
3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED RUPTURE 

OF PIPING 

 

This section describes the method of protection against dynamic effects 

associated with postulated ruptures in high energy and moderate energy piping 

located both inside and outside of the primary containment, as defined in 

Section 3.6.3.  The methods used to determine pipe rupture locations and to 

analyze the results of the ruptures - which include jet thrust forces, jet 

impingement forces, piping dynamic responses, and compartment pressure 

temperature transients - are also described.  A description is also provided 

for the design measures implemented to ensure that no function necessary to 

mitigate the consequences of a pipe rupture is lost during any postulated 

rupture. 

 

The definitions of terms used in this section are provided in Section 3.6.3. 

 

3.6.1  Postulated Piping Failures In Fluid Systems 

 

The failure of high or moderate energy piping could cause damage to surrounding 

structures, systems, and components.  Nuclear safety-related systems are 

designed to ensure that components required for the safe shutdown and isolation 

of the reactor do not fail as a result of a failure in a high or moderate 

energy piping system.  Depending on the fluid system involved and the rupture 

location, postulated piping failures can result in one or more of the following 

effects: pipe whip, jet impingement, environmental effects, i.e., pressure, 

temperature, and humidity; water spray; and flooding. 

 

Essential systems and components are protected from the effects listed below, 

unless it can be demonstrated that their function is not impaired: 

 

 1. Pipe whip - Pipe whip is the unrestrained movement of a pipe due to 

the reaction force imposed on the pipe by 
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  fluid discharging from a rupture.  Protection against pipe whip can 

be provided by interposing structural members between high energy 

piping and the essential systems and components, by providing pipe 

whip restraints on the high energy piping, or by locating essential 

systems and components sufficiently distant from high energy piping. 

Through wall cracks in moderate energy systems do not cause pipe 

whip.  Examples of typical pipe whip restraints are shown on 

Figure 3.6-1. 

 

  A whipping pipe is assumed to cause functional failure of an impacted 

pipe of smaller nominal pipe size.  The whipping pipe could also lead 

to the development of a through wall crack in an impacted pipe of the 

same nominal pipe size with thinner wall thickness.  The whipping 

pipe is assumed to have sufficient energy to cause the failure of 

impacted electrical cable and instrumentation, unless the equipment 

is shown to be sufficiently strengthened or protected. High energy 

piping is located away from the essential safety-related systems 

wherever practical.  Otherwise, piping is provided with pipe whip 

restraints. 

 

 2. Jet impingement - Jet impingement loads, resulting from postulated 

pipe failures, are considered for equipment and safety-related 

systems.  The blowdown of fluid from the rupture of a high energy 

pipe can exert forces on nearby equipment sufficient to damage the 

equipment.  Protection against jet impingement can be provided by 

installing jet impingement barriers to deflect the blowdown jet, or 

by locating essential systems and components a sufficient distance 

from high energy piping. 

 

  Jets from postulated pipe breaks in the drywell are analyzed in 

detail.  All equipment located within the potential impingement zone 

of a jet is identified as a target.  A target is not considered 

impacted when structural members or equipment shield it from the jet 
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  effects.  After all the targets are identified, they are tabulated by 

pipe break location.  Each target is then further organized into one 

of four safety categories: 

 

  a. Nonsafety-related equipment - This equipment consists of items 

that are not required either for safe shutdown or to mitigate 

the effects of any pipe break in question. 

 

  b. Essential safety-related equipment - This equipment consists of 

items that must remain in operation or be available for 

operation in order to accomplish safe shutdown or to mitigate 

the effects of the particular pipe break being examined. 

 

  c. Nonessential safety-related equipment - This equipment consists 

of items that are required for some postulated pipe breaks, but 

are not required for safe shutdown or to mitigate the effects of 

the particular pipe break being examined. 

 

  d. Redundant, essential safety-related equipment - This equipment 

consists of items that are designed to mitigate the effects of a 

postulated pipe break but, due to sufficient system redundancy 

and/or separation, may not actually be required for safe 

shutdown of the plant. 

 

  Nonsafety-related equipment, and redundant, essential safety-related 

and nonessential safety-related equipment are reviewed and identified 

only, whereas essential safety-related equipment is analyzed for 

functional as well as structural integrity.  The jet impingement 

loads are reduced by accounting for the frictional effects and target 

shape factors that reduce the total force on the target.  Where 

structural integrity of equipment or the function of essential 

safety-related equipment is exceeded 
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  by the calculated jet impingement force, protection is provided by 

spatial separation or by the addition of barriers or enclosures. 

 

  Jet impingement loads in the Reactor Building are reviewed along with 

other pipe break effects on a compartment by compartment basis. 

Structures designed to enclose and separate high energy piping from 

essential safety-related equipment are designed to sustain the 

predicted jet impingement and pipe whip loads.  Loss of the impacted 

safety-related systems occupying the compartment where the postulated 

pipe break occurs is considered in the evaluation of the plant's 

ability to shut down, cool down, or isolate. 

 

 3. Environmental - Ruptures in high energy piping result in the release 

of fluid that can increase temperature, pressure, humidity, and 

radiation levels in the vicinity of the pipe failure and also in 

remote areas that communicate with the local atmosphere.  Essential 

systems and components may be exposed to abnormal conditions that 

could degrade the capability of that equipment to perform its 

function.  Safety-related equipment is qualified to meet the above 

environmental conditions resulting from postulated breaks. 

 

  Piping systems whose failure could generate hazardous environmental 

conditions are generally located in compartments that are capable of 

being isolated from required safety-related systems.  Isolation of 

compartments that enclose high energy lines is provided by 

maintaining normally closed accessways; by sealing penetrations 

through walls and slabs; and by providing automatic isolation of 

other communication paths, such as ventilation ductwork, except where 

the design provides for steam venting through an adjacent 

compartment.  Compartments are designed to withstand the maximum 
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  internal pressurization that can develop as a result of a pipe 

failure, and are provided with vent capability to the atmosphere or 

adjacent areas where these effects would not escalate the event. 

Essential systems and components are either located in areas not 

affected by pipe ruptures or are qualified for operation under the 

maximum environmental conditions that they may be subjected to as a 

result of pipe ruptures. 

 

  Pressure rise analysis and verification of structural adequacy of 

enclosures used to provide protection are discussed in 

Sections 3.8.2, 3.8.3, and 3.8.4.  Transport of a steam environment 

that could affect the habitability of the main control room is 

discussed in Section 6.4.2. 

 

  Radiation is an additional environmental consequence of some pipe 

failures.  Essential equipment is designed to tolerate integrated 

exposure resulting from normal plant operations.  Essential equipment 

inside and outside the primary containment is designed for the 

additional exposure resulting from a design basis accident (DBA).  

Equipment qualification is discussed in Section 3.11, with other 

radiological considerations discussed in Section 12.1. 

 

 4. Water spray - Water itself is a hazard to certain equipment, 

particularly electrical equipment.  In most cases, spatial separation 

and intermediate obstructions are adequate to prevent spray from 

reaching the equipment.  Essential equipment, i.e., equipment that is 

required to operate under and/or mitigate the accident condition and 

that can potentially be subjected to water spray, is either designed 

to operate when wetted, or is protected from water sprays where 

necessary by barriers or equipment enclosure. 
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 5. Flooding - Any significant failure of a steam or fluid system may 

result in flooding in the vicinity of the rupture and in the 

compartments into which the released fluid drains.  The flooding rate 

and the total fluid volume released are based on the pipe break 

configuration, the service of the system, and the time required to 

isolate the system.  The plant drainage system handles minor releases 

of fluid with no adverse effects on essential systems and components. 

 

  Compartments containing safety-related equipment are designed with 

features that permit rapid detection and isolation of flooding 

resulting from major line breaks, except where it can be demonstrated 

that flooding would not affect the performance of that equipment or 

its redundant counterparts. 

 

  Because of the high degree of equipment and system separation in the 

plant, flooding of an Emergency Core Cooling System (ECCS) equipment 

room is limited to one division of equipment. 

 

3.6.1.1  Design Bases 

 

Pipe breaks are postulated to occur in all high energy fluid system piping, or 

a portion of the system, in accordance with the criteria in Section 3.6.2. Pipe 

cracks are postulated to occur in all moderate energy fluid system piping, in 

accordance with the criteria in Section 3.6.2.1.3. 

 

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: 
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 1. The ability to safely shut down the reactor and maintain it in a 

safe shutdown condition 

 

 2. Containment integrity 

 

 3. That a postulated pipe break on a line that is not part of the 

reactor coolant pressure boundary (RCPB) will not cause a loss of 

reactor coolant 

 

 4. Resultant radiation exposures are below the guideline values in 

10CFR50.67. 

 

In analyzing the effects of postulated pipe ruptures, the following assumptions 

are made: 

 

 1. Each pipe break in high energy fluid system piping or crack in 

moderate energy fluid system piping is considered separately as a 

single, postulated, initial event occurring during normal plant 

conditions. 

 

 2. Offsite power is assumed to be unavailable if a trip of the turbine 

generator or the Reactor Protection System (RPS) is a direct 

consequence of the postulated piping rupture. 

 

 3. A single, active component failure is assumed to occur in systems 

used to mitigate the consequences of the postulated piping rupture 

and to shut down the reactor, except as noted in item 4 below.  

 

 4. Where the postulated piping rupture is assumed to occur in one of 

the two redundant trains of either the Residual Heat Removal (RHR) 

System, Safety Auxiliaries Cooling System (SACS), Station Service 

Water System (SSWS), Auxiliary Building control Area chilled water 

system, a single active component failures in the other 
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  train is not assumed, as discussed in NRC Branch Technical Position 

(BTP) ASB 3-1, Paragraph B.3.b.(3).  These dual purpose, moderate 

energy systems are powered from both onsite and offsite sources and 

are designed, constructed, and inspected to standards appropriate 

for nuclear safety-related systems. 

 

 5. All available systems, including those actuated by operator 

actions, may be employed to mitigate the consequences of the 

postulated piping rupture.  In judging the availability of systems, 

both the postulated piping rupture and its direct consequences, and 

the assumed single active component failure and its direct 

consequences, are considered.  The feasibility of carrying out 

operator actions is judged on the availability of ample time and 

adequate access to equipment for the required actions. 

 

 6. An unrestrained whipping pipe is considered capable of causing 

functional failure in impacted piping of smaller nominal pipe size. 

 It could also lead to the development of through wall leakage 

cracks in impacted piping of equal or larger nominal pipe size with 

thinner wall thickness. 

 

A postulated pipe break inside the primary containment, up to and including a 

rupture of the recirculation piping, in conjunction with a safe shutdown 

earthquake (SSE) and a single active component failure, will not prevent the 

plant from achieving and maintaining reactor shutdown, maintaining containment 

integrity, and maintaining dose levels within 10CFR50.67 guidelines.  Outside 

the primary containment, the single failure is qualified to BTP ASB 3-1, 

Paragraph B.3.b. 
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3.6.1.2  Description 

 

A listing of high energy fluid system piping is provided in Table 3.6-1.  All 

other piping in the plant that is pressurized above atmospheric pressure is 

considered to be moderate energy piping.  The routing of high energy fluid 

system piping within the Reactor Building and the primary containment is shown 

on the isometric drawings referenced in Section 3.6.1.2.1. 

 

For each pipe rupture location determined in accordance with the criteria of 

Section 3.6.2.1, an analysis is performed using the assumptions of 

Section 3.6.1.1 to verify that the consequences of the pipe rupture are 

acceptable.  These analyses are summarized below for high energy and moderate 

energy fluid systems. 

 

Proximity of the essential systems and components to the high and moderate 

energy fluid system piping is reviewed and the essential systems and components 

are located with acceptable separation, unless the effects of pipe failure can 

be withstood. 

 

3.6.1.2.1  High Energy Fluid Systems 

 

All high energy fluid system piping is described in the following paragraphs. 

The discussion of each high energy fluid system includes a general system 

description and discussion of pipe break locations, the compartment pressure 

temperature transient, and a verification of the reactor shutdown capability. 

 

3.6.1.2.1.1  Main Steam System 

 

The four 26-inch main steam lines are routed as shown on Figure 3.6-2 for the 

portion inside the primary containment, and on Figure 3.6-3 for the portion 

outside the primary containment.  The A and B steam lines are connected to the 

south side of the reactor vessel and the C and D steam lines are connected to 

the north side of the vessel.  All four steam lines penetrate the east side of 

the 
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primary containment.  The portion of the Reactor Building through which the 

main steam lines are routed (between the primary containment and the Turbine 

Building) is referred to as the main steam tunnel and is separated from other 

areas of the reactor building by concrete walls and slabs.  Only piping, HVAC, 

valves, and associated instrumentation are located in the main steam tunnel.  

 

Figure 3.6-4 shows an elevation view of the main steam tunnel penetration 

chamber. 

 

The following features are incorporated into the design of the main steam line 

and nearby structures to mitigate the consequences of a main steam line break 

or to minimize the probability of its occurrence: 

 

 1. A venturi type flow restrictor is located in each main steam line 

inside the primary containment.  The flow restrictor reduces the 

rate of loss of reactor coolant from a main steam line break 

downstream of the restrictor.  The flow restrictors are described 

in Section 5.4.4. 

 

 2. Each main steam line is provided with three or four main steam 

safety/relief valves (SRVs) that reduce the probability of breaks 

by protecting the steam line against overpressurization.  The SRVs 

are described in Section 5.2.2. 

 

 3. Each main steam line is provided with two fast acting main steam 

isolation valves (MSIVs), one upstream and one downstream of the 

primary containment penetration.  These valves close automatically 

upon receipt of signals indicating high steam flow or high 

temperature in the vicinity of the main steam piping outside the 

primary containment, as well as upon receipt of other initiating 

signals discussed in Section 7.3.  This is done to 
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  terminate blowdown through breaks outside the primary containment. 

The MSIVs are described in Section 5.4.5. 

 

 4. Moment limiting pipe restraints are located upstream of the inboard 

MSIVs and downstream of the outboard MSIVs in order to ensure the 

operability of these valves in the event of a main steam line break 

in the general vicinity of the valves.  The piping between the 

containment inboard MSIV and the outboard MSIV is designed to the 

stress limit criteria of Section 3.6.2.1.1.1 so that no break is 

postulated in this region. 

 

The main steam lines are provided with pipe whip restraints inside the primary 

containment and in the main steam tunnel.  Typical restraints inside the 

primary containment are shown on Figure 3.6-1.  Figure 3.6-4 shows the 

locations of the restraints in the main steam tunnel.  As shown on Figures 3.6-

5 and 3.6-6, the anchor and restraint upstream and downstream of the outboard 

MSIVs span between the north and south walls of the tunnel and restrain all 

four steam lines.  A built-up member, shown on Figures 3.6-4 and 3.6-7, 

extending out from the north wall to the south wall of the main steam tunnel 

limits the possible upward movement of the upper elbow of each steam line in 

the tunnel.  Additionally, the vertical portion of the steam line run in the 

tunnel is restrained against the east wall of the tunnel at two separate 

locations, as shown on Figure 3.6-7. 

 

After entering the Turbine Building from the main steam tunnel, the main steam 

lines are routed along the west side of the turbine building before turning 

eastward and running to the turbines.  This arrangement is shown on Figure 3.6-

3. 

 

In reviewing the potential consequences of jet impingement resulting from main 

steam line breaks, it was determined that some breaks inside the primary 

containment could result in impingement on the 
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control rod drive (CRD) withdrawal piping.  Analysis shows no significant 

increase in scram times resulting from withdrawal line crimping under jet 

impingement loads, as discussed in Reference 3.6-3.  Electrical cabling 

associated with essential systems and components is either routed to avoid jet 

impingement, shown to be redundant, or has barriers, as necessary, to provide 

protection from postulated breaks of main steam piping. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the main steam piping are shown 

on Figures 3.6-2 and 3.6-3.  The calculated stress levels, usage 

factors, and postulated break types are listed in Tables 3.6-2 and 

3.6-3. 

 

 2. Compartment pressure temperature transients - the pressure 

temperature transient in the primary containment resulting from a 

complete circumferential break of one main steam line is discussed 

in Section 6.2.1. 

 

  Protection against overpressurization of the main steam tunnel in 

the event of a main steam line break in the tunnel is provided by 

two sets of blowout panels.  One set of blowout panels is located 

in the east wall of the penetration chamber of the main steam 

tunnel and vents to the auxiliary building main steam tunnel.  The 

second set of blowout panels is located in the steam vent that 

leads upward from the tunnel and discharges to the atmosphere above 

the top of the Auxiliary Building.  This steam vent is shown on 

Figures 3.6-8 and 3.6-39. 

 

  A pressure temperature transient analysis for a main steam line 

break in the tunnel was performed using the analytical technique 

described in Reference 3.6-1 and the blowdown data provided in 

Table 3.6-4.  The flow schematic diagram used is shown on 

Figures 3.6-40 and 3.6-9, and the results of the analysis are 

listed in Table 3.6-5 and 
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  shown graphically on Figures 3.6-41 through 3.6-44.  The main steam 

tunnel is designed to withstand the maximum pressure developed, and 

the MSIVs are qualified to operate under environmental conditions 

more severe than those calculated to occur. 

 

  Analysis shows that gross structural failure of the Turbine 

Building floors, steel framework and operating deck as a result of 

a main steam line break within the Turbine Building will not occur. 

 In this analysis, credit is taken for structural failure (blowout) 

of the insulated metal siding on the south and east exterior walls 

of the Turbine Building, above Elevation 125 feet 6 inches. 

 

 3. Verification of reactor shutdown capability - Breakage of a main 

steam line inside the primary containment would result in a 

nonisolable blowdown of the reactor vessel.  The sequence of events 

that would occur automatically to shut down the reactor and cool 

the core is discussed in Section 6.3.2. 

