse Holders Program is a new aging management program that manages increased 
connection resistance due to fatigue of fuse holder clamps.  The program provides for periodic 
inspection of fuse holder clamps within the scope of license renewal that are not in enclosures 
containing active components and whose fuses are scheduled for removal once every 12 
months, or more frequently.  
 
The Fuse Holders Program is a condition monitoring program consisting of inspections 
performed on a 10-year frequency to detect aging and age-related degradation. 
 
The Fuse Holders Program is a new aging management program that will be implemented prior 
to the period of extended operation. 
 
 
3.14.3  EVALUATION OF TIME-LIMITED AGING ANALYSES (TLAA) 
 
In accordance with 10 CFR 54.21(c), an application for a renewed operating license requires an 
evaluation of time-limited aging analyses (TLAA) for the period of extended operation.  The 
license renewal evaluation of time-limited aging analyses (TLAA) identified existing aging 
management programs necessary to provide reasonable assurance that components within the 
scope of license renewal will continue to perform their intended functions consistent with the 
current licensing basis (CLB) for the period of extended operation.  This section identifies the 
TLAA, summarizes the evaluation of each, and, where necessary, describes the aging 
management programs that will be required.  These aging management programs will be 
implemented during the period of extended operation.  One-time inspections will be conducted 
within the 10-year period prior to beginning the period of extended operation. 
 
Three elements of an effective aging management program that are common to all aging 
management programs are corrective actions, confirmation process, and administrative 
controls.  These elements are included in the SSES Operational Quality Assurance (OQA) 
Program, which implements the requirements of 10 CFR 50, Appendix B.  Prior to the period of 
extended operation, the elements of corrective action, confirmation process, and administrative 
controls in the SSES OQA Program will be applied to required aging management programs for 
both safety-related and nonsafety-related structures and components determined to require 
aging management during the period of extended operation. 
 
3.14.3.1 Reactor Vessel Neutron Embrittlement 
 
The ferritic materials of the reactor vessel are subject to embrittlement due to high energy 
neutron exposure.  Reactor vessel neutron embrittlement is a TLAA.  Neutron fluence, upper 
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shelf energy, adjusted reference temperature, and vessel pressure-temperature limits are time-
dependent items that must be investigated to evaluate vessel embrittlement. 
 
3.13.3.1.1 Neutron Fluence 
 
High energy (>1 MeV) neutron fluence for the welds and shells of the reactor pressure vessel 
beltline region was calculated using the RAMA fluence methodology.  The RAMA methodology 
was developed for the Electric Power Research Institute and the Boiling Water Reactor Vessel 
and Internals Project and is approved by the NRC for use at SSES Units 1 and 2.  Use of this 
methodology for evaluations of fluence for the SSES units was performed in accordance with 
guidelines presented in Regulatory Guide 1.190.  The evaluations determined values for 
neutron fluence for extended power uprate (EPU) conditions and for extended operation out to 
54 effective full power years (EFPY), i.e., at the end of 60 years of operation.  Using actual 
reactor core power histories to-date and conservative estimates of future core designs for each 
unit, extended operation to 60 years will be bounded by 54 EFPY. 
 
Neutron fluence is not a TLAA, it is a time-limited assumption used in various neutron 
embrittlement TLAA. 
 
3.14.3.1.2 Upper Shelf Energy Evaluation 
 
10 CFR 50, Appendix G requires that upper shelf energy (USE) values for reactor pressure 
vessel materials include the effects of neutron radiation.  It states that USE for the beltline 
materials including plates and welds be maintained at no less than 50 ft-lb for the life of the 
reactor vessel.  Calculated fluence values for extended power uprate (EPU) and extended 
operation to 54 EFPY exceed previously determined fluence values based on materials 
surveillance program information for Units 1 and 2.  Therefore, projections of changes in USE 
for the period of extended operation are required in accordance with 10 CFR 50, Appendix G. 
 
The projections of changes in USE for the period of extended operation for the RPV beltline 
plates and welds for Units 1 and 2 were determined in accordance with Regulatory Guide (RG) 
1.99, Revision 2.  For the plates and welds with projected USE values of 50 ft-lb or greater at 54 
EFPY, the criterion of 10 CFR 50, Appendix G, has been met and no further evaluation is 
required. 
 
For plates and welds that do not meet the 50 ft-lb criterion, the equivalent margin analyses 
(EMA) documented in BWRVIP-74-A were used to demonstrate that the 54 EFPY USE values 
remain in compliance with 10 CFR 50, Appendix G.  As prescribed in BWRVIP-74-A, the 
predicted decrease in USE from RG 1.99, Figure 2 was compared to the decrease assumed in 
the EMA for each vessel beltline plate and weld that fails to meet the 50 ft-lb criterion. The 
results demonstrate that all evaluated plates and welds are bounded by the BWRVIP-74-A 
equivalent margin analyses. 
 