 

  For a main steam line break outside the primary containment, the 

MSIVs will be closed automatically because of high steam flow, low 

reactor water level, or high temperature in the vicinity of the 

main steam lines.  Closure of the MSIVs will cut off steam flow to 

the feedwater pump turbines, causing the pumps to coast down and 

stop.  The reactor will be tripped by low reactor water level or 

closure of the MSIVs.  After isolation of the reactor vessel, the 

Reactor Coolant System pressure will increase until the setpoint of 

the SRVs is reached.  Steam will then be automatically discharged 

to the suppression chamber to limit the pressure rise. 

 

  Low reactor water level will initiate operation of the High 

Pressure Coolant injection (HPCI) and Reactor Core 
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  Isolation Cooling (RCIC) Systems to maintain reactor water level. 

If both the HPCI and RCIC systems are unavailable, the Automatic 

Depressurization System (ADS) will be automatically initiated to 

depressurize the reactor vessel so that the Low Pressure Coolant 

Injection (LPCI) and Core Spray Systems can inject water into the 

vessel.  These latter two systems are initiated automatically by 

low reactor water level and will provide sufficient flow to restore 

reactor water level and cool the core. 

 

  After reactor water level has been restored, the operator will 

manually initiate a reactor shutdown.  When the Reactor Coolant 

System pressure and temperature have decreased sufficiently, the 

shutdown cooling mode of the RHR system can be manually initiated 

to bring the reactor to cold shutdown. 

 

  A combination of pipe whip restraints, jet impingement barriers, 

and separation by distance or intervening structures is used to 

ensure the availability of essential systems and components in the 

event of a main steam line break in either the primary containment 

or the main steam tunnel.  Essential systems and components located 

in these areas are qualified to operate under the environmental 

conditions resulting from such a break.  Since no essential systems 

and components are located in the turbine building, no special 

provisions are necessary to provide protection for equipment in 

this area from the effects of pipe breaks.  Where turbine building 

interactions may have indirect impact on essential systems, such as 

TACS impacts that could affect SACS, special separation, pipe whip 

pathways, concrete barriers and stress evaluations of pipe break 

locations can be considered as mitigating or protection factors. 

 

3.6.1.2.1.2  Reactor Recirculation System 

 

The two reactor recirculation loops are located entirely within the primary 

containment and are arranged on opposite sides of the reactor pedestal and 

biological shield.  Pipe whip restraints anchored in the reactor pedestal and 

biological shield are 
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provided for the recirculation loops and are arranged as shown on Figure 3.6-

10.  This system prevents unrestrained pipe whip resulting from a postulated 

rupture at any of the identified break locations.  The restraints are of two 

different designs: a U-strap design, and a frame type design.  The U-strap 

restraints consist of two basic components: the frame attached to a support 

member, and two straps attached to each frame.  Stainless steel bars or wire 

ropes are used as straps.  A schematic detail of a U-strap restraint is shown 

on Figure 3.6-11.  The frame type restraints are located at azimuths 90 and 

270 at an elevation of approximately 98 feet and are fabricated of steel 

plate. 

 

The postulated break locations on the reactor recirculation system lead to 

significant jet impingement loads on the CRD withdrawal lines.  However, 

analysis shows no significant increase in scram times resulting from CRD 

withdrawal line crimping under jet impingement loads, as discussed in 

Reference 3.6-3.  Complete severance of CRD withdrawal piping does not prevent 

the associated control rods from being inserted into the reactor core.  In 

addition, electrical cabling associated with essential systems and components 

is protected by routing to avoid jet impingement or is protected by adding jet 

impingement barriers. 

 

 1. Pipe break locations - The postulated pipe break locations for the 

recirculation loop piping are shown on Figure 3.6-12.  The 

calculated stress levels, usage factors, and postulated break types 

are listed in Table 3.6-6.  The blowdown time history for a 

recirculation system pipe break is provided in Table 3.6-7. 

 

 2. Compartment pressure temperature transient - The pressure 

temperature transient in the primary containment resulting from a 

complete circumferential rupture of one recirculation loop is 

discussed in Section 6.2.1. 
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 3. Verification of reactor shutdown capability - The automatic 

sequence of events that shuts down the reactor and cools the core 

in the event of a recirculation loop rupture is discussed in 

Section 6.3.2.  A combination of pipe whip restraints, jet 

impingement barriers, and separation by distance is used to ensure 

the availability of sufficient equipment to accomplish these 

functions. 

 

3.6.1.2.1.3  Feedwater System 

 

The discharge lines from the three reactor feedwater pumps are routed into a 

common mixing header in the Turbine Building.  From this header, two parallel 

24-inch feedwater lines enter the main steam tunnel and then penetrate the 

primary containment.  Inside the primary containment, the two lines diverge to 

form symmetrical headers on opposite sides of the reactor vessel.  Each header 

splits into three 12-inch risers that attach to the reactor vessel nozzles. The 

routing of the feedwater lines in the main steam tunnel and the primary 

containment is shown on Figures 3.6-13 and 3.6-14. 

 

Each feedwater containment penetration is provided with three check valves as 

containment isolation valves: one inside primary containment, and two in the 

main steam tunnel.  In the event of a feedwater line break outside the primary 

containment, these check valves close to prevent backflow from the reactor 

vessel.  Thus, flow from the break comes from the feedwater pump side only. 

 

Moment limiting pipe restraints ensure the operability of the outboard 

containment isolation valve closest to the primary containment in the event of 

a feedwater line break.  The inboard valve and the second outboard valve need 

not be protected from overstress due to pipe whip, since only one of these 

valves may be damaged by a single pipe break and the two remaining isolation 

valves provide adequate redundancy to ensure the containment isolation 

function.  See Reference 3.6-11 for the results of the analyses of the 

feedwater check valves. 
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The feedwater lines are provided with pipe whip restraints inside the primary 

containment, and in the main steam tunnel.  Typical restraints inside the 

primary containment are shown on Figure 3.6-1.  The restraint in the tunnel, 

RS-1, spans between the north and south walls of the tunnel and limits the 

motion of both feedwater lines on pipe break, as shown on Figure 3.6-6.  A 

built-up member from the north wall to the south wall of the steam tunnel 

limits the possible upward movement of the upper elbows of the feedwater lines, 

as shown on Figure 3.6-4. 

 

In reviewing the potential consequences of jet impingement resulting from 

feedwater line breaks, it was determined that breaks near the first elbow 

inside the primary containment would result in impingement on the MSIV 

operators.  Steel plate barriers have been provided to protect the operability 

of the MSIVs from this source of impingement.  Electrical cabling associated 

with essential systems and components is routed to avoid jet impingement, or 

jet impingement barriers have been provided for protection, from postulated 

breaks of feedwater piping. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the feedwater piping are shown on 

Figures 3.6-13 and 3.6-14.  The calculated stress levels, usage 

factors, and postulated break types are listed in Tables 3.6-8 and 

3.6-9. 

 

 2. Compartment pressure temperature transients - The pressure 

temperature transient in the primary containment resulting from a 

break of any of the feedwater lines in the drywell is exceeded in 

severity by the transients resulting from recirculation loop and 

main steam line breaks, which are discussed in Section 6.2.1.  The 

pressure temperature transient resulting from a feedwater line 

break in the main steam tunnel or the Turbine Building is exceeded 

in severity by the transient 
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  resulting from a main steam line break, which is discussed in 

Section 3.6.1.2.1.1. 

 

 3. Verification of reactor shutdown capability - A feedwater line 

break inside the primary containment would result in a nonisolable 

blowdown of the reactor vessel.  The automatic sequence of events 

that shuts down the reactor and cools the core is discussed in 

Section 6.3.2. 

 

  An analysis to determine the feedwater check valve dynamics and 

stresses following a double ended break of the feedwater line 

outside containment has been performed.  The RELAP 5/ MOD 1 

computer code was used to predict the maximum valve disc angular 

velocity and the peak pressures upstream and downstream of the 

valve disc following closure.  In addition, a sensitivity analysis 

was performed to select the feedwater check valve that yields the 

most conservative stress results. 

 

  An inelastic stress analysis was performed on the valve body, disc, 

hinge arm, and valve seat with the calculated stresses determined 

to be less than stress allowables.  In addition, the maximum 

displacement of the hinge arm before and after valve disc closure 

was determined and deemed acceptable.  Stresses were evaluated for 

the faulted condition based on the methods for analysis and design 

limits contained in Appendix F of the ASME B&PV Code, Section III. 

 

  For a feedwater line break outside the primary containment, 

differential pressure across the containment isolation check valves 

in the reverse direction causes these valves to close rapidly, 

isolating the reactor vessel from the break.  The loss of feedwater 

flow causes the reactor water level to drop, initiating a reactor 
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  scram when the reactor water level 3 trip point is reached.  Water 

level continues to drop because of steam generation from decay 

heat, causing closure of the MSIVs when the level 1 trip point is 

reached, as well as initiation of the RCIC and HPCI systems when 

the reactor water level 2 trip point is reached.  Once the reactor 

has been scrammed and the Reactor Coolant System isolated, the 

sequence of events is similar to that for a main steam line break 

outside the primary containment. 

 

  A combination of pipe whip restraints, jet impingement barriers, 

and separation by distance or intervening structures is used to 

ensure the availability of essential systems and components in the 

event of a feedwater line break in either the drywell or the main 

steam tunnel.  Since no essential systems and components are 

located in the Turbine Building, no special provisions are 

necessary to provide protection for equipment in this area from the 

effects of pipe breaks. 

 

3.6.1.2.1.4  Condensate System 

 

The Condensate System is located entirely within the Turbine Building.  No pipe 

whip restraints are provided for the condensate piping. 

 

 1. Pipe break locations - Since the condensate system consists of non-

nuclear class piping, breaks are postulated to occur at each 

location of potential high stress, such as pipe fittings, valves, 

and welded attachments.  Breaks need not be postulated at locations 

that are subject to low stresses, consistent with Section 

3.6.2.1.1. 

 

 2. Compartment pressure temperature transients - Since the normal 

fluid temperature in the Condensate System is less than 135F, no 

significant pressure temperature transient results from a 

condensate line break. 
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 3. Verification of reactor shutdown capability - In the event of a 

condensate line break, low suction pressure causes the feedwater 

pumps to trip.  A subsequent loss of feedwater flow results in 

closure of the containment isolation check valves, thus preventing 

reactor blowdown through the break.  The sequence of events that 

occur from this point on is the same as for breakage of a feedwater 

line outside the primary containment. 

 

  Because no essential systems and components are located in the 

Turbine Building, special provisions are not necessary to protect 

equipment in this area from the effects of pipe breaks.  The 

flooding effects of a condensate line break are exceeded by the 

effects of a circulating water line expansion joint rupture in the 

Turbine Building, which is discussed in Sections 10.4.1 and 10.4.5. 

 

3.6.1.2.1.5  Reactor Water Cleanup System 

 

The Reactor Water Cleanup (RWCU) System takes suction from each reactor 

recirculation loop within the primary containment.  Two 4-inch RWCU suction 

lines converge into one 6-inch RWCU suction line that is routed up to Elevation 

150 feet 6 inches, at which point it penetrates the primary containment.  The 

RWCU piping is then routed through the various RWCU equipment compartments at 

Elevations 132 feet, 145 feet, and 162 feet in the Reactor Building, including 

the pipe chase compartment, the regenerative and nonregenerative heat exchanger 

compartment, two filter/demineralizer compartments, and two RWCU recirculation 

pump compartments.  The RWCU return piping is routed from the pipe chase 

compartment directly into the main steam tunnel, where the piping branches into 

two 4-inch lines.  One line connects to the A feedwater line, and the other 

connects to the B feedwater line.  Both of these connections to the feedwater 

lines are located between the two outboard containment isolation valves in the 

feedwater lines. 
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The RWCU suction line is provided with two fast acting isolation valves, one 

upstream and one downstream of the primary containment penetration.  These 

valves close automatically upon receipt of signals indicating high differential 

flow (ratio of RWCU suction to return) or high temperature in the vicinity of 

the RWCU piping outside the drywell, as well as upon receipt of other 

initiating signals discussed in Section 7.3.  This is done in order to 

terminate blowdown through breaks outside the drywell.  To ensure the 

operability of these valves in the event of a RWCU suction line break, moment 

limiting pipe restraints are located upstream of the inboard containment 

isolation valve and downstream of the outboard containment isolation valve. 

Whip restraints are also located on the portion of the RWCU suction line within 

the drywell. 

 

In reviewing the potential consequences of jet impingement resulting from RWCU 

line breaks, it was determined that breaks in the RWCU return lines in the main 

steam tunnel do not impinge on any essential equipment.  It was also determined 

that RWCU line breaks in the pipe chase compartment do not result in 

unacceptable impingement on the RWCU outboard containment isolation valve, 

since the containment isolation valve is far from the closest break location. 

However, a RWCU line break in this compartment will result in impingement on 

the containment spray system containment isolation valves.  These isolation 

valves are motor operated and "fail as is." Also, this system is not needed to 

mitigate the effects of the RWCU line break.  Therefore, protective barriers 

are not needed. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the RWCU piping inside and 

outside the primary containment are shown on Figures 3.6-15 and 

3.6-16, respectively.  The calculated stress levels, usage factors, 

and postulated break types for these portions of the RWCU piping 

are listed in Tables 3.6-10 and 3.6-11. 
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 2. Compartment pressure temperature transients - The pressure 

temperature transient in the primary containment resulting from a 

break in the drywell portion of the RWCU suction line is exceeded 

in severity by the transients resulting from recirculation loop, 

main steam line, and intermediate size breaks, which are discussed 

in Section 6.2.1. 

 

  Protection against overpressurization of the RWCU equipment 

compartments in the reactor building as a result of RWCU line 

breaks in these areas is provided by interconnecting steam venting 

paths between the various compartments and by blowout panels 

leading to the outside atmosphere. 

 

  The RWCU heat exchanger compartment vents directly into the pipe 

chase compartment.  Two of the four pump rooms vent directly to the 

pipe chase compartment.  These two pump rooms serve as part of the 

vent path for the remaining pump rooms.  The pipe chase compartment 

is vented to the suppression chamber compartment, and then to steam 

vent located on the west side of the reactor building.  The steam 

vent is open to the atmosphere at its upper end via a set of 

blowout panels.  This venting pathway is shown on Figure 3.6-45. 

 

  Pressure temperature transient analyses for cases involving RWCU 

line breaks in the RWCU equipment compartments are performed using 

the analytical technique described in Reference 3.6-16 and with the 

blowdown data provided in Table 3.6-4.  These blowdown data are 

developed using Reference 3.6-2.  The flow schematic diagram used 

for breaks in the RWCU equipment compartments is shown on 

Figure 3.6-17, and the results of the analyses are listed in 

Table 3.6-5.  Pressure and temperature 
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  transient curves for a RWCU filter demineralizer line break in the 

filter demineralizer room are shown on Figures 3.6-46 and 3.6-47, 

respectively. 

 

  The RWCU equipment compartments are designed to withstand the 

maximum pressure due to a pipe break.  The outboard containment 

isolation valves for the RWCU system and other systems located in 

the pipe chase compartment are designed to operate under 

environmental conditions more severe than those calculated to occur 

due to a pipe break. 

 

 3. Verification of reactor shutdown capability - A RWCU suction line 

break inside the drywell results in a nonisolable blowdown of the 

reactor vessel.  The automatic sequence of events that shuts down 

the reactor and cools the core is discussed in Section 6.3.2. 

 

  For a RWCU line break outside the drywell, the RWCU containment 

isolation valves are closed automatically due to high differential 

flow in the RWCU system or high temperature in the RWCU equipment 

compartments.  Backflow from the feedwater lines into the RWCU 

return line is prevented by closure of the two check valves in the 

return line.  If the break occurs in the RWCU piping within the 

main steam tunnel, the MSIVs will close automatically due to high 

temperature in the tunnel.  Once MSIV isolation has occurred, the 

sequence of events is similar to that for a main steam line break 

outside the primary containment.  If the break occurs in the RWCU 

equipment compartments, however, no reactor scram or MSIV closure 

results, due to the rapid termination of blowdown.  After 

investigation of the cause of the RWCU system isolation, the 

operator initiates a normal shutdown of the reactor. 
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  A combination of pipe whip restraints, jet impingement barriers, 

and separation by distance or intervening structures ensures the 

availability of essential systems and components in the event of an 

RWCU line break occurring in the drywell, the main steam tunnel, 

torus compartment, or the RWCU equipment compartments. Essential 

systems and components located in these areas and the suppression 

chamber compartment are designed to operate under the environmental 

conditions resulting from the break.  Among the RWCU equipment 

compartments, only the pipe chase compartment contains safety-

related equipment: the primary containment purge line, the 

containment spray lines, HVAC isolation instrumentation, and the 

RWCU outboard containment isolation valve.  The containment 

isolation valves in the purge containment spray lines are normally 

closed during reactor operation and are not required to operate 

after a RWCU line break outside primary containment.  Therefore, 

they require no protection.  RWCU pipe breaks in the torus 

compartment were reviewed to verify that no essential component 

would be adversely affected. 

 

3.6.1.2.1.6  HPCI Steam Supply Line 

 

The HPCI steam supply piping has a nominal diameter of 10 inches for the 

portion inside the drywell and 12 inches for most of the portion outside the 

drywell.  The supply line connects to main steam line C inside the drywell. The 

line penetrates the drywell at Elevation 106 feet 1-1/4 inches, entering the 

HPCI pipe chase compartment located at Elevation 99 feet 9 inches in the 

Reactor Building.  It then penetrates the floor of the HPCI pipe chase 

compartment and runs toward the HPCI pump compartment located at Elevation 

54 feet.  The routing of this line is shown on Figures 3.6-18 and 3.6-19. 

During normal reactor operation, the supply line is pressurized from main steam 

line C up to HPCI turbine steam supply valve HV-F001. 
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The HPCI steam supply line is provided with two fast acting isolation valves, 

one upstream and one downstream of the primary containment penetration.  These 

valves close automatically upon receipt of signals indicating high steam flow 

or high temperature in the vicinity of the HPCI piping outside the drywell, as 

well as upon receipt of other initiating signals discussed in Section 7.3. This 

is done in order to terminate blowdown through breaks outside the drywell. 

 

Moment limiting pipe restraints are located upstream of the inboard containment 

isolation valve and downstream of the outboard containment isolation valve in 

order to ensure the operability of these valves in the event of a break in the 

HPCI steam supply line near the valves.  Pipe whip restraints are also located 

on the HPCI steam supply line in the drywell, in the HPCI pipe chase 

compartment at Elevation 99 feet 9 inches, in the HPCI pump compartment and the 

torus compartment.  Typical restraints inside the drywell are shown on 

Figure 3.6-1. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the HPCI steam supply line are 

shown on Figure 3.6-18 for the portion of the line inside the 

drywell and on Figure 3.6-19 for the portion of the line outside 

the drywell.  The calculated stress levels, usage factors, and the 

postulated break types are listed in Tables 3.6-12 and 3.6-13. 

 

 2. Compartment pressure temperature transients - The pressure 

temperature transient in the primary containment resulting from a 

break in the portion of the HPCI steam supply line in the drywell 

is exceeded in severity by the transients resulting from 

recirculation loop breaks and main steam line breaks, which are 

discussed in Section 6.2.1. 
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  Protection against overpressurization of the HPCI pump compartment 

and of the HPCI pipe chase compartment at Elevation 99 feet 

9 inches in the Reactor Building, as a result of HPCI steam supply 

line breaks in these areas, is provided by steam venting paths and 

blowout panels leading to the outside atmosphere.  The HPCI pipe 

chase compartment is vented to the atmosphere via blowout panels 

located on the west side of the Reactor Building, as shown on Plant 

Drawings P-0044-1 and P-0045-1.  The HPCI pump compartment is 

vented to the suppression chamber compartment via hinged, metal 

plate blowout panels located in the HPCI pump compartment wall at 

Elevation 71 feet.  These hinged panels open to relieve pressure in 

the HPCI pump compartment, but do not allow pressurization of the 

suppression chamber compartment to result in steam flow back into 

the HPCI pump compartment. 

 

  Pressure transient analyses for cases involving HPCI steam supply 

line breaks in the HPCI pump compartment and in the HPCI pipe chase 

compartment area are performed using the analytical technique 

described in Reference 3.6-1 and with the blowdown data provided in 

Table 3.6-4.  The flow schematic diagram used for breaks in these 

two compartments is shown on Figure 3.6-17, and the results of the 

analyses are listed in Table 3.6-5.  Pressure and temperature 

transient curves for a HPCI steam supply line break in the HPCI 

pump compartment are shown on Figures 3.6-20 and 3.6-21, 

respectively. 

 

  The HPCI pump compartment, the torus compartment, and the pipe 

chase compartment are designed to withstand the maximum pressures 

due to a pipe break.  No equipment located in the HPCI pump 

compartment is required to operate following a break of the HPCI 

steam supply line, except the sensing lines leading to PDSH 9434-1 

and 
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  9434-2.  These sensing lines are not impacted by the jets caused by 

postulated breaks in the HPCI pump compartment.  All equipment 

located in the HPCI pipe chase compartment and suppression chamber 

compartment that is required to operate following a break of the 

HPCI steam supply line is qualified to operate under environmental 

conditions more severe than those calculated to occur due to pipe 

break. 

 

 3. Verification of reactor shutdown capability - A HPCI steam supply 

line break inside the drywell results in a nonisolable blowdown of 

the reactor vessel.  The automatic sequence of events that shuts 

down the reactor and cools the core is discussed in Section 6.3.2. 

 

  For a HPCI steam supply line break outside the drywell, the steam 

supply line containment isolation valves are closed automatically, 

terminating reactor vessel blowdown.  No reactor scram occurs, due 

to the rapid termination of blowdown.  After investigating the 

cause of the HPCI steam supply line isolation, the operator 

initiates a normal shutdown of the reactor. 

 

  A combination of pipe whip restraints and separation by distance or 

intervening structures ensures the availability of essential 

systems and components in the event of a HPCI steam supply line 

break occurring in the drywell, the HPCI pipe chase compartment, or 

the HPCI pump compartment.  Essential systems and components 

located in these areas are designed to operate under the 

environmental conditions resulting from the break.  Electrical 

cabling associated with essential systems and components is either 

routed to avoid jet impingement, or jet impingement barriers are 

provided. 
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One pipe whip restraint is provided for the portion of the HPCI 

steam supply line located within the HPCI pump compartment.  This 

whip restraint is provided for the protection of penetrations and 

SACS cooling water lines from the consequences of pipe whip due to 

a HPCI line break adjacent to the turbine. 

 

3.6.1.2.1.7  RCIC Steam Supply Line 

 

The RCIC steam supply line has a nominal diameter of 4 inches for the portion 

inside the drywell and 6 inches for the portion outside the drywell.  The 

supply line connects to main steam line A inside the drywell.  The line 

penetrates the drywell and enters the RCIC pipe chase compartment at Elevation 

106 feet.  At Elevation 99 feet 9 inches in the Reactor Building, the line 

enters the suppression chamber compartment.  It then enters the RCIC pump 

compartment located at elevation 54 feet.  The routing of this line is shown on 

Figures 3.6-22 and 3.6-23.  During normal reactor operation, the line is 

pressurized from the main steam line up to RCIC turbine steam supply valve HV-

F045. 

 

The RCIC steam supply line is provided with two fast acting isolation valves, 

one upstream and one downstream of the primary containment penetration.  These 

valves close automatically upon receipt of signals indicating high steam flow 

or high temperature in the vicinity of the RCIC piping outside the drywell, as 

well as upon receipt of other initiating signals discussed in Section 7.3. This 

is done in order to terminate blowdown through breaks outside the drywell. 

 

Moment limiting pipe restraints are located upstream of the inboard containment 

isolation valve and downstream of the outboard containment isolation  valve in 

order to ensure the operability of these valves in the event of a break in the 

RCIC steam supply line near the valves.  Pipe whip restraints are also located 

on the RCIC 
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steam supply line inside the drywell, in the RCIC pipe chase compartment, and 

in the suppression chamber compartment in the Reactor Building.  Typical 

restraints inside the drywell are shown on Figure 3.6-1. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the RCIC steam supply line are 

shown on Figure 3.6-22 for the portion of the line inside the 

drywell and on Figure 3.6-23 for the portion of the line outside 

the drywell.  The calculated stress levels, usage factors, and 

postulated break types are listed in Tables 3.6-14 and 3.6-15. 

 

 2. Compartment pressure temperature transients - The pressure 

temperature transient in the primary containment resulting from a 

break in the portion of the RCIC steam supply line in the drywell 

is exceeded in severity by the transients resulting from 

recirculation loop breaks and main steam line breaks, which are 

discussed in Section 6.2.1. 

 

  Protection against overpressurization of the RCIC pump compartment 

and of the RCIC pipe chase compartment at Elevation 99 feet 

9 inches in the Reactor Building as a result of RCIC steam supply 

line breaks in these areas is provided by steam venting paths to 

the suppression chamber compartment, and then to a steam vent 

containing blowout panels leading to the outside atmosphere.  The 

steam vent and blowout panels are located on the west side of the 

Reactor Building, as shown on Plant Drawings P-0044-1 and P-0045-1. 

The RCIC pump compartment is vented to the suppression chamber 

compartment via hinged, metal plate blowout panels located in the 

RCIC pump compartment wall at Elevation 71 feet.  These hinged 

panels open to relieve pressure in the RCIC pump compartment, but 

do not allow pressurization of the suppression chamber compartment 

to result in steam flow back into the RCIC pump compartment. 
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  Pressure temperature transient analyses for cases involving RCIC 

steam supply line breaks in the RCIC pump compartment and the RCIC 

pipe chase compartment were performed using the analytical 

technique described in Reference 3.6-1 and the blowdown data 

provided in Table 3.6-4.  The flow schematic diagram used for 

breaks in these two compartments is shown on Figure 3.6-17, and the 

results of the analyses are listed in Table 3.6-5.  Pressure and 

temperature transient curves for a RCIC steam supply line break in 

the RCIC pump room are shown on Figures 3.6-24 and 3.6-25, 

respectively. 

 

  The RCIC pump compartment is designed to withstand the maximum 

pressure due to pipe break.  No equipment located in the RCIC pump 

compartment is required to operate following a RCIC steam supply 

line break, except the sensing lines to PDSH 9435-1 and 9435-2. 

These sensing lines do not receive jet impingement or pipe whip 

loading.  The pressure temperature transient in the suppression 

chamber compartment at the 54-foot elevation, resulting from a 

break in the portion of the RCIC steam supply line within that 

compartment, is exceeded in severity by the transient resulting 

from a HPCI steam supply line rupture in the same compartment.  All 

equipment located in the suppression chamber compartment that is 

required to operate following a break of the RCIC steam supply line 

is qualified to operate under environmental conditions more severe 

than those calculated to occur due to a break of the HPCI steam 

supply line. 

 

 3. Verification of reactor shutdown capability - A RCIC steam supply 

line break inside the drywell results in a nonisolable blowdown of 

the reactor vessel.  The automatic sequence of events that shuts 

down the reactor and cools the core is discussed in Section 6.3.2. 
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  For a RCIC steam supply line break outside the drywell, the steam 

supply line containment isolation valves are closed automatically 

on high steam flow, terminating reactor vessel blowdown.  No 

reactor scram occurs, due to the rapid termination of blowdown. 

After investigation of the cause of the steam supply line 

isolation, the operator initiates a normal shutdown of the reactor. 

 

  A combination of pipe whip restraints and separation by distance or 

intervening structures ensures the availability of essential 

systems and components in the event of a RCIC steam supply line 

break occurring in the drywell, the RCIC pipe chase compartment, 

the suppression chamber compartment, or the RCIC pump compartment. 

Essential systems and components located in these areas are 

designed to operate under the environmental conditions resulting 

from the break.  Electrical cabling associated with essential 

systems and components is either routed so as to avoid jet 

impingement, or jet impingement barriers are provided. 

 

  No pipe whip restraints are provided for the portion of the RCIC 

steam supply line located within the RCIC pump compartment, because 

no essential systems or component are impacted by a jet or a pipe 

whip. 

 

3.6.1.2.1.8  Main Steam Drain Lines 

 

The main steam drain lines connect to the four main steam lines, both inside 

and outside the drywell.  Inside the drywell, 2-inch drain lines that connect 

to each of the main steam lines are headered together into a single 3-inch 

line, which then penetrates the primary containment.  This 3-inch drain header 

has two normally open containment isolation valves, one upstream and one 
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downstream of the primary containment penetration.  The inboard and outboard 

isolation valves are provided with valve operability restraints.  The routing 

of the main steam drain lines is shown on Figures 3.6-26 and 3.6-27. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the main steam drain lines are 

shown on Figures 3.6-26 and 3.6-27.  The calculated stress levels, 

usage factors, and postulated break types are listed in Tables 3.6-

16 and 3.6-17. 

 

 2. Compartment pressure temperature transients - The pressure 

transient in the primary containment resulting from a break in a 

main steam drain line within the drywell is exceeded in severity by 

transients resulting from recirculation loop breaks and main steam 

line breaks.  The temperature transient in the primary containment 

resulting from a main steam drain line break is exceeded in 

severity by the transient resulting from an intermediate size 

break.  These design basis transients are discussed in 

Section 6.2.1. 

 

  The pressure temperature transient in the main steam tunnel 

resulting from a main steam drain line break within the tunnel is 

exceeded in severity by the transient resulting from a main steam 

line break. 

 

 3. Verification of reactor shutdown capability - A main steam drain 

line break inside the drywell results in a nonisolable blowdown of 

steam from the reactor vessel through the broken line.  The 

automatic sequence of events that shuts down the reactor and cools 

the core is discussed in Section 6.3.2. 
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  For the case of a main steam drain line break inside the main steam 

tunnel, the resultant temperature rise in the tunnel causes both 

the MSIVs and the main steam drain line containment isolation 

valves to close automatically, thereby terminating steam blowdown 

through the break.  After the isolation valves have been closed, 

the sequence of events is similar to that for a main steam line 

break outside the drywell. 

 

  A combination of pipe whip restraints and separation by distance or 

intervening structures is used to ensure the availability of 

essential systems and components in the event of a main steam drain 

line break in either the drywell or the main steam tunnel. 

 

3.6.1.2.1.9  RPV Head Vent Line 

 

The RPV head vent line is a 2-inch line located entirely within the drywell. 

From its connection point to a flanged nozzle on the RPV top head, the line is 

routed horizontally and then generally downward to a penetration through the 

containment seal plate.  From this point, the line continues downward to its 

connection with the 26-inch main steam line A. 

 

 1. Pipe break locations - The postulated pipe break locations for the 

RPV head vent line are shown on Figure 3.6-28.  

 

  The calculated stress levels, usage factors, and postulated break 

types are listed in Table 3.6-18. 

 

 2. Compartment pressure temperature transients - Since the RPV head 

vent line is located entirely within the drywell, breakage of this 

line has no effect on plant areas outside the primary containment. 

The pressure transient in the primary containment resulting from a 

break in the RPV head 
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  vent line is exceeded in severity by transients resulting from 

recirculation loop breaks and main steam line breaks.  The 

temperature transient in the primary containment resulting from a 

break in the RPV head vent line is exceeded in severity by the 

transient resulting from an intermediate size break.  These design 

basis transients are discussed in Section 6.2.1. 

 

 3. Verification of reactor shutdown capability - An RPV head vent line 

break results in a nonisolable blowdown of steam into the drywell. 

 The automatic sequence of events that shuts down the reactor and 

cools the core is discussed in Section 6.3.2. 

 

  Separation by distance or intervening structures ensures the 

availability of essential systems and components in the event of an 

RPV head vent line break. 

 

3.6.1.2.1.10  Standby Liquid Control Injection Line 

 

The discharge lines from the two standby liquid control (SLC) injection pumps 

are headered together outside the drywell and penetrate the drywell as a single 

1-1/2 inch line.  This line traverses the lower part of the drywell, and 

connects to the A core spray injection loop line.  The SLC injection line is 

provided with three containment isolation valves: two parallel stop check 

valves outside the drywell, and a simple check valve inside the drywell.  Only 

that portion of the line between the reactor vessel nozzle and the inboard 

check valve is considered high energy during periods when the reactor is 

pressurized. 

 

 1. Pipe break locations - The postulated pipe break locations for the 

SLC injection line are shown on Figure 3.6-29.  The calculated 

stress levels, usage factors, and postulated break types are listed 

in Table 3.6-19. 
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 2. Compartment pressure temperature transients - Since the high energy 

portion of the SLC injection line is located entirely within the 

drywell, a break of this line has no effect on plant areas outside 

the primary containment.  The pressure temperature transient inside 

the primary containment resulting from a break in the SLC injection 

line is exceeded in severity by the transients resulting from 

recirculation loop breaks and main steam line breaks, which are 

discussed in Section 6.2.1. 

 

 3. Verification of reactor shutdown capability - A SLC injection line 

break between the RPV and the first check valve in that line 

results in a nonisolable blowdown from the reactor vessel into the 

drywell.  The automatic sequence of events that shuts down the 

reactor and cools the core is discussed in Section 6.3.2. 

 

  Separation by distance and/or intervening structures ensures the 

availability of essential systems and components in the event of a 

SLC injection line break. 

 

3.6.1.2.1.11  RHR Shutdown Cooling Suction Line 

 

The RHR shutdown cooling suction line is a 20-inch line connected to reactor 

recirculation loop B.  The line is routed horizontally and vertically to its 

containment penetration at Elevation 106 feet.  The line is provided with two 

normally closed containment isolation valves, one inboard and one outboard of 

the primary containment penetration.  Thus, only that portion of the line 

between the recirculation loop and the inboard containment isolation valve is 

considered high energy.  The routing of the line is shown on Figure 3.6-30. 

 

The RHR shutdown cooling suction line is provided with pipe whip restraints on 

the portion of the line inside the drywell.  Examples of these restraints are 

shown on Figure 3.6-1. 
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 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the RHR shutdown cooling suction 

line are shown on Figure 3.6-30.  The calculated stress levels, 

usage factors, and postulated break types are listed in Table 3.6-

20. 

 

 2. Compartment pressure temperature transients - Since the high energy 

portion of the RHR shutdown cooling suction line is located 

entirely within the drywell, a break in the line has no effect on 

plant areas outside the primary containment.  The pressure 

temperature transient in the primary containment resulting from a 

break in the RHR shutdown cooling suction line is exceeded in 

severity by the transients resulting from recirculation loop breaks 

and main steam line breaks, which are discussed in Section 6.2.1. 

 

 3. Verification of reactor shutdown capability - An RHR shutdown 

cooling suction line break results in a nonisolable blowdown of the 

reactor vessel into the drywell.  The automatic sequence of events 

that shuts down the reactor and cools the core is discussed in 

Section 6.3.2. 

 

  A combination of pipe whip restraints and separation by distance or 

intervening structures ensures the availability of essential 

systems and components in the event of a break in the RHR shutdown 

cooling suction line. 

 

3.6.1.2.1.12  RHR Shutdown Cooling Return Lines 

 

One 12-inch RHR shutdown cooling return line is associated with RHR loop A and 

a second return line is associated with RHR loop B.  The two lines are routed 

almost symmetrically on opposite sides of the drywell.  Each RHR shutdown 

cooling return line from the discharge 
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of the associated RHR pump and heat exchanger penetrates the drywell at 

Elevation 106 feet.  Each line is then routed to its connection with the 

discharge riser of the reactor recirculation loop at Elevation 114 feet 4-

1/2 inches.  The routing of this piping is shown on Figure 3.6-31. 

 

Each RHR shutdown cooling return line is provided with a motor operated, 

normally closed, globe type containment isolation valve outside the drywell. 

There is also a check valve in each return line inside the drywell.  Only that 

portion of the line between the reactor recirculation line and the inboard 

check valve is considered high energy. 

 

Each RHR shutdown cooling return line is also provided with pipe whip 

restraints on the portion of the line inside the drywell.  Examples of these 

restraints are shown on Figure 3.6-1. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the RHR shutdown cooling return 

lines are shown on Figure 3.6-31.  The calculated stress levels, 

usage factors, and postulated break types are listed in Table 3.6-

21. 