Therefore, the effects of neutron radiation have been evaluated, and all RPV beltline materials 
for Units 1 and 2 have been demonstrated to remain in compliance with Appendix G of 10 CFR 
50 for the period of extended operation. 
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3.14.3.1.3 Adjusted Reference Temperature (ART) Analysis 
 
In addition to USE, the other key parameter that characterizes the fracture toughness of a 
material is the reference temperature for nil-ductility transition (RTNDT).  This reference 
temperature will change as its exposure to neutron radiation increases.  The effects of neutron 
fluence on RTNDT are reflected in the change in this reference temperature, ∆RTNDT, and the 
resulting adjusted reference temperature, ART, is calculated by adding ∆RTNDT to RTNDT along 
with appropriate margin to account for uncertainties. 
 
The methodology used to calculate ART for the vessel beltline plates and welds is provided in 
Regulatory Guide 1.99.  The ART values projected to 54 EFPY are used to develop Pressure-
Temperature (P-T) limit curves.  There are no limits or specific acceptance criteria for the 
projected ART values. 
 
3.14.3.1.4 Pressure-Temperature (P-T) Limits 
 
To assure that adequate margins of safety are maintained for various modes of reactor 
operation, 10 CFR 50, Appendix G specifies pressure and temperature requirements for 
affected materials for the service life of the reactor vessel.  The basis for these fracture 
toughness requirements is ASME Section XI, Appendix G.  The ASME Code requires P-T limits 
be established for hydrostatic pressure tests and leak tests, for operation with the core not 
critical during heatup and cooldown, and for core critical operation. 
 
Calculations were performed to develop P-T limit curves for SSES Units 1 and 2 for the period 
of extended operation (54 EFPY).  The calculations were performed for the bounding regions of 
the reactor vessel to account for 54 EFPY fluence projections, which include the effects of EPU 
conditions.  The P-T curves were developed in accordance with 10 CFR 50, Appendix G and 
the methodology in ASME Section XI, Appendix G.  PPL will submit future P-T curve data to the 
NRC as necessary to comply with 10 CFR 50 Appendix G, 
 
3.14.3.1.5 Reactor Vessel Circumferential Weld Examination Relief 
 
BWRVIP-74-A reiterated the recommendation of BWRVIP-05 that reactor pressure vessel 
circumferential welds could be exempted from examination.  The NRC safety evaluation report 
for BWRVIP-74 agreed, but required that plants apply for this relief request individually.  The 
relief request should demonstrate that at the expiration of the current license, the circumferential 
welds satisfy the limiting conditional failure probability for circumferential welds in the (BWRVIP-
05) evaluation.  This evaluation of circumferential weld parameters is a TLAA. 
 
PPL requested and received relief from circumferential vessel shell weld volumetric 
examinations.  The SSES submittal included an analysis that showed that the reactor vessel 
parameters at 32 EFPY were within the bounding parameters for Chicago Bridge & Iron (CBI) 
vessels from the BWRVIP-05 safety evaluation report.  As such, there is a lower conditional 
probability of failure for circumferential welds at SSES than that stated in the NRC’s Final Safety 
Evaluation Report of BWRVIP-05. 
 
The SSES reactor pressure vessel circumferential weld parameters at 54 EFPY will remain 
within the bounding parameters for CBI vessels at 64 EFPY from the BWRVIP-05 safety 
evaluation report.  As such, the conditional probability of failure for circumferential welds 
remains below that stated in the safety evaluation report for BWRVIP-05. 
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PPL will process a relief request for circumferential vessel shell weld volumetric examinations 
for the period of extended operation in the same manner that has been the practice during the 
original licensing period. 
 
3.14.3.1.6 Reactor Vessel Axial Weld Failure Probability 
 
The NRC safety evaluation report for BWRVIP-74-A evaluated the failure frequency of axially 
oriented welds in BWR reactor pressure vessels, and determined failure frequency acceptance 
criteria for 40 years of reactor operation.  Applicants for license renewal must evaluate axially 
oriented RPV welds to show that their failure frequency remains below the acceptance criteria 
calculated in the safety evaluation report for BWRVIP-74.  An acceptable way to do this is to 
show that the mean RTNDT of the limiting axial beltline weld at the end of the period of extended 
operation is less than the values specified in the safety evaluation report for BWRVIP-74. 
 
The SSES axial weld mean RTNDT at 54 EFPY is projected to be well below that in the SER, and 
thus the SSES axial weld failure frequency is well within the acceptable criteria. 
 
3.14.3.1.7 Reflood Thermal Shock Analysis 
 
FSAR Section 3.13.1, Regulatory Guide 1.2 “Thermal Shock to Reactor Pressure Vessels” 
addresses the possibility of brittle fracture of the reactor vessel resulting from reflooding of the 
vessel following a postulated loss of coolant accident.  This concern is addressed in NEDO-
10029, “An Analytical Study on Brittle Fracture of GE-BWR Vessels Subject to the Design Basis 
Accident,” in which a conservative analysis is documented.  That document provides an upper 
bound limit on brittle fracture failure for the materials and concludes that catastrophic failure is 
not possible.  However, the analysis performed in NEDO-10029 is only valid for 40 years of 
operation. 
 
A more recent analysis provides a technical basis for addressing brittle fracture of BWR vessels 
due to vessel reflood following a design basis Loss of Coolant Accident (LOCA) during the 
period of extended operation.  The analysis is documented in a paper by S. Ranganath of 
General Electric, entitled “Fracture Mechanics Evaluation of a Boiling Water Reactor Vessel 
Following a Postulated Loss of Coolant Accident,” which was presented as Paper G1/5 at the 
Fifth International Conference on Structural Mechanics in Reactor Technology in Berlin, 
Germany, in August 1979.  While the analysis was performed for BWR-6 vessels, it is applicable 
to the SSES (BWR-4) vessels, based on the following: 
 
a) It evaluated the main steam line break LOCA event, which is bounding for the evaluation 

of thermal stresses and brittle fracture in the vessel beltline region. 
 
b) It applied to 251-inch, 238-inch, and 201-inch diameter BWR-6 vessels, since the 

structural details and operating conditions are similar.  The SSES vessels are 251-inch 
diameter and the SSES response to a main steam line break LOCA is equivalent to that of 
the BWR-6 vessel (i.e., rapid depressurization and blowdown, immediately followed by 
ECCS injections to reflood the vessel). 

 
c) It analyzed a 6-inch thick wall of a BWR-6 vessel.  The SSES vessels are 6.1875 inches 

thick.  A critical parameter of the fracture mechanics analysis is the wall temperature at a 
depth of 1/4 of the total thickness, 1/4T.  The 1/4T location of the thinner BWR-6 vessel 
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will cool faster than the 1/4T location of the SSES vessels.  Thus, the BWR-6 analysis is 
conservative for the SSES vessels, since a lower temperature at the 1/4T location is worse 
for brittle fracture concerns. 

 
The analysis presented in the Ranganath paper assumes end-of-life material toughness, which 
in turn depends on end-of-life adjusted reference temperature (ART).  The analysis determined 
that the peak stress intensity for the LOCA event at the 1/4T location on the BWR-6 vessel 
would be 100 ksi√inches and that the available fracture toughness at the 1/4T location that 
coincides with the peak stress intensity would be a minimum of 200 ksi√inches.  Thus, since the 
available toughness exceeds the applied stress intensity, an existing 1/4T flaw in the vessel wall 
would not propagate following a LOCA. 
 
The BWR-6 analysis conclusion applies to the SSES vessels because the end-of-life (54 EFPY) 
ART values for the SSES vessels are such that the available material toughness at the 1/4T 
location of the SSES vessels would remain on the upper shelf of 200 ksi√inches, which exceeds 
the peak stress intensity of 100 ksi√inches for the analyzed event.  Therefore, brittle fracture of 
the SSES vessels due to reflood thermal shock following a design basis LOCA is not possible 
during the period of extended operation. 
 
3.14.3.2 Metal Fatigue 
 
Fatigue evaluations for mechanical components are identified as TLAA; therefore, the effects of 
fatigue must be addressed for license renewal. 
 
PPL monitors fatigue of the ASME Class 1 reactor coolant pressure boundary via the Fatigue 
Monitoring Program, which uses a computer program, FatiguePro, to count transient cycles and 
calculate fatigue usage. 
 
Calculation of fatigue usage values is not required for non-Class 1 SSCs.  Instead, stress 
intensification factors and lower stress allowables are used to ensure components are 
adequately designed for fatigue. 
 
Certain components enveloped by the Primary Containment are also required to be evaluated 
for fatigue.  These include penetrations, hatches, the drywell head, downcomer vents, safety 
relief valve (SRV) discharge piping, and SRV quenchers. 
 
3.14.3.2.1 Reactor Pressure Vessel Fatigue Analysis 
 
The design transients for the reactor pressure vessel (RPV) assembly are reported in FSAR 
Table 3.9-1.  Design cumulative usage factors (CUFs) for the limiting reactor pressure vessel 
assembly locations are obtained from applicable design reports.  These CUFs were calculated 
based on applicable design transients. 
 
Metal fatigue for all reactor pressure vessel assembly components is managed by the existing 
SSES Fatigue Monitoring Program.  This program includes requirements for continued 
monitoring and periodic updates to current and projected CUFs for the limiting reactor pressure 
vessel locations.  The program will be enhanced to include an approach to address CUFs that 
will exceed the allowable before the end of the period of extended operation.  The aging 
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management approach will include one or more of the following, which is similar to the approach 
documented in ASME Code Section III Non-mandatory Appendix L: 
 
a) Further refinement of the fatigue analyses to lower the CUFs to less than the allowable 
 
b) Repair of the affected components 
 
c) Replacement of the affected components 
 
d) Management by an inspection program that has been reviewed and approved by the NRC 

(e.g., periodic non-destructive examination of the affected locations at intervals determined 
by a method accepted by the NRC) 

 
The original RPV design report was not required to provide an explicit fatigue analysis for 
nozzles N6A, N6B, and N7, since the nozzles satisfied all requirements of ASME Section III, 
Paragraph N-415.1.  As such, design CUFs were not calculated for these nozzles.  The SSES 
Fatigue Monitoring Program will be enhanced to include a requirement to periodically determine 
if the requirements of N-415.1 remain satisfied, such that fatigue evaluations are not required for 
these nozzles prior to entering and during the period of extended operation. 
 
The Fatigue Monitoring Program is credited for managing the effects of fatigue during the period 
of extended operation.  Therefore, the TLAA associated with reactor pressure vessel fatigue are 
dispositioned in accordance with 10 CFR 54.21(c)(1)(iii). 
 