 

 2. Compartment pressure temperature transients - Since the high energy 

portion of the RHR shutdown cooling return lines is located 

entirely within the drywell, a break in one of the lines has no 

effect on plant areas outside the primary containment.  The 

pressure temperature transient in the primary containment resulting 

from a break in an RHR shutdown cooling return line is exceeded in 

severity by the transients resulting from recirculation loop breaks 

and main steam line breaks, which are discussed in Section 6.2.1. 
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 3. Verification of reactor shutdown capability - An RHR shutdown 

cooling return line break results in a nonisolable blowdown of the 

reactor vessel.  The automatic sequence of events that shuts down 

the reactor and cools the core is discussed in Section 6.3.2. 

 

  A combination of pipe whip restraints, and separation by distance 

or intervening structures ensures the availability of essential 

systems and components in a event of a break in the RHR shutdown 

cooling return line. 

 

3.6.1.2.1.13  LPCI Injection Lines 

 

There are four 12-inch LPCI injection lines; one is associated with each of the 

four RHR pumps.  The four lines are routed  symmetrically inside the drywell, 

with the A and C injection lines entering the north side of the drywell and the 

B and D lines entering the south side of the drywell.  Each LPCI injection line 

penetrates the drywell at Elevation 106 feet and is routed up to Elevation 

146 feet 3-1/2 inches, where it connects to a reactor vessel nozzle.  The 

routing of this piping is shown on Figure 3.6-32. 

 

Each LPCI injection line is provided with a motor operated, normally closed, 

gate type containment isolation valves outside the drywell.  There is also a 

check valve in each injection line inside the drywell.  Only that portion of 

the line between the reactor vessel nozzle and the inboard check valve is 

considered high energy. 

 

Each LPCI injection line is restrained to prevent pipe whip inside the drywell. 

 Typical pipe whip restraints are shown on Figure 3.6-1. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the LPCI 
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  injection lines are shown on Figure 3.6-32.  The calculated stress 

levels, usage factors, and postulated break types are listed in 

Table 3.6-22. 

 

 2. Compartment pressure temperature transients - Since the high energy 

portion of the LPCI injection lines is located entirely within the 

drywell, a break in one of the lines has no effect on plant areas 

outside the primary containment.  The pressure temperature 

transient in the primary containment resulting from a break in a 

LPCI injection line is exceeded in severity by the transients 

resulting from recirculation loop breaks and main steam line 

breaks, which are discussed in Section 6.2.1. 

 

 3. Verification of reactor shutdown capability - A LPCI injection line 

break results in a nonisolable blowdown of the reactor vessel into 

the drywell.  The automatic sequence of events that shuts down the 

reactor and cools the core is discussed in Section 6.3.2. 

 

  A combination of pipe whip restraints and separation by distance or 

intervening structures ensures the availability of essential 

systems and components in the event of a break in a LPCI injection 

line. 

 

3.6.1.2.1.14  Core Spray Injection Lines 

 

There are two core spray injection lines: one associated with core spray 

pumps A and C, and one associated with core spray pumps B and D.  The two lines 

are routed symmetrically within the drywell.  Each core spray injection line 

penetrates the drywell at Elevation 106 feet 9 inches and is routed up to 

Elevation 156 feet 7-5/8 inches before connecting to a RPV nozzle.  The routing 

of the piping is shown on Figure 3.6-33. 
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Each core spray injection line is provided with a containment isolation valve 

outside the drywell.  There is also a check valve in each injection line inside 

the drywell.  Only that portion of the line between the reactor vessel nozzle 

and the inboard check valve is considered high energy. 

 

Each core spray injection line is restrained to prevent pipe whip inside the 

drywell.  Typical pipe whip restraints are shown on Figure 3.6-1. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the core spray injection lines 

are shown on Figure 3.6-33.  The calculated stress levels, usage 

factors, and postulated break types are listed in Table 3.6-23. 

 

 2. Compartment pressure temperature transients - Since the high energy 

portion of the core spray injection line is located entirely within 

the drywell, a break in one of the lines has no effect on plant 

areas outside the primary containment.  The pressure temperature 

transient in the primary containment resulting from a break in a 

core spray injection line is exceeded in severity by the transients 

resulting from recirculation loop breaks and main steam line 

breaks, which are discussed in Section 6.2.1. 

 

 3. Verification of reactor shutdown capability - A core spray 

injection line break results in a nonisolable blowdown of the 

reactor vessel.  The automatic sequence of events that shuts down 

the reactor and cools the core is discussed in Section 6.3.2. 

 

  A combination of pipe whip restraints and separation by distance or 

intervening structures ensures the availability of essential 

systems and components in the event of a break in a core spray 

injection line. 
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3.6.1.2.1.15  Control Rod Drive Hydraulic System 

 

The two CRD drive water pumps are located in the reactor building.  The high 

energy discharge pipes from the two pumps are headered together into a single 

2-inch pipe that is routed in the reactor building to the CRD hydraulic system 

master control station at Elevation 102 feet.  From this master control 

station, a 2-inch cooling water header and a 2-inch charging water header are 

routed to the hydraulic control units (HCUs) on the north side and south side 

of the drywell. 

 

 1. Pipe break locations - Since the CRD pump discharge line is 

incapable of maintaining a high energy flow stream, pipe whip and 

jet impingement are not credible, and no whip restraints are 

provided.  Through wall leakage cracks are examined in accordance 

with Section 3.6.2.1.2. 

 

  Separation by distance and/or intervening structures ensures the 

availability of essential systems and components in the event of a 

through wall leakage crack in the control rod drive hydraulic 

system piping. 

 

 2. Compartment pressure temperature transients - Since the normal 

fluid temperature in the CRD hydraulic system is less than 120°F, 

no significant pressure temperature transient results from 

postulated breaks. 

 

 3. Verification of reactor shutdown capability - Loss of water 

pressure due to a break in the CRD pump discharge line, cooling 

water header, or charging water header does not prevent the control 

rods from being inserted into the reactor core.  Reactor pressure 

alone is sufficient to fully insert the control rods.  At lower 

reactor pressures, the scram accumulators assist in supplying the 

energy necessary to insert the control rods. 
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3.6.1.2.1.16  Auxiliary Steam Lines 

 

Auxiliary steam from the auxiliary boiler is distributed via a 10- and a 16-

inch header to the various steam consuming components in the Turbine Building, 

the radwaste area of the Auxiliary Building, and the Reactor Building.  This 

auxiliary steam header traverses the Auxiliary Building at Elevation 96 feet, 

passing into the Turbine Building.  A 6-inch steam supply line enters the 

Reactor Building to provide steam for HPCI and RCIC turbine testing at 

Elevation 73 feet 7-3/8 inches. 

 

 1. Pipe break locations - Since the auxiliary steam lines consist of 

nonnuclear class piping, breaks are postulated to occur at each 

location of potential high stress, such as pipe fittings, valves, 

and welded attachments. 

 

 2. Compartment pressure temperature transients - The portions of the 

auxiliary steam lines routed through the Auxiliary Building and the 

Reactor Building are unpressurized during normal reactor operation. 

 Pressure temperature transient analyses were not performed. 

 

 3. Verification of reactor shutdown capability - An auxiliary steam 

line break has no effect on operation of the reactor, since reactor 

systems, including electrical cabling, are not located in areas 

through which the auxiliary steam lines are routed. 

 

3.6.1.2.1.17  Reactor Vessel Drain Line 

 

The 2-inch reactor vessel drain connects to the reactor vessel at 

Elevation 114 feet 0-1/2 inches.  The drain line is routed vertically and 

horizontally until it penetrates the west side of the reactor pedestal at 

Elevation 102 feet 9 inches as a 4-inch line.  The drain line is routed 

horizontally south through control and bypass valves and then vertically to 

Elevation 120 feet 6 inches, 

 

 

 
 3.6-42 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



where it ties into the reactor water clean up system, without penetrating the 

primary containment. 

 

 1. Pipe break locations - The postulated pipe break locations for the 

reactor vessel drain line is shown on Figure 3.6-34.  The 

calculated stress levels, usage factors, and postulated break types 

are listed in Table 3.6-24. 

 

 2. Compartment pressure temperature transients - The pressure 

transient in the primary containment resulting from a break in the 

reactor vessel drain line within the drywell is exceeded in 

severity by transients resulting from recirculation loop breaks and 

main steam line breaks.  The temperature transient in the primary 

containment resulting from a reactor vessel drain line break is 

exceeded in severity by the transient resulting from an 

intermediate size break.  These design basis transients are 

discussed in Section 6.2.1. 

 

 3. Verification of reactor shutdown capability - A reactor vessel 

drain line break inside the drywell results in a nonisolable 

blowdown of the reactor vessel through the broken line.  The 

automatic sequence of events that shuts down the reactor and cools 

the core is discussed in Section 6.3.2. 

 

  A combination of pipe whip restraints and separation by distance 

and/or intervening structures is used to ensure the availability of 

essential systems and components in the event of a reactor vessel 

drain line break in the drywell. 

 

 

 

 

 

 

 

 
 
 
 3.6-43 
HCGS-UFSAR  Revision 8 
  September 25, 1996 





remainder of the primary containment resulting from a postulated break in the  

reactor head spray line is exceeded in severity by transients resulting from  

recirculation loop breaks and main steam line breaks, which are discussed in  

Section 6.2.1. 

 

 

 

 

 

 

3.6.1.2.1.19  Standby Diesel Generator Starting Air System 

 

The 3-inch standby diesel generator starting air line connects to the diesel 

generator from the starting air skid.  There are 4 starting air skids (1 per 

diesel generator).  Each skid is located in the respective diesel generator 

compartment. 

 

 1. Pipe break locations - The postulated pipe break locations and the 

pipe whip restraint locations for the starting lines are shown on 

Figure 3.6-48.  The calculated stress levels, usage factors, and 

postulated break types are listed in Table 3.6-29. 

 

  For the purposes of pipe break and jet impingement analysis the 

emergency diesel generator and its associated auxiliaries are 

considered a single system.  As a single system a single failure is 

only required to be postulated 
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  in one system.  Separation of the diesel generator rooms by 18 

inch reinforced concrete walls protect other diesel generator 

units and auxiliaries from damage due to a pipe break in adjacent 

diesel generator rooms.  Therefore, a pipe break in any one of the 

diesel generator rooms will not affect the remaining diesel 

generator units and their associated auxiliaries. 

 

  All of the air start piping, valves and receivers from the check 

valve on the air receiver inlet (including the check valve) to the 

air start solenoid valve on the engine are designed to Seismic 

Category I, ASME Section III, Class 3, requirements. Refer to 

Vendor Technical Document PM018Q-0048 for component descriptions. 

 

  The compressor, air dryer, and piping up to the air receiver inlet 

check valve are not built to meet ASME code requirements because 

they do not serve a safety-related function.  The air start 

valves, air distributors, and the diesel engine cylinders are all 

pressure retaining parts downstream of the air start solenoid 

valves which do serve a safety-related function and are non-ASME 

code items built to Seismic Category I requirements. The air start 

solenoid pilot valves reduce the starting air pressure to 

approximately 250 psi, therefore, these components, which are 

downstream of the air start solenoid pilot valves, are actually 

located in a moderate energy portion of the system. The non-ASME 

III pipe in the air-start system is designed to Seismic Category I 

requirements.  These are specialty items that are not available as 

ASME components but which are built to the SDG manufacturers own 

critical specifications (see Table 3.2-1, Item XII). 

 

 2. Compartment pressure - temperature transients - This high energy 

line contains compressed air.  Therefore, the mass momentum of the 

high energy line will be lower than the comparable steam system of 

same pressure and temperature. 
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  Also, the doors of each compartment are not pressure tight and 

they do not communicate directly with other compartments.  As a 

result, the additional air mass discharged into the compartment 

will be vented to the corridors on both ends of the compartments 

and through the HVAC ducts.  Therefore, the compartment will not 

experience room pressurization due to starting air line break. 

Also, the safety-related commodities in the room are qualified to 

operate under the environmental conditions specified in 

Table 3.11-1C. 

 

 3. Verification of reactor shutdown capability - The starting air 

line break does not directly cause a trip of the turbine 

generator.  Therefore, offsite power is assumed to be available 

(See Section 3.6.1.1).  As a result, normal shutdown sequence will 

be followed to achieve cold shutdown and the standby diesel 

generators will not be started or required.  The starting air 

skids are located in the respective diesel generator compartment. 

 Therefore, the effects of starting air line breaks are confined 

to the diesel generator compartment which is in the diesel 

generator area of Auxiliary Building.  A combination of pipe whip 

restraints and separation by distance or intervening structures 

ensures the availability of essential systems and components in the 

event of a break in the starting air line.  As a result, the safe 

shutdown equipment located in the Reactor Building will not be 

affected. 

 

3.6.1.2.2  Moderate Energy Fluid Systems 

 

Through wall leakage crack locations are postulated in areas containing 

essential systems and components in accordance with the criteria stated in 

Section 3.6.2.1.2.  When moderate energy fluid systems share a compartment with 

safety-related components, the effects of water spray and flooding are 

reviewed, although pipe 
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crack locations may not be postulated.  When moderate energy fluid systems 

share a compartment with high energy fluid systems, the water spray and 

flooding effects resulting from a postulated moderate energy line leakage crack 

are considered if the effects exceed those resulting from the postulated high 

energy line break effects. 

 

The moderate energy piping failure review was conducted in the Reactor 

Building, and diesel and control areas of the Auxiliary Building.  The 

postulated failure of a moderate energy line can at most affect only the 

operations of one train of a redundant safety-related system due to the 

provisions for physical separation of redundant trains.  Further, for the 

purpose of this evaluation, it was conservatively assumed that the impacted 

train failed to perform its safety function.  The crack sizes postulated, and 

the nominal pipe sizes in which moderate energy pipe cracks are postulated to 

occur, are discussed in Section 3.6.2.1.3.3.  Additional criteria used in the 

moderate energy fluid systems analysis are discussed in Section 3.6.1.1. 

 

A list of moderate energy systems with the normal operating temperature and 

pressure is provided in Table 3.6-28.  The definition of a moderate energy 

fluid system is stated in Section 3.6.3.3. 

 

Operation of the Standby Diesel Generators (SDG) is not required during the 

normal plant operating conditions defined in SRP 3.6.1, however, the fuel oil 

transfer line is pressurized by the static head of the fluid in the line while 

the SDG is not in operation.  During SDG operation, the fuel oil transfer line 

is pressurized to approximately 47 psig.  It is routed from the fuel oil 

storage tank at elevation 54' through the recirculation ventilation room (see 

Section 9.4.6) on elevation 77' to the respective fuel oil day tank on 

elevation 102'.  Any cracks in this line would only effect systems associated 

with the diesel being served by that transfer 
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line because of SDG compartmentalization.  However, a review of the potential 

fire hazard created by the fluid spray was performed.  The fuel oil would have 

to be heated above its flash point of 125 by any potential ignition source. 

The fuel oil transfer pumps at elevation 54' are canned pumps.  The ventilation 

fans are direct drive and completely contained within the distribution 

ductwork.  These units contain no heating coils that could act as potential 

ignition sources. 

 

3.6.1.3  Safety Evaluation 

 

The analyses of postulated pipe ruptures summarized in Section 3.6.2 verify 

that the consequences of any single rupture of fluid system piping in the plant 

do not prevent safe shutdown of the reactor. 

 

The offsite radiological consequences of piping ruptures are enveloped by a 

Reactor Recirculation System break inside the primary containment, and by main 

steam system and feedwater system breaks outside the primary containment.  The 

radiological consequences of these breaks are presented in Sections 15.6.5, 

15.6.4, and 15.6.6, respectively. 

 

Special consideration has been given to separation of areas in the Reactor 

Building containing essential systems and components from high energy pipe 

break compartments and the effects of postulated pipe ruptures.  HVAC ducts 

penetrating high energy pipe break compartment walls are equipped with 

backpressure dampers, while other types of penetrations through the walls are 

designed as steam tight. 
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3.6.2 Determination of Pipe Failure Locations and Dynamic Effects Associated 

With Postulated Piping Failures 

 

Information concerning break and crack location criteria and methods of 

analysis is presented in this section.  The break location criteria and methods 

of analysis are needed to evaluate the dynamic effects associated with 

postulated ruptures of high and moderate energy piping inside and outside the 

primary containment. 

 

3.6.2.1 Criteria Used to Determine Pipe Break and Crack Locations and Their 

Configurations 

 

3.6.2.1.1  Break Locations in High Energy Fluid System Piping 

 

The consequences of high energy line cracks have been considered during the 

review of high energy line breaks.  Jet impingement pressure and temperature, 

pipe whip, environmental effects, etc., for high energy piping system line 

breaks have been evaluated in accordance with Sections B.1.a and B.1.c of BTP 

MEB 3-1 (SRP 3.6.2).  Due to this review, any pipe failure consequence that 

could adversely affect the safety of the plant has been considered.  This 

conclusion is based on the following: 

 

 1. The criteria in Section B.1.a are invoked whenever possible to 

separate essential equipment from high energy piping.  In this case, 

breaks are arbitrarily postulated without consideration of stress 

levels. 

 

 2. When it is not possible to separate high energy piping from essential 

equipment, redundancy is provided or an evaluation is performed to 

ensure that the equipment will remain operable. 

 

 3. In areas in which high energy pipe is routed a sufficient number of 

breaks have been postulated such that the effects of jet impingement, 

pipe whip, environment, etc., envelop any postulated leakage crack 

effects. 
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The following discussion shows that for all areas of the plant the existing 

criterion used to postulate high energy line breaks encompasses the effects of 

high energy line cracks: 

 

High energy piping outside the reactor building 

 

The separation review program ensures that high energy pipes are not routed 

near systems, components, or structures essential to safe shutdown in areas 

other than the reactor building.  The piping in this area meets the criteria of 

Section B.1.a where breaks are arbitrarily postulated to ensure separation of 

high energy piping and essential equipment.  It is therefore concluded that 

cracks in this area will not degrade the safety of the plant. 

 

High energy piping in the reactor building (excluding primary containment and 

containment penetration areas) 

 

Excluding the main steam tunnel piping, the systems which qualify as high 

energy piping in the reactor building are the RWCU, CRD, RCIC, and HPCI 

systems.  Routing of the RWCU, RCIC, and HPCI systems has been controlled so 

that they are located in well defined areas (e.g., pipe chases, pump rooms, 

torus compartment, etc.).  These compartments have also been evaluated for 

environmental, flood, pressure, etc., effects using the worst-case pipe break 

condition.  Breaks in these areas are postulated as described in this section, 

to thoroughly encompass the effects of high energy pipe cracks.  The CRD system 

analysis is described in Section 3.6.1.2.1.15.  Cracks in the CRD system have 

been examined at every fitting and change of direction in accordance with 

Section 3.6.2.1.2.  It is therefore concluded that cracks in this area will not 

degrade the safety of the plant. 

 

The main steam tunnel has numerous postulated pipe breaks.  Several other lines 

also have breaks postulated at every fitting and change of direction. The 

effects of these postulated pipe breaks in the tunnel will therefore encompass 

the effects of any pipe cracks that may have been postulated. 
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Primary containment:  During the pipe break review, in excess of 360 high 

energy line jets were examined for their consequences.  In light of the 

separation between the high energy systems in the primary containment, it is 

reasonable to assume that these high energy breaks will always govern.  Any 

equipment, system, or structure in primary containment must be designed for the 

extreme environment regardless of its particular location.  The combination of 

separation and redundancy (the preferred method of protection) is also integral 

to components and piping routed in the primary containment. This is verified in 

the jet impingement evaluation where breaks are postulated at various 

elevations and azimuths.  It is therefore concluded that the effects of pipe 

cracks in this area are less severe than the effects of high energy pipe 

breaks, and therefore acceptable. 

 

See Reference 3.6-12 regarding the postulation of intermediate pipe breaks. See 

Reference 3.6-13 regarding acceptability for elimination of arbitrary 

intermediate pipe breaks. See References 3.6-14 and 3.6-15 regarding the 

elimination of additional intermediate pipe break locations. 

 

3.6.2.1.1.1  Piping in Containment Penetration Areas 

 

Except for the feedwater system, high energy pipes penetrating the primary 

containment are provided with valve operability restraints that are located 

reasonably close to the containment isolation valves and are designed to 

withstand the loadings resulting from a pipe break either inboard of the 

inboard isolation valve restraints or outboard of the outboard isolation valve 

restraints so that neither isolation valve operability nor leaktight integrity 

of the containment penetration would be impaired as a result of such pipe 

breaks.  Terminal ends of the piping runs extending beyond these portions of 

high energy piping are considered to originate at a point adjacent to the 

required valve operability restraints and outboard of the outboard isolation 

valve operability restraints or inboard of the inboard isolation valve 

operability restraints.  
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Valve operability restraint configuration and break locations of the feedwater 

system are explained in Section 3.6.1.2.1.3. 

 

Breaks are not postulated in these portions of high energy piping in 

containment penetration areas provided that the following design stress and 

fatigue limits are satisfied: 

 

 1. For ASME B&PV Code, Section III, Class 1 Piping: 

 

  a. The maximum stress range, S
n
, calculated by equation 10 of 

Paragraph NB-3653 of the ASME B&PV Code, Section III, does 

not exceed 2.4 S
m
 for those loads and conditions for which 

normal and upset stress limits have been specified, including 

an operating basis earthquake (OBE) transient. 

 

  b. If the maximum stress range of equation 10 exceeds 2.4 S
m
, 

the stress ranges calculated by both equation 12 and 

equation 13 of Paragraph NB-3653 do not exceed 2.4 S
m
. 

 

  c. The cumulative usage factor associated with normal, upset, 

and testing conditions is less than 0.1. 

 

  d. The loading resulting from a postulated pipe break beyond 

these portions of the piping does not cause the stress as 

calculated by equation 9 of Paragraph NB-3652 to exceed 

2.25 S
m
, except for the portion of piping between the 

isolation valve and the adjacent restraints protecting the 

operability of the valve.  For this latter portion of piping, 

higher stresses are permitted, provided that a plastic hinge 

is not formed and that the operability of the isolation valve 

is ensured. 
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 2. For ASME B&PV Code, Section III, Class 2 and 3 Piping: 

 

  a. The maximum stress range, as calculated by the sum of 

equations 9 and 10 of Paragraph NC-3652, considering normal 

and upset plant conditions, does not exceed 0.8 (1.2 S
h
 + S

A

). 

 

  b. The maximum stress, as calculated by equation 9 of 

Paragraph NC-3652, under the loadings resulting from a 

postulated rupture of fluid system piping beyond these 

portions of piping, does not exceed 1.8 S
h
.  Higher stresses 

are permitted in pipe between the outboard isolation valve 

and the adjacent restraints protecting the operability of the 

valve, provided that: 

 

   (1) All circumferential and longitudinal welds in that pipe 

region are fully radiographed 

 

   (2) Analysis shows that a plastic hinge is not formed and 

that the operability of the valve is ensured. 

 

In addition to these stress and fatigue criteria, high energy piping in 

containment penetration areas must meet the following requirements: 

 

 1. Welded pipe support attachments are avoided to eliminate stress 

concentrations. 

 

 2. The number of circumferential and longitudinal pipe welds and 

branch connections is minimized. 

 

 3. The length of the piping run is minimized, consistent with 

requirements to keep stress levels low and to provide access for 

inservice inspection. 
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 4. The design at points of pipe anchors, welded connections, and 

containment penetrations does not require welding directly to the 

outer surface of the piping (flued, integrally forged pipe fittings 

are acceptable), except where such welds are 100 percent 

volumetrically examinable inservice and a detailed stress analysis 

is performed to demonstrate compliance with the limits of the 

stress and fatigue criteria stated above. 

 

 5. To the extent practicable, the inservice examination completed 

during each inspection interval will provide volumetric examination 

of circumferential and longitudinal pipe welds within these 

portions of piping, as required by ASME B&PV Code, Section XI.  See 

Sections 5.2.4 and 6.6 for additional information. 

 

 6. When a no-break region is established, the terminal end for piping 

in the region is consequently shifted away from the containment 

anchor.  The terminal end is located adjacent to the pipe whip 

restraints that limit the bending and torsion moments exerted on 

the isolation valve as a consequence of pipe break.  These 

restraints are: 

 

  a. Located reasonably close to the isolation valves 

 

  b. Capable of withstanding the loadings resulting from 

postulated pipe rupture beyond this portion of the 

piping such that neither valve operability nor the 

leaktight integrity of the primary containment is 

impaired. 

 

 7. Operability of the isolation valve is ensured for pipe break events 

where it is required to ensure primary containment integrity. 
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The main steam and the main feedwater lines are conservatively designed in 

accordance with the criteria stated above.  However, for additional 

conservatism, the enclosure for the main steam and main feedwater lines is also 

designed for the effects of pressurization, flooding, and the environment 

resulting from the single area crack of either the main steam or main feedwater 

lines.  The nonmechanistic single area pipe crack of the main steam or main 

feedwater lines is postulated to occur either upstream or downstream of the 

outboard containment isolation valves.  Safety-related equipment in the 

enclosure is environmentally qualified for the pressure, temperature, 

radiation, humidity, and flooding resulting from the worst case, single area 

pipe crack. 

 

A mechanistic double-ended break of the largest branch line of the feedwater 

system is also postulated to occur within this enclosure.  The effects of pipe 

whip, jet impingement, pressurization, and flooding due to the branch line 

break are considered in the evaluation of the enclosure design adequacy. 

 

3.6.2.1.1.2  Recirculation System Piping 

 

See Section 3.6.2.6 for a discussion of recirculation system piping. 

 

3.6.2.1.1.3  Class 1 Piping (Other Than Recirculation System Piping and Piping 

            in Containment Penetration Areas) 

 

Breaks in high energy Class 1 piping (ASME B&PV Code, Section III) are 

postulated to occur at the following locations: 

 

 1. At terminal ends of piping runs or branch runs 

 

 2. At intermediate locations between terminal ends, as determined by one 

of the two following criteria: 
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  a. The maximum range of stress intensity as calculated by ASME B&PV Code 

equation 10 and either equation 12 or 13 exceeds 2.4 S
m
. 

 

  b. The cumulative usage factor exceeds 0.1. 

 

  When the above stress and usage factor criteria are not exceeded, the 

minimum of two intermediate breaks based on highest stress, as 

calculated by Equation 10 of Paragraph NB-3653, are not postulated 

unless the break location is in the proximity of a welded attachment. 

 

  Intermediate pipe break locations are initially based upon committed 

design piping stress calculations in accordance with the above criteria. 

 As a result of piping reanalysis, the highest stress locations may be 

shifted.  An initially determined pipe break location will not be 

changed as a consequence however unless one of the following conditions 

exist: 

 

  1. Reanalysis shows that the maximum stress range or the cumulative 

usage factor at another location not only exceeds that for the 

initial pipe break location but also exceeds the above pipe break 

criteria.  In addition, the break at the new location results in more 

serious consequences to safety-related systems than the initial 

break. 

 

  2. Significant changes are made in the routing, size, or wall thickness 

of the pipe after the initial pipe break determination. 
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3.6.2.1.1.4 Class 2 and 3 Piping (Other Than Recirculation System Piping and 

Piping in Containment Penetration Areas) 

 

Breaks in high energy Class 2 and 3 piping (ASME B&PV Code, Section III) are 

postulated to occur at the following locations: 

 

 1. At terminal ends of piping runs or branch runs 

 

 2. At intermediate locations between terminal ends, as determined by one 

of the two following criteria: 

 

  a. At each location of potential high stress, such as pipe 

fittings with elbows, tees, reducers, etc; valves; and welded 

attachments 

 

  b. At each location where the maximum stress range, as 

calculated by the sum of equations 9 and 10 of Paragraph NC-

3652, considering normal and upset plant conditions, exceeds 

0.8(1.2 S
h
 + S

A
). 

 

   When the above stress criteria are not exceeded, the minimum of two 

intermediate breaks based on highest stress, as calculated by the sum 

of Equations 9 and 10 of Paragraph NC-3652, are not postulated unless 

the break location is in the proximity of a welded attachment. 

 

   Intermediate pipe break locations are initially based upon committed 

design piping stress calculations in accordance with the above 

criteria.  As a result of piping reanalysis, the highest stress 

locations may be shifted.  An initially determined pipe break 

location will not be changed as a consequence, however, unless one of 

the following conditions exist: 

 

  1. Reanalysis shows that the maximum stress range at another 

location not only exceeds that for the initial pipe break 

location but also exceeds the 
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   above pipe break criteria.  In addition, the break at the new 

location results in more serious consequences to safety-

related systems than the initial break. 

 

  2. Significant changes are made in the routing, size, or wall 

thickness of the pipe after the initial pipe break 

determination. 

 

3.6.2.1.1.5  Nonnuclear Class Piping 

 

Breaks in high energy nonnuclear class piping are postulated to occur at the 

following locations: 

 

 1. At terminal ends of piping runs or branch runs 

 

 2. At each intermediate location of potential high stress, such as pipe 

fittings with elbows, tees, reducers, etc; valves; and welded 

attachments. 

 

Alternatively, the break locations for nonnuclear class piping can be selected 

according to the same criteria used for Class 2 and 3 piping, provided that all 

necessary analyses are made. 

 

3.6.2.1.2  Crack Locations in Moderate Energy Fluid System Piping 

 

Through wall leakage cracks are postulated to occur in moderate energy piping 

located in areas containing essential systems and components.  Cracks are 

postulated to occur in accordance with either of the two following criteria: 

 

 1. At locations of potential high stress, such as pipe fittings with 

elbows, tees, reducers, etc; valves; and welded attachments 

 

 2. For Class 1 piping (ASME B&PV Code, Section III), at locations where 

the maximum stress range, as calculated by equation 10 of 

Paragraph NB-3652, exceeds 1.2 S
m
, and for 
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  Class 2 or 3 piping (ASME B&PV Code, Section III) or nonnuclear 

piping, at locations where the maximum stress range, as calculated 

by the sum of equations 9 and 10 of Paragraph NC-3652, exceeds 0.4 

(1.2 S
h
 + S

A
). 

 

The above criteria notwithstanding, cracks are not postulated in those portions 

of moderate energy piping located in the following areas: 

 

 1. Areas in which high energy pipe breaks are postulated, provided 

that moderate energy piping cracks would not result in more severe 

environmental conditions than the high energy pipe breaks. 

 

 2. Between containment isolation valves, provided that: 

 

  a. The piping meets the requirements of Subarticle NE-1120 of 

the ASME B&PV Code, Section III 

 

  b. The maximum stress range for Class 1 piping (ASME B&PV Code, 

Section III), as calculated by equation (10) of Paragraph NB-

3652, does not exceed 1.2 S
m
, and the maximum stress range 

for Class 2 and 3 (ASME B&PV Code, Section III) or nonnuclear 

piping, as calculated by the sum of equations 9 and 10 of 

Paragraph NC-3652, does not exceed 0.4 (1.2 S
h
 + S

A
). 

 

3.6.2.1.3  Types of Breaks and Cracks in Fluid System Piping 

 

3.6.2.1.3.1  Circumferential Breaks 

 

A circumferential break is assumed to result in both: 

 

 1. Severance of a high energy pipe on a plane perpendicular to the pipe 

axis 
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 2. Separation amounting to at least a one-diameter lateral displacement 

of the ruptured piping ends, unless physically limited by piping 

restraints, structural members, or piping stiffness.  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. 

 

Circumferential breaks are postulated in high energy fluid system piping of 

nominal pipe size greater than 1 inch, at the locations determined by the 

criteria listed in Section 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 a longitudinal break is postulated in 

pipes of nominal pipe sizes 4 inches and larger. 

 

3.6.2.1.3.2  Longitudinal Breaks 

 

A longitudinal break is assumed to result in an axial split parallel to the 

pipe axis, without causing pipe severance.  The break opening area is assumed 

to be equal to the effective cross-sectional flow area of the pipe at the break 

location.  The split is assumed to be oriented so that the jet reaction force 

causes out of plane bending of the piping configuration.  Piping movement is 

assumed to occur in the direction of the jet reaction unless limited by piping 

restraints, structural members, or piping stiffness. 

 

Longitudinal breaks are postulated in high energy fluid system piping of 

nominal pipe sizes 4 inches and larger, at the locations determined by the 

criteria listed in Section 3.6.2.1.1, with the following exceptions. 

Longitudinal breaks are not postulated: 

 

 1. At terminal ends 
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 2. At intermediate break locations chosen to satisfy the criterion for a 

minimum number of break locations 

 

 3. At locations where the criteria of Section 3.6.2.1.1 are not 

satisfied, but it is shown that the maximum stress is in the 

longitudinal direction and is at least 1.5 times the circumferential 

stress, in which case only circumferential breaks are postulated. 

 

3.6.2.1.3.3  Through Wall Leakage Cracks 

 

Through wall leakage cracks are postulated to occur in moderate energy fluid 

system piping exceeding a nominal pipe size of 1 inch, at the locations 

determined by the criteria listed in Section 3.6.2.1.2.  A crack is assumed to 

occur at any orientation about the circumference of a pipe.  Fluid flow from a 

crack is based on a circular opening with an area equal to that of a rectangle 

one half the pipe diameter in length and one half the pipe wall thickness in 

width. 

 

3.6.2.2  Analytical Models to Define Forcing Functions and Response Models 

 

3.6.2.2.1  Recirculation Piping System 

 

See Section 3.6.2.6.2 for a discussion relating to the Recirculation Piping 

System. 

 

3.6.2.2.2  Piping Systems Other Than The Recirculation Piping System 

 

Analysis to determine the jet impingement effects and the piping and restraint 

displacements resulting from a pipe break are performed in general accordance 

with Reference 3.6-7.  Analysis of jet thrust forces is described in 

Section 2.2 of Reference 3.6-7.  Fluid jet impingement forces are discussed in 

Section 2.3 of Reference 3.6-7.  
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Impulsive loading and impact combined with impulsive loadings are described in 

Sections 3.2 and 3.3, respectively, of Reference 3.6-7. 

 

Piping response to pipe break loads are analyzed by various methods, applied in 

the appropriate circumstances.  These methods include energy balance, lumped 

parameter and non-linear time history analysis models.  The forcing function 

used in piping dynamic analysis is obtained using Reference 3.6-8.  A typical 

pipe break forcing function and piping system model used for the dynamic 

response analysis are provided on Figure 3.6-38.  Pipe rebound effects are also 

considered in this analysis. 

 

Two different types of pipe break whip design problems are addressed.  The 

first type of problem is to ensure the operability of containment isolation 

valves and the leaktight integrity of the primary containment following any 

postulated pipe break.  The second type of problem is to ensure that pipe whip 

resulting from postulated breaks is controlled sufficiently to prevent damage 

to adjacent safety-related systems. 

 

Valve operability and primary containment integrity is verified by dynamic 

analysis of the piping system in the containment penetration area under the 

conditions imposed by pipe break outside that region, beyond the moment 

limiting restraints near the isolation valve.  The bases for ensuring valve 

operability are as follows: 

 

 1. For the postulated pipe break, pipe stress at the junction with the 

isolation valve does not exceed 1.1 times the static minimum yield 

strength. 

 

 2. Rigid restraints intended for ensuring valve operability do not 

exceed their pipe break design load. 

 

 3. Piping in the containment penetration area exceeds the limits of 

neither Section 3.6.2.1.1.1.(1.d) for ASME 
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   Class 1 pipe nor Section 3.6.2.1.1.1.(2.a) for Class 2 or 3 pipe. 

 

 4. Valve operator peak acceleration, in multiples of gravity, does not 

exceed the fundamental frequency of the acceleration response, in 

hertz. 