3.14.3.2.2 Reactor Vessel Internals Fatigue Analyses 
 
The Reactor Internals and Core Support Structures at SSES were designed in accordance with 
ASME Section III, Subsection NG.  The fatigue evaluations performed to demonstrate the 
design adequacy of the internals for 40 years are TLAA. 
 
Most recently, structural evaluations were performed to address the effects of operation under 
extended power uprate conditions and the extended period of plant operation to 60 years.  The 
evaluations determined that the fatigue usage factors for all reactor pressure vessel internals 
remain within the ASME Section III Subsection NG allowable limits. 
 
PPL also monitors the design transients using FatiguePro, as described above under Reactor 
Pressure Vessel Fatigue Analysis.  This monitoring allows PPL to continually assess the 
potential for plant operating anomalies that could impact the assumptions made in the fatigue 
evaluations of plant components.  In addition to plant transient monitoring, PPL has effectively 
implemented the inspection requirements of the BWRVIP program at SSES, as described in 
Section 3.14.2.10 above.  These inspections provide further assurance that the effects of aging 
due to fatigue of the RPV internals will be managed during the period of extended operation. 
 
Structural evaluations have demonstrated that fatigue usage will remain within design limits to 
the end of the period of extended operation.  Also, the BWR Vessel Internals Program is 
credited for managing the aging effects of the reactor vessel internals during the period of 
extended operation.  Therefore, the TLAA associated with fatigue of the reactor vessel internals 
are dispositioned in accordance with 10CFR54.21 (c)(1)(ii) and 10CFR54.21(c)(1)(iii). 
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3.14.3.2.3 Effects of Reactor Coolant Environment on Fatigue Life of Components and 
Piping (Generic Safety Issue 190) 

 
Applicants for license renewal are required to address the reactor coolant environmental effects 
on fatigue of plant components.  The minimum set of components is suggested to be the six (6) 
components defined in NUREG/CR-6260, as follows: 
 
a) Reactor vessel shell and lower head 
 
b) Reactor vessel feedwater nozzle 
 
c) Reactor recirculation piping (including inlet and outlet nozzles) 
 
d) Core spray line reactor vessel nozzle and associated Class 1 piping 
 
e) Residual heat removal return line Class 1 piping 
 
f) Feedwater line Class 1 piping 
 
Calculation of a fatigue life adjustment factor, Fen, is determined for each fatigue-sensitive 
component.  The environmental fatigue life adjustment factors are applied to the appropriate 
component CUFs to verify acceptability of the components for the period of extended operation. 
 
Using fatigue data projected by the SSES Fatigue Monitoring Program and methodology 
accepted by the NRC, as noted above, PPL evaluated the limiting locations (a total of eleven 
component locations corresponding to the six NUREG/CR-6260 components), as appropriate 
for the material for each component location.  Seven of the eleven locations evaluated have an 
environmentally adjusted CUF of greater than 1.0. 
 
Prior to entering the period of extended operation, for each location that may exceed a CUF of 
1.0 when considering environmental effects, SSES will implement one or more of the following: 
 
a) Further refinement of the fatigue analyses to lower the CUFs to less than the allowable 
 
b) Repair of the affected components 
 
c) Replacement of the affected components 
 
d) Management by an inspection program that has been reviewed and approved by the NRC 

(e.g., periodic non-destructive examination of the affected locations at intervals determined 
by a method accepted by the NRC) 

 
Should PPL select the option to manage environmentally-assisted fatigue during the period of 
extended operation, details of the aging management program such as scope, qualification, 
method, and frequency will be provided to the NRC prior to the period of extended operation. 
 
The effects of environmentally-assisted fatigue for the limiting locations identified in 
NUREG/CR-6260 have been evaluated.  The effects of environmentally-assisted fatigue for 
these locations is addressed using one of the four approaches identified above. 
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The Fatigue Monitoring Program is credited for managing the effects of the reactor coolant 
environmental effects on fatigue during the period of extended operation. Therefore, the TLAA 
associated with environmentally-assisted fatigue has been dispositioned in accordance with 10 
CFR 54.21(c)(1)(iii). 
 
3.14.3.2.4 Reactor Coolant Pressure Boundary Piping and Component Fatigue Analyses 
 
The Class 1 boundary encompasses all reactor coolant pressure boundary piping (pipe and 
fittings) and in-line components subject to ASME Section XI, Subsection IWB, inspection 
requirements. 
 
FSAR Section 3.9 provides details on the design transients to be considered in the fatigue 
analyses of reactor coolant pressure boundary (RCPB) components. 
 
The SSES Fatigue Monitoring Program tracks the fatigue usage at the limiting locations 
throughout the RCPB.  The use of FatiguePro and the SSES Fatigue Monitoring Program 
ensure that the fatigue of RCPB components is maintained below the ASME Code design limits. 
 