 

 5. Pipe restraints designed for normal operation design load events are 

assumed to contribute no pipe break restraint. 

 

Protection of essential systems against uncontrolled pipe whip resulting from 

postulated breaks is ensured by pipe whip restraints, which are located so as 

to most effectively limit abnormal pipe movement.  Pipe whip restraints are 

designed to permit free pipe movement during normal design events, but to limit 

the pipe break whip to acceptable movements.  The pipe whip restraints are 

designed to provide the strength, stiffness, and pipe whip energy absorption 

capacity needed to limit pipe motion.  The bases for design and dynamic 

analysis to control pipe break whipping motion are: 

 

 1. The postulated pipe break is permitted to cause neither pipe whip 

restraint failure nor pipe whip motion threatening to an essential 

system. 

 

 2. The loading condition of a piping system prior to postulated rupture, 

in terms of pressure, temperature, and stress state, is that 

condition associated with reactor operation at 100 percent of power. 

 

 3. Dynamic analytical methods used for calculating the piping/restraint 

system response to the pipe break forces adequately account for the 

effects of the following: 

 

   a. Pipe mass, stiffness, and resistance to dynamic plastic hinge 

formation and propagation 
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  b. Pipe whip restraint resistance to pipe impact in terms of 

stiffness, yield strength, and impact energy absorption 

 

  c. Transient time history of the pipe break blowdown forces 

acting on the exit leg of the pipe rupture 

 

  d. The requirement for clearance between pipe and pipe whip 

restraint during any normal design event. 

 

 4. Plastic deformation design limit for structural members of pipe 

whip restraints is limited to the ductility ratio of the system. A 

ductility ratio limit equal to 20 is used for compression, flexure, 

and shear.  A review of the design of structural steel beams in 

flexure, for loads other than tornado, indicates that the demands 

for ductility ratios are less than 10.  The ductility ratio of 50 

percent of ultimate strain divided by yield strain is used for 

tension members.  The members are proportioned to preclude lateral 

and local buckling. 

 

3.6.2.2.2.1  RELAP4/MOD5 

 

A lumped parameter model simulates the ruptured piping system for input into 

the computer code RELAP4/MOD5, as discussed in Reference 3.6-2.  The code 

computes time, varying pressure, momentum flux, and mass acceleration 

throughout a system containing water, steam, and/or a two phase mixture.  From 

these data, the blowdown reaction load is computed by a postprocessor REPIPE, 

discussed in Reference 3.6-10, using the following relations: 
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where: 

 

F = total resultant force acting on pipe 

m = unit vector in the direction of force 

V = volume of RELAP4 control volume 

u = unit vector in direction of local fluid velocity 

q = mass density of fluid 

S = control volume surface 

o = subscript for outlet 

n = unit vector in the direction of positive flow 

i = subscript for inlet 

p = pressure. 

 

3.6.2.3  Dynamic Analysis Methods to Verify Integrity and Operability 

 

3.6.2.3.1  Recirculation Piping System 

 

See Section 3.6.2.6.3 for a discussion of the Recirculation Piping System. 
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3.6.2.3.2  Piping Systems Other Than The Recirculation Piping System 

 

The pipe break restraints provided for protection from high energy pipe breaks 

are of two basic types: pipe whip restraints and valve operability restraints. 

 Pipe whip restraints are provided solely to protect nearby structures and 

essential equipment from damage due to whipping pipes and are designed so that 

a gap is maintained between the pipe and the restraint during normal plant 

conditions.  Valve operability restraints are provided near primary containment 

isolation valves whose operability is required following a break of the pipe in 

which they are installed.  These operability restraints are designed to limit 

the stress in the piping near the valve to below the dynamic yield strength of 

the material in order to ensure operability of the valve. To accomplish this 

function, it is normally necessary to minimize the gap between the pipe and the 

restraint so that contact occurs during normal plant conditions. 

 

3.6.2.3.2.1  Design Loading Combinations 

 

The design loading combinations applied in the design of restraints are 

categorized with respect to the plant operating conditions, which are 

identified as normal, upset, emergency, and faulted, as described in 

Section 3.9.3.  Pipe break is considered as a faulted plant condition for those 

piping systems remaining intact.  For the high energy piping system in which 

the break has occurred, the ASME B&PV Code, Section III categorization of 

operating conditions no longer controls the design. 

 

3.6.2.3.2.2  Design Stress Limits 

 

3.6.2.3.2.2.1  Valve Operability Restraints 

 

When restraints for piping are designed so that contact between pipe and 

restraint will occur during normal plant conditions, the design loading 

combinations for normal, upset, emergency, and faulted 
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conditions are applicable to pipe without rupture.  In evaluating the supports 

and restraints for normal operation of pipe Classes 1, 2, and 3 (ASME B&PV 

Code, Section III), the design stress limits applied in evaluating loading 

combinations for normal, upset, emergency, and faulted (except for pipe 

rupture) conditions are those given in Tables 3.9-9 and 3.9-13.  After rupture 

of the supported pipe occurs, the piping system is no longer within the 

jurisdiction of the ASME B&PV Code, Section III, because the pressure boundary 

has been breached.  The restraints are evaluated for pipe rupture loads as 

described in Section 3.6.2.2.2. 

 

3.6.2.3.2.2.2  Pipe Whip Restraints 

 

When restraints are designed solely to control pipe whip 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 pipe whip restraints 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 safe shutdown earthquake (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, shims are provided to permit adjustment of the gap 

size during hot functional testing. 

 

Pipe whip restraints are evaluated for the pipe rupture loads as described in 

Section 3.6.2.2.2. 

 

3.6.2.4  Guard Pipe Assembly Design Criteria 

 

Guard pipe assemblies are not used at HCGS. 
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3.6.2.5  Material to be Submitted for the Operating License Review 

 

Pipe break and crack locations were obtained in accordance with the criteria of 

Section 3.6.2.1.  High energy piping break locations as well as break types, 

circumferential or longitudinal, are identified on piping isometric drawings 

provided in Section 3.6.1 and referenced in Section 3.6.1.2.1. 

 

The augmented inservice inspection requirement is described in Section 6.6. 

Pipe whip restraints were designed as discussed in Section 3.6.2.3.  The 

restraint locations and orientations are shown on various figures referenced in 

Section 3.6.1.2.1.  Jet thrust and impingement forces were determined in 

accordance with Sections 3.6.2.2 and 3.6.2.3. 

 

The effects of breaks and cracks are discussed in detail in Section 3.6.1.  The 

results are based on the protection evaluation criteria provided in 

Section 3.6.1.  Any protection measures to ensure safe shutdown, i.e, barriers, 

separation, and restraints, are also discussed. 

 

3.6.2.6  Determination of Break Locations and Dynamic Effects Associated with 

the Postulated Rupture of Recirculation System Piping (NSSS) 

 

3.6.2.6.1  Criteria Used to Define Break Location and Configuration 

 

The following section establishes the criteria for the location and 

configuration of postulated breaks. 

 

3.6.2.6.1.1  Definition of High Energy Fluid System 

 

High energy fluid systems are defined to be those systems, or portions of 

systems, that during normal plant conditions are either in operation or are 

maintained pressurized under conditions where either one or both of the 

following are met: 
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 1. Maximum operating temperature exceeds 200F 

 

 2. Maximum operating pressure exceeds 275 psig. 

 

The recirculation piping system is a high energy fluid system designed to the 

ASME Boiler and Pressure Vessel (B&PV) Code, Section III, Class 1 requirements. 

 No portion of the recirculation piping system is a moderate energy fluid 

system. 

 

Normal plant conditions are defined as the plant operating conditions during 

reactor startup, operation at power, hot standby, or reactor cooldown to a cold 

shutdown condition. 

 

3.6.2.6.1.2  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 the development of a sudden, longitudinal break and is postulated 

for high energy fluid systems only. 

 

The following high energy piping systems or portions of piping systems are 

considered to have a potential for initiation of a postulated pipe break during 

normal plant conditions and are analyzed for potential damage due to dynamic 

effects: 

 

 1. All piping that is part of the RCPB and subject to reactor pressure 

continuously during plant operation 

 

 2. All piping that is beyond the second isolation valve, but that is 

subject to reactor pressure continuously during plant operation 

 

 3. In addition to piping under 1.   and 2., all other piping systems or 

portions of piping systems considered high energy systems. 
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Portions of piping systems that are isolated from the source of the high energy 

fluid during normal plant conditions are exempted from consideration of 

postulated pipe breaks.  This would include portions of piping systems beyond a 

normally closed valve.  Pump and valve bodies are also exempted from 

consideration of pipe break because of their greater wall thickness. 

 

A high energy piping system break is neither postulated to occur simultaneously 

with a moderate energy piping system break nor is any pipe break outside 

primary containment postulated to occur concurrently with a postulated pipe 

break inside primary containment. 

 

3.6.2.6.1.3  Exemptions from Pipe Whip Protection Requirements 

 

Protection from pipe whip need not be provided if any one of the following 

conditions exist: 

 

 1. 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. 

 

 2. 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 is considered as 

insufficient to rupture an impacted pipe of equal or greater nominal 

pipe size and equal or heavier wall thickness. 
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3.6.2.6.1.4  Location for Postulated Pipe Breaks 

 

Postulated pipe break locations are selected in accordance with the intent of 

Regulatory Guide 1.46, the U.S.   Nuclear Regulatory Commission (NRC) Branch 

Technical Position (BTP) APCSB 3-1, Appendix B, and as expanded in NRC Branch 

Technical Position MEB 3-1.  For ASME B&PV Code, 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 pipe run. 

Terminal ends are extremities of piping runs that connect to 

structures, equipment, or pipe anchors that act as rigid 

constraints to piping motion and thermal expansion.  A branch 

connection to a main piping run is a terminal end for a branch run, 

except when the branch and main run is modeled as a common piping 

system during the piping stress analysis. 

 

 2. At intermediate locations between the terminal ends where the 

maximum stress range between any two load sets, including the zero 

load set, according to Subarticle NB-3600 of the ASME B&PV Code, 

Section III, for upset plant conditions and an independent OBE 

event transient, exceeds the following: 

 

  a. If the stress range, as calculated using equation 10 of the 

ASME B&PV Code exceeds 2.4 S
m
 but is not greater than 3 S

m
, 

no breaks are postulated unless the cumulative usage factor 

exceeds 0.1. 

 

  b. The stress ranges, as calculated by equations 12 or 13 of the 

ASME B&PV Code, exceed 2.4 S
m
 or if the cumulative usage 

factor exceeds 0.1 when equation 10 exceeds 3 S
m
. 
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 3. When the above stress and usage factor criteria are not exceeded, the 

minimum of the two intermediate breaks based on highest stress, as 

calculated by Equation 10 of Paragraph NB-3653, are not postulated, 

unless the break location is in the proximity of a welded attachment. 

 

3.6.2.6.1.5  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 1 inch. 

 

 2. Circumferential breaks are postulated only in piping exceeding a 1-

inch nominal pipe diameter. 

 

 3. Longitudinal breaks 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.  At 

each of the intermediate postulated break locations identified to 

exceed the stress and usage factor limits of the criteria in 

Section 3.6.2.6.1.4 for Class 1 piping systems, either a 

circumferential or a longitudinal break, or both, are postulated 

per the following: 

 

 a. Circumferential breaks are postulated at fitting joints. 

 

 b. Longitudinal breaks are 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. 
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 c. Consideration is 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 the maximum stress 

range in the circumferential direction is greater than 

1.5 times 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 are considered. 

 

 5. For design purposes, a longitudinal break area is 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 or longitudinal break, the dynamic force of 

the jet discharge at the break location is 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 
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  coefficient.  Justifiable line restrictions, flow limiters, and the 

absence of energy reservoirs are taken into account, as applicable, 

in the reduction of the jet discharge. 

 

3.6.2.6.2  Analytical Methods to Define Blowdown Forcing Functions and 

Response Models 

 

3.6.2.6.2.1  Analytical Methods to Define Blowdown Forcing Functions 

 

Rupture of a pressurized pipe causes the flow characteristics of the system to 

change, creating reaction forces that can dynamically excite the piping system. 

 The reaction forces are a function of time and space and depend upon the fluid 

state within the pipe prior to the rupture, the break flow area, frictional 

losses, plant system characteristics, piping system, and other factors.  The 

methods used to calculate the reaction forces are presented in the following 

sections. 

 

3.6.2.6.2.1.1  Criteria 

 

The following criteria are used for calculation of fluid blowdown forcing 

functions: 

 

 1. Circumferential breaks are assumed to result in pipe severance and 

separation amounting to at least a one pipe diameter lateral 

displacement of the ruptured piping sections, unless physically 

limited by piping restraints, structural members, or piping 

stiffness, as may be demonstrated by the inelastic pipe whip analysis 

discussed in Section 3.6.2.2.2. 

 

 2. For circumferential breaks, the dynamic force of the jet discharge at 

the break location is based on the effective cross-sectional flow 

area of the pipe and on a calculated fluid pressure as modified by an 

analytically or 
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  experimentally determined thrust coefficient.  Justifiable line 

restrictions, flow limiters, positive pump controlled flow, and the 

absence of energy reservoirs are taken into account, as applicable, 

in the reduction of the jet discharge. 

 

 3. A rise time not exceeding 1 millisecond is used for the initial 

pulse, unless longer crack propagation times or rupture opening 

times are substantiated by experimental data or analytical theory. 

 

3.6.2.6.2.1.2  Forcing Functions 

 

The predicted blowdown forces on pipes fed by a pressurized vessel can be 

described by transient (time dependent) and steady state forcing functions. The 

forcing functions used are based on methods described in Reference 3.6-4. These 

may be simply described as follows: 

 

 1. The transient forcing functions occur at points along the pipe from 

the propagation of waves (wave thrust) along the pipe and, at the 

broken end, from the reaction force due to the momentum of the fluid 

leaving the end of the pipe (blowdown thrust). 

 

 2. 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 occur at the 

break end and at the pressure vessel end until a steady flow 

condition is established.  Free space and vessel conditions are used 

as boundary conditions.  The blowdown thrust causes a time dependent 

reaction force 
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   perpendicular to the pipe break that reaches a final steady state 

value. 

 

 3. 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 (P
0
) 

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 P
0
A. 

 

 4. 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: 

 

 

 

 where in any consistent set of units: 

 

  F =  blowdown force 

  P =  pressure at exit plane 

  P =  ambient pressure 

  u =  velocity at exit plane 

  q =  density at exit plane 

  A =  area of break 

  g
c
 =  Newton's gravitational constant 

 

 5. Following the transient period, a steady state period is assumed to 

exist.  Steady state blowdown forces are calculated considering 

frictional effects.  For the recirculation system, these effects 

reduce the blowdown forces from the theoretical maximum of 1.26 P
0
A. 

The 
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  method of accounting for these effects is presented in Reference 3.6-4. 

For subcooled water, a reduction from the theoretical maximum of 2.0 P
0
A 

is found through the use of Bernoulli's equation and standard equations, 

such as Darcy's equation, which account for friction. 

 

3.6.2.6.2.2  Pipe Whip Dynamic Response Analyses 

 

The prediction of time dependent and steady thrust reaction loads, caused by 

the blowdown of subcooled, saturated, and two phase fluid from a ruptured pipe, 

is used in the 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 Section 3.6.2.6.2.1. 

 

The following criteria are used for performing the pipe whip dynamic response 

analyses: 

 

 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 components 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. 
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 5. Piping contained within the broken loop is no longer considered part 

of the RCPB.  Plastic deformation in the pipe is considered as a 

potential energy absorber.  A limit of strain is imposed on the pipe 

material. 

 

 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 B&PV Code imposed limits for essential 

components under faulted loading.  However, if these components are 

required for safe shutdown or if they serve a safety function to 

protect the structural integrity of an essential component, limits to 

meet the ASME B&PV Code requirements for faulted conditions and 

limits to ensure operability, if required, are met. 

 

The pipe whip analysis is performed using the pipe dynamic analysis (PDA) 

computer program discussed in 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 a 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 
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are numerically integrated in small time steps to yield time-history 

information of the deformed pipe. 

 

A comprehensive verification program has been performed to demonstrate the 

conservatisms inherent in the PDA pipe whip computer program and the analytical 

methods used.  Part of this verification program included an independent 

analysis by Nuclear Services Corporation (NSC), under contract to General 

Electric Company (GE), 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 on Figure 3.6-36.  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 3.6-26. 

 

A comparison of the NSC analysis with the PDA analysis, as presented in 

Table 3.6-27 and on Figure 3.6-37, 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 percent 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 
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rupture loading, restraint performance, and pipe movement predictions within 

the meaningful design requirements for these low probability postulated 

accidents. 

 

3.6.2.6.3  Dynamic Analysis Methods to Verify Integrity and Operability 

 

This section provides the criteria and methods used to evaluate the effects of 

pipe displacements on safety-related structures, systems, and components 

following a postulated pipe rupture. 

 

3.6.2.6.3.1  Pipe Whip Effects Following a Postulated Pipe Rupture. 

 

Pipe whip (displacement) effects on safety-related structures, system, and 

components can be placed in two categories: 

 

 1. Pipe displacement effects on components, e.g., nozzles, valves, tees, 

etc, that are in the same piping run in which the break occurred. 

 

 2. Pipe whip or controlled displacements onto external components, e.g., 

building structure, other piping systems, cable trays and conduits, 

etc. 

 

The criteria which are used for determining the effects of pipe displacements 

on in-line components are as follows: 

 

 1. Components such as vessel safe ends and valves that 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 the limits for essential components 

under faulted loading imposed by the ASME B&PV Code, Section III. 
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 2. 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 ASME B&PV Code requirements for faulted 

conditions and limits to ensure operability, if required, are met. 

 

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

same run as the postulated break are described in Section 3.6.2.6.2.2. 