All Class 1 valves are required to have a fatigue analysis.  A review of a representative sample 
of Class 1 valve stress reports found the fatigue analyses to be conservatively simplistic, and 
the predicted fatigue was extremely low (less than 0.1).  The simplified analyses for the valves 
do not provide the detailed information required to track fatigue usage by cycle counting or 
similar means.  As an alternative, since the fatigue usage is typically much higher on the 
associated piping systems, and fatigue monitoring is performed for the limiting piping locations, 
the fatigue usage on the Class 1 valves is assumed to be bounded by the Class 1 piping 
locations.  The fatigue on the valves will be managed indirectly by monitoring fatigue on the 
piping.  If a piping system accumulates sufficient fatigue usage to indicate that design values 
are being approached, the Fatigue Monitoring Program will require a review of the valve fatigue 
analyses and other fatigue-related TLAA (such as flued head analyses and high energy line 
break evaluations) to determine if additional actions are required to address any of these 
additional fatigue-related concerns on the affected piping system. 
 
Metal fatigue for all Class 1 reactor coolant pressure boundary piping and in-line components is 
managed by the SSES Fatigue Monitoring Program.  This program includes requirements for 
continued monitoring and periodic updates to current and projected CUFs for the limiting piping 
locations.  The program will be enhanced to include an approach to address CUFs that will 
exceed the allowable before the end of the period of extended operation.  The aging 
management approach will include one or more of the following, which is similar to the approach 
documented in ASME Code Section III Non-mandatory Appendix L: 
 
a) Further refinement of the fatigue analyses to lower the CUFs to less than the allowable 
 
b) Repair of the affected components 
 
c) Replacement of the affected components 
 
d) Management by an inspection program that has been reviewed and approved by the NRC 

(e.g., periodic non-destructive examination of the affected locations at intervals determined 
by a method accepted by the NRC) 

 



SSES-FSAR 
Text Rev. 1 
 
 

FSAR Rev. 69 3.14-26 

The Fatigue Monitoring Program is credited for managing the effects of fatigue during the period 
of extended operation.  Therefore, the TLAA associated with fatigue of the reactor coolant 
pressure boundary piping and components have been dispositioned in accordance with 10 CFR 
54.21(c)(1)(iii). 
 
3.14.3.3 Non-Class 1 Component Fatigue Analyses 
 
Calculation of cumulative fatigue usage, i.e., CUFs, is not required for non-Class 1 components 
designed in compliance with the codes and standards for non-Class 1 components.  For non-
Class 1 components stresses due to thermal expansion and anchor movement, which are 
important for fatigue evaluations, are analyzed using stress intensification factors and stress 
allowables.  Allowable stresses are defined for 7000 full temperature cycles with reductions in 
allowable stresses as cycles increase beyond 7000.  In addition, temperature thresholds above 
which fatigue should be considered for carbon steel and austenitic stainless steel are 
established. 
 
The fatigue evaluation of non-Class 1 components determined whether the associated 
operating temperature exceeded threshold values for the affected materials and, if so, evaluated 
the number of transient cycles expected.  In every case, the number of projected cycles for 60 
years was found to be less than 7000 for piping and in-line components whose temperatures 
exceed threshold values.  Therefore, fatigue for non-Class 1 piping and in-line components 
remains valid for the period of extended operation. 
 
None of the non-Class 1 vessels, heat exchangers, storage tanks, or pumps were designed to 
ASME Section VIII, Division 2 or ASME Section III, Subsection NC-3200.  Therefore, there is no 
fatigue TLAA for these components. 
 
The TLAA associated with the fatigue of non-Class 1 components have been dispositioned in 
accordance with 10 CFR 54.21(c)(1)(i). 
 
3.14.3.4 Environmental Qualification of Electric Equipment (NUREG 1931, 

Section 3.0.3.1.28) 
 
Environmental Qualification analyses for those components with a qualified life of 40 years or 
greater are identified as TLAA for SSES.  NRC regulation 10 CFR 50.49, “Environmental 
Qualification of Electric Equipment Important to Safety for Nuclear Power Plants” requires 
licensees to identify electrical equipment covered under this regulation and to maintain a 
qualification file demonstrating that the equipment is qualified for its application and will perform 
its safety function up to the end of its qualified life. 
 
10 CFR 50.49 requires EQ components that are not qualified for the current license term to be 
refurbished, replaced, or have their qualifications extended prior to reaching the aging limits 
established in the aging evaluation. Reanalysis of aging evaluations to extend the qualifications 
of components is performed on a routine basis as part of the EQ Program. Important attributes 
for the reanalysis of aging evaluations include analytical methods, data collection and reduction 
methods, underlying assumptions, acceptance criteria, corrective actions (if acceptance criteria 
are not met), and the time remaining to the end of qualified life. 
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The SSES EQ Program is an existing program that implements the requirements of 
10 CFR 50.49 and will be used to manage the effects of aging on the intended function(s) of the 
components associated with EQ TLAA for the period of extended operation. 
 
3.14.3.5 Fatigue of Primary Containment, Attached Piping, and Components 
 
3.14.3.5.1 ASME Class MC Components 
 
FSAR Section 3.8.2.3.2.4 states the design thermal cycles for containment ASME Class MC 
stainless steel components, which includes the containment penetrations, hatches, and drywell 
head, to be 500 cycles for plant startup and shutdown and one cycle for a design basis 
accident.  The reactor pressure vessel assembly and internal components are designed for 117 
startups and 111 shutdowns for a combined total of 228 events.  The maximum projected cycles 
for extended life to 60 years includes 148 startups and 148 shutdowns for a total of 296 events.  
Therefore, the Class MC component design value of 500 cycles for startups and shutdowns 
remains well above the projected value.  Also, the one cycle allowed for a design basis accident 
is a value assumed in the design for a faulted condition for the life of the plant, whether that is 
40 years or 60 years.  Hence, the performance of these components will not be impacted by 
extending the life of the plant to 60 years. 
 
The TLAA associated with thermal cycles on the ASME Class MC components have been 
dispositioned in accordance with 10 CFR 54.21(c)(1)(i). 
 
3.14.3.5.2 Downcomer Vents and Safety Relief Valve Discharge Piping 
 
Downcomer vents and safety relief valve (SRV) discharge piping penetrate the drywell / 
suppression pool diaphragm slab with the purpose of transporting steam and non-condensable 
gases to the suppression pool from the reactor and from the drywell during SRV lifts and under 
accident conditions.  To ensure the integrity of the downcomers and SRV discharge piping for 
the original 40-year life of the plant, extensive analyses were performed.  These analyses 
satisfy the definition for TLAA. 
 
The significant area analyzed for the downcomers in the suppression pool air space was the 
downcomer penetration through the diaphragm slab.  Structural analyses of all the SRV 
discharge lines from the diaphragm slab penetration to the quencher were performed, including 
flued head connections, elbows, and three-way restraint attachments. 
 
The design rules, as set forth in the ASME Section III, Subsection NB were used for the fatigue 
assessment.  The downcomers and SRV discharge lines were analyzed for the appropriate load 
combinations and their associated number of cycles.  The combined stresses and 
corresponding equivalent stress cycles were computed to obtain the fatigue usage factors in 
accordance with the equations of Subsection NB-3600 of the ASME Code.  The maximum 
cumulative usage factors for the downcomers and SRV discharge lines for the 40-year plant 
lifetime were determined from these analyses. 
 
The minimum number of SRV actuations assumed in any of the fatigue analyses was 1100.  
The projected number of events for 60 years is less than the number assumed in the design 
basis (40 year) analysis.  Therefore, the design basis analysis remains valid for the period of 
extended operation 
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The TLAA associated with stress cycles on the downcomer vents and safety relief valve 
discharge piping have been dispositioned in accordance with 10 CFR 54.21(c)(1)(i). 
 
3.14.3.5.3 Safety Relief Valve Quenchers 
 
Quenchers provide proper dispersion of reactor steam into the suppression pool upon lifts of 
SRVs and discharge of the steam through the SRV discharge piping. 
 
Analyses for fatigue of the quenchers satisfy 10 CFR 54.3 criteria as TLAA.  Fatigue evaluations 
for the original 40-year life of the plant list 7000 cycles as the expected number of cycles for 
each quencher component analyzed.  The evaluations calculate the number of allowable cycles 
for the components and give the expected CUF for each analysis. 
 
Since a quencher can experience up to seven cycles each time its associated SRV actuates 
(lifts), the worst case number of cycles is seven times the number of actuations projected for 40 
years and for 60 years.  These projected cycles were compared with analysis data results. 
 
The design cycles exceed the number of cycles projected to 60 years for all components which 
were analyzed for the quencher.  Therefore, the CUFs calculated in the fatigue evaluation 
remain valid for the period of extended operation. 
The TLAA associated with stress cycles on the safety relief valve quenchers have been 
dispositioned in accordance with 10 CFR 54.21(c)(1)(i). 
 
3.14.3.6 Other Plant-Specific Time-Limited Aging Analyses 
 
3.14.3.6.1 Main Steam Flow Restrictor Erosion Analyses 
 
A flow restrictor is incorporated in each main steam line to limit flow to 200 percent of rated flow 
in the event that a main steam line ruptures outside containment.  Erosion of a flow restrictor is 
a safety concern since it could impair the ability of the flow restrictor to limit vessel blowdown 
following a main steam line break. 
 
FSAR Section 5.4.4.4 discusses an evaluation of the effect of potential erosion of main steam 
line flow restrictors on radiological dose resulting from a main steam line break accident. 
 
Operating for another 20 years will allow further erosion and, therefore, increased opening in the 
throat of the flow restrictors.  The erosion can be linearly extrapolated from 40 to 60 years.  This 
is conservative since the rate of erosion would be expected to decrease as the throat area of 
the restrictor increased due to erosion.  (It has been determined that operation at Extended 
Power Uprate conditions will not significantly affect the erosion rate.)  Therefore, it can be 
concluded that erosion for the 20 years of extended operation will be no more than half the 
erosion for the first 40 years, and the corresponding increase in steam flow will be no more than 
half of the increase in steam flow due to erosion at the end of 40 years (namely, 5 percent).  
This means that by the end of 60 years, the increase in flow compared to flow at the beginning 
of life will be no more than 7.8 percent.  Therefore, the released dose for the accident case at 
60 years would be no more than a 7.8 percent increase.  Such an increase in dose over the 
analyzed case remains within regulatory limits, as indicated in FSAR Section 15.6.4.5.3. 
 