 

3.6.2.6.3.2  Loading Combinations and Design Criteria for Pipe Whip Restraints 

 

Pipe whip restraints, as differentiated from piping supports, are designed to 

function and carry the load from an extremely low probability gross failure in 

a piping system carrying high energy fluid.  The piping integrity does not 

depend on the pipe whip restraints for any loading combination.  If 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 a once in a 

lifetime loading.  The pipe break event is considered to be an accident 

condition for the ruptured pipe, its restraints, and structure to which the 

restraint is attached.  The design and analysis of these components for this 

event are performed specifically as described in Section 3.6.2.6.2 and as 

described in the following paragraphs. 

 

The pipe whip restraints used for the recirculation system consist of straps 

(either carbon steel ropes or stainless steel bars) attached to a steel frame. 

 The analytical methods used in the design of these restraints have been 

improved by incorporation of the latest force deflection data available for 

wire rope and by 
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using GE's PDA code for the dynamic analysis.  Load capacities for the 

restraint frames were developed by using a finite element structural analysis 

program code (SAP) and were confirmed by a test series using slowly applied 

loading methods to determine restraint load deflection data in the tangential 

direction (parallel to the restraint base).  The results of this test program 

are presented in Reference 3.6-9. 

 

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 pipe 

failure (gross loss of piping integrity) without allowing either 

damage to critical components or missile development. 

 

 3. The restraints shall provide minimum hindrance to inservice 

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 that 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 Section 

3.6.2.6.2.2. 
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 4. Since the pipe whip restraints are not contacted during normal plant 

operation, the postulated pipe rupture event is the only design 

loading condition. 

 

For non-NSSS pipe whip restraints, an evaluation of the impact of seismic loads 

on pipe whip restraints has been performed.  The results of this evaluation 

demonstrated that seismic stresses in pipe whip restraints are extremely low.  

Therefore, the pipe whip restraints will not fail during a seismic event and 

collapse onto safety-related components. 

 

The postulated pipe rupture loads are the only design loading conditions for 

the NSSS pipe whip restraints because other loads are negligible in 

relationship to the pipe rupture loads. 

 

The recirculation loop pipe whip restraints are composed of two parts: the 

straps and the restraint frame.  Both parts of the restraining device function 

as load carrying members and will deflect under load.  The load configurations 

for a restraint are shown on Figure 3.6-11.  The components of the restraints 

are categorized as Type I and II, as described below: 

 

 1. Type I, radial load carrying members - These members consisting of 

cables or bars, will absorb energy when loaded in the direction 

perpendicular to the restraint base by elastic and plastic 

deformation as shown on Figure 3.6-11. 

 

 2. Type II, tangential load carry members - These members, consisting of 

restraint frames, will absorb energy when loaded in the direction 

parallel to the base by plastic deformation as shown in Figure 3.6-

11. 
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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 - straps 

 

   a. For carbon steel wire ropes, the maximum acceptable load is 90 

percent of the load carrying capacity of the cable in the 

restraint configuration.  This limit takes into consideration the 

efficiency reduction experienced when a cable is wrapped around a 

pipe.   

    This means that the design load is limited to about 5 percent of 

the minimum certified load carrying capacity of the cable in 

tension. 

 

   b. For stainless steel bars, the design limit base is 50 percent of 

the minimum uniform ultimate tensile elongation. 

 

 2. Type 2, Restraint frames - Design limits for the ASTM A36 restraint 

frames are as follows: 

 

   a. 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 the 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 of 58,000 psi specified for ASTM A36 

material. 
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  b. 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.  This corresponds to 50 percent of the minimum ultimate 

elongation of 20 percent as specified for ASTM A36 material.  The 

ultimate deflection of the beam is based on a 20 percent ultimate 

elongation of the diagonal plate. 

 

3.6.2.6.4  Material to be Submitted for the Operating License Review 

 

3.6.2.6.4.1 Implementation of Criteria for Pipe Break Location and  

    Orientation 

 

The criteria for selection of postulated pipe breaks in the recirculation 

piping system are provided in Section 3.6.2.6.1.  The postulated breaks and 

types, recirculation pipe breaks selected in accordance with these criteria are 

shown on Figure 3.6-12.  Conformation with the criteria is demonstrated in 

Table 3.6-6. 

 

3.6.2.6.4.2  Implementation of Special Protection Criteria 

 

The location of pipe whip restraints provided for the recirculation piping 

systems are also shown in Figure 3.6-12.  Using the analysis methods of 

Section 3.6.2.6.2.2, this system of restraints was found to prevent 

unrestrained pipe whip at the break locations, postulated in Section 3.6.2.6.1. 
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3.6.2.7  Standard Review Plan Rule Review 

 

3.6.2.7.1  Acceptance Criterion II.1 

 

Acceptance criterion II.1 of Standard Review Plan (SRP) Section 3.6.2 provides 

that postulated pipe rupture locations in containment should meet BTP MEB 3-1, 

which imposes new limits of 2.4 S  for Class 1 pipe, in equations 10 and 12 of 

Paragraph NB-3653 of the ASME B&PV Code, Section III, for which pipe breaks 

must be postulated. 

 

The HCGS NSSS design meets the intent of MEB 3-1, Revision 1, with the 

following clarifications: 

 

 1. GE meets the requirements of criterion B.1.d, B.3.a (2-5), and B.3.b, 

as described in Sections 3.6.2.6.1.5 and 3.6.2.6.2.1.1. 

 

 2. GE has taken the following positions on the remaining items of BTP 

MEB 3-1, Revision 1, criteria within GE scope: 

 

   a. Criterion B.1.c(1) - GE uses criteria from SRP Section 3.6.2, 

Revision 0, which requires no break postulation if equation 10 is 

less than 3 S  and the cumulative usage factor is less than 0.1.  

Section 3.6.2.6.1.4 discusses this criterion in detail. 

 

The HCGS non-NSSS design meets the intent of MEB 3-1, Revision 1, with the 

following clarifications: 

 

 1. For Class 1 piping, when the stress and usage factor criteria in 

Section 3.6.2.1.1.3.b are not exceeded, the minimum of two 

intermediate breaks based on highest stress, as calculated by 

Equation 10 of Paragraph NB-3653, are not postulated unless the break 

location is in the proximity of a welded attachment. 
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 2. For Class 2 and 3 piping, when the stress criteria of Section 

3.6.2.1.1.4.b are not exceeded, the minimum of two intermediate 

breaks based on highest stress, as calculated by the sum of 

Equations 9 and 10 of Paragraph NC-3652, are not postulated unless 

the break location is in the proximity of a welded attachment. 

 

In addition to limiting the stress and usage factor values for Class 1 piping 

and limiting the stress values for Class 2 and 3 piping, the following criteria 

are all required to be met when considering deletion of arbitrary intermediate 

breaks: 

 

 1. The piping systems are not susceptible to Intergranular Stress 

Corrosion Cracking (IGSCC) nor to unanticipated waterhammer/thermal 

transient events. 

 

 2. The piping system is included in the piping startup testing program 

for steady state vibrations. 

 

 3. Safety-related equipment in the vicinity of the deleted intermediate 

break remains environmentally qualified to the non-dynamic effects of 

the pipe break with the greatest consequences on the equipment. 

 

 4. The deleted intermediate break is not in the vicinity of a welded 

attachment. 

 

3.6.2.7.2  Acceptance Criterion II.3 

 

Acceptance criterion II.3 of SRP Section 3.6.2 provides criteria for initial 

conditions used in the dynamic analysis of postulated pipe break of the 

pressurized non-NSSS piping during operation at power.  The initial condition 

to be used is the greater of the contained energy at hot standby or at 102 

percent power. 
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On HCGS, the dynamic analysis of postulated pipe break is based on the initial 

condition of 100 percent power in the pressurized pipe.  It is recognized that, 

for short periods of time, the pressure and enthalpy in some systems may be 

higher for some modes than for 100 percent power operation.  From a safe and 

realistic protection point of view, 100 percent power represents the high 

energy condition of most likely occurrence, due to the relatively short time 

period of operation at the higher energy modes. 

 

3.6.3  Definitions 

 

Certain terms used in Sections 3.6.1 and 3.6.2 have specific meanings, as 

described below: 

 

 1. Essential systems and components - Systems and components required to 

shut down the reactor, maintain it in a safe shutdown mode, and 

mitigate the consequences of a postulated piping failure, without 

offsite power. 

 

 2. 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. 

 

 3. 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 the following 

are met: 

 

   a. Maximum operating temperature is 200F or less 

 

   b. Maximum operating pressure is 275 psig or less. 
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   A system that qualifies as a high energy fluid system for only short 

periods and qualifies as a moderate-energy fluid system for the 

majority of the time is classified as a moderate energy fluid system, 

provided that the total time the system operates within high energy 

pressure/temperature conditions is less than either of the following: 

 

   a. 2 percent of the time that the system operates as a moderate 

energy fluid system 

 

   b. 1 percent of the normal operating life span of the plant. 

 

 4. Normal plant conditions - Plant operating conditions during reactor 

startup, operation at power, hot standby, or reactor cooldown to cold 

shutdown condition. 

 

 5. Upset plant conditions - Plant operating conditions during system 

transients, which may occur with moderate frequency during plant 

service life and are anticipated operational occurrences, but not 

during system testing. 

 

 6. S
h
 and S

A
 - Allowable stresses at maximum (hot) temperature and 

allowable stress range for thermal expansion, respectively, as 

defined in Article NC-3600 of the ASME B&PV Code, Section III. 

 

 7. S
m
 - Design stress intensity, as defined in Article NB-3600 of the 

ASME B&PV Code, Section III. 

 

 8. S
n
 - Primary plus secondary stress intensity range for normal and 

upset conditions, as defined in Paragraph NB-3653 of the ASME B&PV 

Code, Section III. 
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 9. 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. 

 

 10. 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: 

 

   a. The nominal size of the branch run is at least half that of the 

main run 

 

   b. The intersection is not rigidly constrained to the building 

structure 

 

   c. The branch run and main run are included together in the same 

piping stress analysis model. 

 

  For piping in containment penetration areas, terminal ends are selected 

at points located immediately beyond the required valve operability 

restraints inside and outside primary containment. 

 

  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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 11. Cumulative usage factor - The sum of all contributions to fatigue 

damage by every stress cycle during the life of the component.  (ASME 

Section III, Subsection NB-3222.4). 
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3.8  DESIGN OF CATEGORY I STRUCTURES 

 

3.8.1  Concrete Containment 

 

This section is not applicable to HCGS because it has a steel containment. 

 

3.8.2  Steel Containment 

 

The steel containment is an ASME B&PV Code Class MC vessel designed to house 

the Nuclear Steam Supply System (NSSS).  The steel containment is a part of the 

Primary Containment System, which limits the postulated release of 

radioactivity from the NSSS.  This section describes the structural design 

considerations for the primary containment and includes information that 

provides the bases for design, construction, and testing of the steel 

containment, except as modified by the plant unique analysis report, submitted 

to the NRC under separate cover (letter from R.L. Mittl to Albert Schwencer, 

dated February 10, 1984.) 

 

The primary containment consists of a drywell, a pressure suppression chamber, 

and an interconnecting vent system.  The drywell is a steel pressure vessel 

with the shape of a light bulb.  The pressure suppression chamber is a torus 

shaped steel pressure vessel located below and encircling the drywell.  A 

vertical section of the drywell and suppression chamber is shown on Figure 3.8-

1. 

 

3.8.2.1  Containment Description 

 

3.8.2.1.1  Drywell 

 

The drywell, shown on Figure 3.8-1, is a steel pressure vessel with a spherical 

lower portion 68 feet inside diameter, a cylindrical upper portion 40 feet 

6 inches inside diameter, and a removable, flanged, hemi-ellipsoidal top head, 

33 feet 2 inches inside diameter.  Its overall height is 114 feet 9 inches.  

The bottom elevation of the spherical portion is 77 feet 10 inches. Inner and 
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outer steel cylindrical skirts that are encased in concrete and anchored to a 

concrete pedestal support the drywell.  The outer skirt is designed to transfer 

the drywell loads at the bottom of the drywell into the foundation and is the 

primary support for the drywell during construction.  The inner skirt extends 

into the drywell and transfers reactor pressure vessel (RPV) loads into the 

foundation.  The inside of the drywell is filled with concrete up to Elevation 

86 feet 11 inches.  The drywell is enclosed by the concrete drywell shield 

wall.  An air gap of nominally 2 inches separates the drywell vessel from the 

concrete drywell shield wall.  The air gap permits displacement of the vessel, 

but the size of the gap is limited to allow transfer of postulated jet 

impingement forces into the drywell shield wall without rupturing the vessel. 

 

There are a few, very localized areas, below Elevation 100 feet-0 inches, where 

the air gap is reduced to as narrow as 0.5 inches.  Generally, the reduced gap 

permits unrestrained displacement of the drywell vessel.  Where restraint 

occurs, the structural effects have been included in the shell analysis.  

Additionally, a few localized areas exist where no concrete backing is 

provided.  These areas have been evaluated to verify that the vessel alone can 

satisfactorily resist postulated jet impingement forces without the added 

resistance of the shield wall. 

 

The drywell is supported laterally by the drywell shield wall near the top of 

the cylindrical portion of the vessel.  The lateral supports are designed to 

permit vertical and radial displacement of the vessel. 

 

Beam supports are provided for the drywell structural steel framing at 

Elevations 100 feet 2 inches and 121 feet 7-1/2 inches.  The supports are 

designed to permit differential radial movement between the beams and the 

shell. 

 

Weld pads are provided on the drywell shell for the attachment of pipe 

supports, pipe restraints, and similar items. 
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Containment spray headers at Elevations 129 feet 2 inches and 137 feet 3 inches 

and a monorail at Elevation 135 feet 6 inches are supported by the drywell 

shell. 

 

The drywell water seal plate is supported by the drywell at elevation 176 feet 

11 inches. 

 

Access to the drywell is provided through a bolted equipment hatch at Elevation 

107 feet and another bolted equipment hatch with a double-door air lock at 

Elevation 107 feet. 

 

3.8.2.1.2  Drywell Head Assembly 

 

The drywell head provides a flanged removable closure at the top of the drywell 

for RPV access during refueling operations.  The drywell head assembly consists 

of a hemi-ellipsoidal head held in place to the drywell flange by bolts, as 

shown on Figure 3.8-2.  The head is made of 1-1/2-inch thick plate with a 4-

inch thick flange and is secured with 180, 2-1/2-inch diameter bolts to the 4-

inch thick drywell flange.  The head to drywell flanged connection is made 

leaktight by two replaceable compression seals.  Test connections are provided 

between the seals to allow pneumatic testing from a remote location, outside 

the steel containment.  A personnel access manhole with double, testable seals 

is provided in the drywell head.  Figure 3.8-2 shows details of the drywell 

head assembly. 

 

3.8.2.1.3  Drywell Equipment Hatches and Personnel Air Lock 

 

Two 12-foot inside diameter equipment hatches in the drywell, at elevation 

107 feet, permit the transfer of equipment and components.  One hatch, at 

azimuth 135, consists of a hatch barrel and a bolted cover with double, 

testable seals.  The other hatch, at azimuth 315, with similar seals, is 

furnished with a personnel air lock welded to the removable cover.  The 

personnel air lock is an 8-foot 10-1/2-inch inside diameter cylindrical 

pressure vessel with inner and outer bulkheads.  Interlocked doors, 3-feet 9-

inches wide by 7-feet 1-inch high, with double, testable compression seals are 
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furnished in each bulkhead.  The doors are mechanically interlocked to ensure 

that at least one door is locked to maintain the primary containment integrity. 

 Figures 3.8-3 and 3.8-4 show details of the equipment hatch and the equipment 

hatch with personnel air lock, respectively. 

 

3.8.2.1.4  Control Rod Drive Removal Hatch 

 

One 3-foot inside diameter control rod drive (CRD) removal hatch at Elevation 

103 feet 6 inches in the drywell permits transfer of the CRD assemblies.  The 

hatch is furnished with double, testable seals and a bolted cover. Figure 3.8-5 

shows details of the CRD removal hatch. 

 

3.8.2.1.5  Drywell Penetrations 

 

Two general types of process pipe penetrations are provided: those that must 

accommodate thermal movement as shown by type A on Figure 3.8-6, and those that 

experience insignificant thermal stress as shown by types B and C on 

Figure 3.8-6.   

 

The bellows used in Type A triple flued head containment penetrations are 

designed, fabricated, tested, and examined in accordance with the requirements 

for Class 2 components of ASME B&PV Section III Code.   

 

Non-NSSS: 

 

The list of non-NSSS systems and their penetration identification numbers that 

use a Type A triple flued head are shown in Table 3.8-20. 

 

The design considerations for Nuclear Class 1 flued heads consist of evaluation 

of the loads transmitted to the flued head by the piping from both sides due 

to: 
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 1. Thermal expansion 

 

 2. Seismic reactions 

 

 3. Dead weight loads 

 

 4. Internal pressure 

 

 5. Dynamic loads 

 

 6. Thermal gradient effects through the flued head body 

 

 7. Thermal transient effects as a result of temperature and pressure 

changes in the system 

 

 8. Discontinuity effects resulting from dissimilar metal welds, if 

any 

 

 9. Fatigue analysis using cumulative usage approach (NB-3653.5 of 

Section III). 

 

Nuclear Class 2 flued heads are evaluated to the loads listed above with the 

exception of items 6., 7., and 9. 

 

The type A triple flued head containment penetrations are anchored to the 

building steel as shown in revised Figure 3.8-6.  In the connecting piping 

analyses, the flued head is considered a rigid anchor.  Piping reaction loads 

(forces, bending moments and torsion) are evaluated as stated above.  Fatigue 

is considered per item(9) above and includes evaluation of the flued head and 

the butt weld between the flued head and the process pipe. 

 

NSSS: 

 

The main steam piping and the head fittings are designed and fabricated to the 

requirements of the 1971 edition of Section III of the ASME B&PV Code with 

addenda through and including those of 
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Summer 1972.  The main steam head fittings are analyzed to the requirements of 

NB-3200 of the 1977 editions of Section III of the ASME B&PV Code and are 

evaluated to more restrictive stress limits of BTP MEB 3-1 in SRP 3.6.2.  The 

design report for main steam head fittings includes the evaluation of fatigue 

and the effect of pipe rupture loads.  The head fitting is modeled as a pipe 

element with rigid stiffness, and its effect on the main steam piping is 

evaluated to the requirements of NB-3600 of Section III of the ASME B&PV Code. 