Hence, the performance of the main steam line flow restrictors is not significantly impacted by 
the additional erosion during the period of extended operation. 
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3.14.3.6.2 High Energy Line Break Cumulative Fatigue Usage Factors 
 
High energy line breaks have been postulated and analyzed for potential effects on surrounding 
equipment and systems.  FSAR Section 3.6 provides criteria for determining break locations 
and types of breaks that could occur, descriptions of analysis methodologies, and results for 
significant attached piping showing where breaks could develop and where restraints were to be 
installed.  Cumulative fatigue usage factors (CUFs) for the high energy lines are included in the 
criteria to determine postulated breaks.  The CUFs, as calculated in the design fatigue analyses, 
account for the design transients assumed for the original 40-year life of the plant. 
 
The postulated breaks are in piping for systems important to safety and integrity of the reactor 
coolant pressure boundary.  The restraints designed for these potential breaks are significant for 
protection of systems and equipment important to plant safety.  Therefore, the CUF calculations 
used in the selection of postulated high energy line break locations are TLAA. 
 
Since these breaks are postulated to occur only once in the lifetime of the plants and restraints 
were installed appropriately to mitigate these potential breaks, the results of analyses for the 
potential breaks and the restraints installed in the plants remain unchanged for the extended life 
of 60 years.  However, it is possible that other locations that had 40-year CUFs below the 
criteria for postulated breaks, could exceed that CUF criteria in 60 years.  The possibility of 
these additional postulated breaks will need to be managed based on the actual fatigue 
accumulation encountered as the plant ages. 
 
Presently, SSES utilizes the EPRI FatiguePro software to monitor fatigue at the critical bounding 
locations of piping systems in the plant.  The SSES Fatigue Monitoring Program will identify 
when piping systems are approaching their original 40-year design CUFs.  Prior to any piping 
system exceeding its’ original maximum design CUF, the pertinent design calculations for the 
affected system will be reviewed to determine if any additional locations should be designated 
as postulated high energy line breaks, under the original criteria of FSAR Section 3.6.  If other 
locations are determined to require consideration as postulated break locations, appropriate 
actions will be taken to address the new break locations. 
 
The Fatigue Monitoring Program is credited for managing the effects of fatigue during the period 
of extended operation.  Therefore, the TLAA associated with high energy line break cumulative 
fatigue have been dispositioned in accordance with10CFR54.21(c)(1)(iii). 
 
3.14.3.6.3 Core Plate Rim Hold-Down Bolts 
 
The NRC safety evaluation report that references BWRVIP-25, “BWR Core Plate Inspection and 
Flaw Evaluation Guidelines,” for license renewal identifies loss of preload on the core plate rim 
hold-down bolts as one of the TLAA that must be addressed by applicants seeking license 
renewal. 
 
PPL will address the loss of preload on the core plate rim hold-down bolts by one of the 
following two actions: 
 
a) PPL will perform a SSES plant-specific evaluation consistent with BWRVIP-25 to 

demonstrate that the core plate rim hold-down bolts will be capable of preventing lateral 
displacement of the core plate for the period of extended operation.  The evaluation will 
determine the maximum expected reduction in the bolt preload at the end of the period of 
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extended operation, considering all applicable parameters (i.e., operating temperature, 
operating loads, and irradiation effects) and demonstrate the acceptability of the final 
preload at the end of the period of extended operation.  Using the methodology of 
BWRVIP-25 Appendix A, the evaluation will also determine the primary membrane and 
bending stresses for the limiting bolt(s) to demonstrate that ASME Code allowables are 
not exceeded as a result of the reduction in bolt preload at the end of the period of 
extended operation.  The evaluation will also provide either a) justification for not 
inspecting the core plate hold-down bolts, or b) an inspection strategy to ensure an 
adequate number of bolts are intact to prevent lateral displacement of the core plate.  The 
evaluation will be submitted to the NRC for review no less than two years prior to the 
period of extended operation. 

 
b) PPL will install core plate wedges to structurally replace the lateral load resistance 

provided by the hold-down bolts.  With wedges installed, any loss of preload on the core 
plate rim hold-down bolts during the period of extended operation will have no effect on 
the lateral stability of the core plate.  The wedges will be installed prior to entering the 
period of extended operation. 

 
If the evaluation described as Action 1 above is unable to demonstrate acceptable bolt preload 
or bolt stress values at the end of the period of extended operation, appropriate corrective 
action will be taken prior to entering the period of extended operation.  The installation of core 
plate wedges described as Action 2 above is considered an appropriate and acceptable 
corrective action. 
 
3.14.3.6.4 Irradiation Assisted Stress Corrosion Cracking (IASCC) 
 
Austenitic stainless steel reactor internal components exposed to a neutron fluence of greater 
than 5 x 1020 n/cm2 (E > 1 MeV) are susceptible to irradiation assisted stress corrosion cracking 
(IASCC) in the BWR environment.  Analyses were performed to determine neutron fluence for 
extended power uprate (EPU) conditions and for extended operation out to 54 effective full 
power years (EFPY).  The projected fluence values are used to identify the components that 
exceed the threshold fluence for IASCC. 
 
The following reactor internal components have been identified as being susceptible to IASCC 
for the period of extended operation for SSES Units 1 and 2: 
 
a) Top Guide 
 
b) Core Shroud 
 
c) In-Core Flux Monitoring Dry Tubes 
 
d) Core Plate 
 
The components identified as being susceptible to IASCC require aging management to identify 
and address potential degradation (crack initiation and growth) prior to any loss of intended 
function. 
 
All identified components have been evaluated for IASCC by the BWRVIP, as described in the 
inspection and evaluation guideline reports for each component: BWRVIP-26-A for the Top 
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Guide; BWRVIP-76 for the Core Shroud; BWRVIP-47-A for the In-Core Flux Monitoring Dry 
Tubes; and BWRVIP-25 for the Core Plate.  The inspection and evaluation guidelines of the 
identified BWRVIP reports are implemented by the BWR Vessel Internals Program for SSES. 
 
 
3.14.4  LICENSE RENEWAL COMMITMENT LIST 
 
The listing of commitments identified for SSES license renewal is provided in Table 3.14-1.  
These commitments are tracked within PPL’s regulatory commitment management program. 
 
 
3.14.5 NEWLY IDENTIFIED ITEMS (10 CFR 54.37 (b)) 
 
After the renewed license is issued, the FSAR update required by 10 CFR 50.71(e) must 
include any systems, structures, and components newly identified that would have been subject 
to an aging management review or evaluation of time-limited aging analyses in accordance with 
10 CFR 54.21. This FSAR update must describe how the effects of aging will be managed such 
that the intended function(s) in 10 CFR 54.4(b) will be effectively maintained during the period of 
extended operation. These newly identified items are listed in Table 3.14-2. 
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 re
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 m
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 b
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 b
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 m
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 d
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t b
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 c
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ro

ug
h 

pe
ne

tra
tio

ns
 (u

nd
er

gr
ou

nd
 p

ip
in

g)
 fo

r t
ho

se
 p
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at

 ti
m

e 
an

d 
w

ill
 in

cl
ud

e 
a 

re
pr

es
en

ta
tiv

e 
po

pu
la

tio
n 

of
 e

ac
h 

m
at

er
ia

l, 
en

vi
ro

nm
en

t 

3.
14

.2
.4

7 
P

rio
r t

o 
th

e 
pe

rio
d 

of
 e

xt
en

de
d 

op
er

at
io

n.
  



S
S

E
S

-F
S

A
R

 
Ta

bl
e 

R
ev

. 0
 

 FS
A

R
 R

ev
 6

5 
 

P
ag

e 
10

 o
f 2

1 

Ta
bl

e 
3.

14
-1

 

S
S

E
S

 L
ic

en
se

 R
en

ew
al

 C
om

m
itm

en
ts

 

Ite
m

 N
um

be
r 

C
om

m
itm

en
t 

FS
A

R
 

D
es

cr
ip

tio
n 

Lo
ca

tio
n 

E
nh

an
ce

m
en

t 
or

 
Im

pl
em

en
ta

tio
n 

S
ch

ed
ul

e 
co

m
bi

na
tio

n 
fro

m
 th

os
e 

pi
pi

ng
 s

ys
te

m
s 

w
ith

in
 th

e 
sc

op
e 

of
 li

ce
ns

e 
re

ne
w

al
 (w

hi
ch

 in
cl

ud
es

 th
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 b
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t p
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 p
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t F
ie

ld
 G

ui
de

,” 
to

 in
sp

ec
t e

la
st

om
er

s 
an

d 
po

ly
m

er
s 

fo
r 

cr
ac

ki
ng

 a
nd

/o
r c
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Table 3.14-2 
 

Newly Identified Structures, Systems, and Components (SSC) 

No. 
FSAR 

Revision 
No. 

SSC & Description Aging Management Review 
Conclusion Aging Management Program 

 
1 

 
69 

 
Backup Fire Protection System: 
• The original Backup Fire Protection 

System was installed in the plant at 
the time of the license renewal 
review, in accordance with the CLB 
at the time. The Backup Fire 
Protection System should have 
been included in the scope of 
license renewal per 10 CFR 
54.4(a); however, the system was 
not identified as in scope until after 
issuance of the renewed license. 
The Backup Fire Protection 
System (both the original and 2017 
modification) is credited to perform 
a function meeting the 
requirements of 10 CFR 50.48.†. 

 
† The backup diesel fire pump, 
backup jockey pump and other 
components were replaced with 
a modified design after the 
renewed license was issued 
and are therefore not subject to 
the provisions of 10 CFR 
54.37(b). As such, these SSCs 
are not in LR scope. 

Components added to 
scope because of this 
change: 
• Pipe 
• Valves 
• Well Water Storage 

Tank 
 
Materials of Construction: 
• Carbon Steel 
• Cast Iron 

 
Environments: 
• Buried 
• Outdoor (uncontrolled) 
• Sheltered 

 
Aging effects for the 
material/environment 
combinations: 
• Loss of material in 

carbon steel/cast iron 
in Potable Water, 
Outdoor, and Buried 
environments 

There are no changes required to any of 
the AMPs for fire protection as identified 
in LRA Table 3.3.2-13 for aging 
management of the newly identified 
SSCs. The material/environment 
combination is the same as the 
material/environment combination 
previously evaluated for the fire 
protection SSCs in the License Renewal 
Application, therefore, the aging effects 
and aging management programs 
previously credited are being used to 
manage the newly added backup fire 
protection system SSCs. 
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