 

A typical instrumentation penetration, a typical electrical penetration, and a 

typical traversing in-core probe (TIP) penetration are shown on Figures 3.8-7, 

3.8-8, and 3.8-9, respectively. 

 

The maximum allowable temperature of the drywell shield wall concrete in the 

areas around the drywell penetrations is 200F. 

 

3.8.2.1.6  Suppression Chamber 

 

The suppression chamber consists of 16 mitered cylindrical shell segments 

joined together to form a torus shaped pressure vessel located below and 

encircling the drywell, as shown on Figure 3.8-10.  The suppression chamber has 

a major diameter of 112 feet 8 inches, a minor or chamber diameter of 30 feet 

8 inches, and contains water to an approximate depth of 14 feet. Vertical 

sections of the suppression chamber are shown on Figures 3.8-11 and 3.8-12. 

 

The 1-inch thick suppression chamber shell is reinforced by full 360 ring 

beams located 3-1/2 inches from each mitered joint and by partial ring beams at 

each midcylinder location, which extend a short distance beyond the suppression 

chamber equator, as shown on Figure 3.8-11.  The ring beams provide stiffening 

for the suppression chamber shell and also allow for transfer of shell pressure 

loads and support reactions from the vent system, piping, spray header, and 

monorail and catwalk to the suppression chamber support columns. 
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The suppression chamber is supported on columns symmetrically arranged in two 

concentric rings.  These columns consist of 2-1/4-inch thick flange plates 

connected by a 1-inch thick web.  The columns are pinned to the base plate 

assembly at the bottom and to the column connection assembly at the top 

(Figure 3.8-11), thus carrying only axial loads.  Horizontal loads on the 

suppression chamber are transferred into the drywell foundation pedestal by a 

horizontal restraint system.  The horizontal restraint has pinned connections 

and slotted holes to allow for thermal expansion of the suppression chamber. 

Details of the suppression chamber columns and horizontal restraint system are 

shown on Figures 3.8-11 through 3.8-13. 

 

Attachments to the suppression chamber include vent system supports; 

penetrations; access hatches; supports for the spray header, monorail and 

catwalk; pipe supports; and weld pads. 

 

3.8.2.1.7  Suppression Chamber Access Hatches 

 

Four 4-foot inside diameter access hatches in the suppression chamber permit 

personnel access and the transfer of equipment and components.  Each hatch is 

furnished with double, testable seals.  See Figure 3.8-14 for details of the 

suppression chamber access hatches. 

 

3.8.2.1.8  Vent System 

 

The drywell and the suppression chamber are connected by eight equally spaced 

vent pipes, each with an internal diameter of 6 feet 2 inches.  These vent 

pipes are connected to a common mitered header within the suppression chamber 

with a major diameter of 112 feet 8 inches and a minor diameter of 4 feet 

3 inches. 

 

Connected to the header are 80 downcomers that terminate at Elevation 68 feet 

0-1/2 inch, below the normal water level of the suppression pool at Elevation 

71 feet 2-1/2 inches.  The downcomers have a 2-foot nominal diameter.  At the 

drywell end, the vent line 
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openings are protected by jet deflectors to prevent damage to the vent system 

from postulated jet impingement loadings originating in the drywell.  A vacuum 

breaker assembly is located at the suppression chamber end of each vent line to 

limit differential pressure between the drywell and suppression chamber. The 

vent lines are provided with two-ply testable expansion bellows assemblies at 

the suppression chamber penetrations to accommodate differential movement 

between the drywell and suppression chamber. 

 

The vent system is supported in the suppression chamber by columns, an upper 

truss, and a downcomer bracing system.  The columns transfer vent system loads 

into the suppression chamber ring girders.  The upper truss connects the vent 

line and vent header to the ring girder above. 

 

Details of the vent system components and supports are shown on Figures 3.8-15 

through 3.8-17. 

 

3.8.2.2  Applicable Codes, Standards, and Specifications 

 

The codes, standards, and specifications used in the design and construction of 

the primary containment are listed in Table 3.8-1. 

 

Structural specifications are prepared to cover the areas related to design and 

construction of the primary containment.  These specifications emphasize 

important points of industry standards for design and construction of the 

primary containment and reduce options that otherwise would be permitted by the 

industry standards.  The following areas are covered in the specifications: 

 

 1. Design loads, loading combinations, and allowable stresses for 

the drywell, suppression chamber, vent system, penetrations, and 

accessories 

 

 2. Materials for primary containment components 
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 3. Fabrication methods, including welding requirements 

 

 4. Nondestructive examination requirements 

 

 5. Test requirements. 

 

Section 1.8 provides references to regulatory guides discussed in the FSAR. 

Regulatory Guides specific to this section are discussed in Sections 3.8.2.4 

and 3.8.2.5. 

 

3.8.2.3  Loads and Loading Combinations 

 

Table 3.8-2 lists the loading combinations used for the design and analysis of 

the primary containment. 

 

3.8.2.3.1  Dead Load 

 

The dead load includes the weight of the primary containment structure and 

appurtenances plus any other permanent loads, such as concrete and hydrostatic 

loads. 

 

3.8.2.3.2  Live Load 

 

The live load includes the weight superimposed by the use and occupancy of the 

steel containment, such as moveable equipment and monorail and personnel 

loading. 

 

3.8.2.3.3  Design Basis Accident Pressure Load 

 

Transients resulting from the design basis accident (DBA) and other lesser 

accidents are presented in Section 6.2.1, and serve as the basis for the 

primary containment internal design pressure of 62 psig. 
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3.8.2.3.4  Thermal Loads 

 

The operating and postulated DBA temperatures inside the primary containment 

used for the structural analysis are as follows: 

 

        Temperature (F)         

Condition      Drywell   Suppression Chamber 

 

Operating     130 to 150  50 to 150 

Design Basis Accident      340     310 

 

3.8.2.3.5  Earthquake Loads 

 

Earthquake loads are in accordance with those discussed in Section 3.7. 

 

3.8.2.3.6  Wind and Tornado Loads 

 

Wind and tornado loads are not considered during plant operation, because the 

primary containment is enclosed by the Reactor Building. 

 

3.8.2.3.7  External Pressure Loading 

 

An external to internal differential pressure of 3 psi, as described in 

Section 6.2.1, is considered in the design of the primary containment. 

 

3.8.2.3.8  Pipe Rupture Loads 

 

The drywell and appurtenances are designed for local pipe rupture effects. 

Section 3.6 contains a detailed discussion of postulated pipe ruptures and 

their effects. 
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3.8.2.3.9  Pool Swell and Main Steam Relief Valve Discharge Loads 

 

The suppression chamber and vent system are designed for pool swell loads 

resulting from a loss-of-coolant accident (LOCA) and for safety/relief valve 

discharge loads. 

 

3.8.2.3.10  Post-Accident Containment Flooding 

 

During the period after a LOCA, the entire primary containment, including the 

suppression chamber, vent system, and drywell, may be flooded up to Elevation 

201 feet.  This condition is considered in the primary containment design. 

 

3.8.2.3.11  Test Pressure Load 

 

Upon completion of erection, the primary containment vessel, penetrations, and 

appurtenances undergo an overpressure test at 71.5 psig, followed by a leak 

rate test at 62 psig. 

 

3.8.2.4  Design and Analysis Procedures 

 

This section describes the procedures used by the primary containment 

manufacturer and engineer, Pittsburgh-Des Moines Corporation (PDM), and its 

subcontractor, NUTECH Engineers Incorporated, for the design and analysis of 

the primary containment.  All computer programs referenced are described in 

Appendix 3A. 

 

The ASME B&PV Code Class MC components and Class MC component supports, 

described in Section 3.8.2.1, are designed and analyzed in accordance with 

Article NE-3000 of Subsection NE and Article NF-3000 of Subsection NF, 

respectively, of the ASME B&PV Code, Section III, Division 1, and as augmented 

by the applicable provisions of Regulatory Guide 1.57. 
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3.8.2.4.1  Drywell 

 

The BOSOR4 computer program is used to analyze the drywell shell. 

 

The BOSOR4 mathematical model is shown on Figure 3.8-18.  The ASME B&PV Code 

provides compressive stress requirements for spherical shells subjected to 

external pressure loads.  It does not, however, address specific requirements 

for compressive stresses in spherical shells that are produced from loads other 

than external pressure.  Therefore, the following procedure is used to 

demonstrate the adequacy of the drywell shell when subjected to compressive 

loads: 

 

 1. The critical buckling pressure for the drywell spherical shell is 

determined for buckling of a thin shell sphere under uniform 

external pressure and is then used to compute a critical buckling 

stress in the shell. 

 

 2. The ASME B&PV Code allowable compressive stress for the drywell 

shell under external pressure is determined. 

 

 3. The factor of safety, which includes an allowance for shell 

imperfections, against drywell shell buckling under external 

pressure is established by dividing the critical buckling stress 

by the ASME B&PV Code allowable compressive stress. 

 

 4. The critical buckling stress for the drywell shell, when 

subjected to external pressure and other compressive loads, is 

determined from a BOSOR4 analysis. 

 

 5. The factor of safety obtained in 3. above is applied to the 

critical buckling stress determined in 4. above to obtain the 

theoretical allowable compressive stress for the drywell shell 

when subjected to a particular loading combination. 
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The procedure above meets the intent of Regulatory Guide 1.57, since the method 

maintains a factor of safety that includes an allowance for shell imperfections 

as established by the ASME B&PV Code for the external pressure loads. 

 

For additional information on the drywell buckling analysis see Appendix 3E. 

 

All computed shell stresses are within the allowable values developed by 

applying ASME B&PV Code safety factors to the computed critical buckling 

stresses. 

 

The drywell shell is analyzed for internal pressure using the BOSOR4 computer 

program.  The analysis includes the local effects of jet impingement using 

localized finite element models of the drywell shell. 

 

The air space between the outside surface of the drywell shell and the adjacent 

concrete drywell shield wall is modeled with gap elements.  An incremental 

analysis procedure is used where the total load is applied in small steps until 

the gap is closed.  The results show that all stresses are within their 

respective allowable values. 

 

3.8.2.4.2  Drywell Head Assembly 

 

Stresses in the drywell head are determined for dead load, seismic load, and 

internal and external pressure using linear elastic theory for thin shells. 

Stresses in the shell resulting from jet impingement are computed using Welding 

Research Council Bulletin 107, Reference 3.8-1.  Resulting stresses are 

combined and compared with ASME B&PV Code allowable values for specified 

loading combinations.  The shell is analyzed for external pressure using the 

ASME B&PV Code, Section III, Paragraph NE-3133. 

 

A BOSOR4 model of the drywell head and flange area is used to examine the 

flanges and bolts under jet impingement load in combination with the internal 

pressure. 
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3.8.2.4.3  Drywell Equipment Hatches and Personnel Air Lock 

 

3.8.2.4.3.1  Equipment Hatch 

 

The equipment hatch is designed and analyzed in accordance with Section III, 

Subsection NE of the ASME B&PV Code.  The cover plate is modeled as a simply 

supported circular flat plate and analyzed inelastically by means of yield line 

theory for jet impingement loads.  The hatch barrel and shell junction are 

analyzed using the computer program BOSOR4.  The stress intensities computed 

are compared with the ASME B&PV Code allowable values. 

 

3.8.2.4.3.2  Drywell Equipment Hatch and Personnel Air Lock 

 

The equipment hatch and personnel air lock are designed in accordance with the 

ASME B&PV Code, Section III, Subsection NE.  Reinforcement requirements for the 

opening in the drywell shell for the hatch barrel is determined by area 

replacement in accordance with the ASME B&PV Code, Section III, Paragraph NE-

3332.  Stresses resulting from external forces were computed manually in 

accordance with Welding Research Council Bulletin 107, Reference 3.8-1.  The 

stress analysis of the hatch cover plate and air lock barrel is accomplished 

using the computer program ANSYS. 

 

3.8.2.4.4  Drywell and Suppression Chamber Penetrations 

 

Design and analysis requirements of the drywell and suppression chamber 

penetrations include the following: 

 

 1. Ensure that reinforcing around the penetration complies with area 

replacement requirements of the ASME B&PV Code, Section III, 

Subarticle NE-3330. 

 

 2. Calculate stresses and stress intensities in the penetration 

nozzle for specified loading combinations.  The calculated stress 

intensities are compared to ASME B&PV Code allowable values. 
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 3. Calculate stresses in the nozzles to insert plate weld for 

specified loading combinations.  These stresses are compared to 

ASME B&PV Code allowable values.  The weld is also checked to 

ensure that it meets the ASME B&PV Code minimum weld size 

requirements. 

 

 4. Determine stresses in the insert plate at the nozzle to insert 

plate junction for specified loading combinations, by the method 

described in Reference 3.8-1.  Calculated stresses are compared 

to ASME B&PV Code allowable values. 

 

 5. Determine stresses in the vessel shell at the insert plate to 

shell junction for specified loading combinations, by the method 

described in Reference 3.8-1.  Calculated stresses are compared 

to ASME B&PV Code allowable values. 

 

3.8.2.4.5  Suppression Chamber 

 

The seismic analysis of the suppression chamber by the response spectra method 

uses a 360 finite element beam model, as shown on Figure 3.8-19. 

 

The suppression chamber stress analysis uses a typical 1/32 segment, finite 

element beam and shell model, as shown on Figure 3.8-20, and the STARDYNE 

computer program. 

 

The suppression chamber horizontal restraint system is analyzed using a finite 

element model of a 1/32 segment of the torus to compute shell and ring beam 

stresses, and manual calculations to compute stresses in other parts of the 

support system. 

 

Stress intensities are calculated for specified loading combinations and 

compared to ASME B&PV Code allowable values, and found to be acceptable. 
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3.8.2.4.6  Vent System 

 

A finite element beam and shell model of a 1/16 segment of the vent system and 

suppression chamber, as shown on Figure 3.8-21, is used to compute the response 

of the vent system for all loads except seismic and certain downcomer lateral 

loads.  A 360 beam model, as shown on Figure 3.8-22, is used to compute the 

response of the vent system for seismic and certain downcomer lateral loads.  

Finite element models shown on Figures 3.8-23 and 3.8-24 are used to determine 

stresses at the vent line vent header and vent header downcomer intersections. 

 The resultant stress intensities are compared with ASME B&PV Code allowable 

values. 

 

3.8.2.4.7  Plant-Unique Analysis 

 

A corroborative analysis is performed for the suppression chamber and vent 

system for applicable load combinations, including hydrodynamic loads resulting 

from main steam relief valve discharge and LOCA phenomena, in accordance with 

the GE Mark I Containment Load Definition Report, Reference 3.8-2; the Hope 

Creek Plant Unique Load Definition Report, Reference 3.8-3; and appropriate GE 

Mark I Containment Program Application Guides.  Appendix 3B includes a summary 

description of the confirmatory analysis methods used for stress assessment and 

identifies modifications to the suppression chamber and vent system. 

 

3.8.2.4.8  Ultimate Capacity of Steel Containment 

 

An analysis was performed to determine the ultimate capacity of the 

containment.  The results of this analysis are summarized in Appendix 3I. 

 

3.8.2.5  Structural Acceptance Criteria 

 

Structural acceptance criteria for the ASME B&PV Code Class MC components and 

Class MC component supports, which form the bases for establishing allowable 

stress values, deformation limits, and 
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factors of safety, are established by Section III, Subsection NE and 

Subsection NF, respectively, of the ASME B&PV Code, as augmented by the 

requirements of Regulatory Guide 1.57. 

 

The allowable stress criteria for ASME B&PV Code Class MC components and Class 

MC component supports are listed in Tables 3.8-2 and 3.8-3 for various loading 

conditions. 

 

3.8.2.6  Materials, Quality Control, and Special Construction Techniques 

 

3.8.2.6.1  Materials 

 

All materials for Class MC components and component supports meet the 

requirements of Subsections NE and NF, as applicable, of Section III of the 

ASME B&PV Code.  The primary containment components, other than stainless steel 

items, have been painted to protect against corrosion. 

 

3.8.2.6.1.1  Drywell Shell 

 

Materials used in construction of the drywell shell assembly include the 

following: 

 

 Item        ASME Specification 

 

 Drywell shell      SA-516, Grade 70 

 

 Beam seats pad plate and stiffeners  SA-516, Grade 70 

 

3.8.2.6.1.2  Drywell Head 

 

Materials used in construction of the drywell head assembly include the 

following: 
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 Item       ASME Specification 

 

 Drywell head and lower flange  SA-516, Grade 70 

 

 Bolts      SA-320, Grade L43 

 

 Nuts       SA-194, Grade 7 

 

3.8.2.6.1.3  Drywell Support Skirts 

 

Materials used in construction of the drywell support skirts include the 

following: 

 

 Item       ASME Specification 

 

 Inner and outer skirts   SA-516, Grade 70 

 

 Base plates     SA-516, Grade 70 

 

 Anchor bolts     SA-354, Grade BC 

 

3.8.2.6.1.4  Drywell Access Hatches 

 

Materials used in construction of the drywell access hatches include the 

following: 

 

 Item       ASME Specification 

 

 Sleeve and cover    SA-516, Grade 70 

 

 Bolts      SA-320, Grade L43 or 

        SA-193, Grade B7 

 

 Item       ASME Specification 

 

 Nuts       SA-194, Grade 7 
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3.8.2.6.1.5  Penetrations 

 

Materials used in construction of piping and electrical penetrations include 

the following: 

 

 Item       ASME Specification 

 

 Insert plates     SA-516, Grade 70 

 

 Nozzles      SA-516, Grade 70 

        SA-155, Grade KCF 70 

        SA-333, Grade 6 

        SA-333, Grade 1 

        SA-312, Type 304L 

 

3.8.2.6.1.6  Suppression Chamber 

 

Materials used in construction of the suppression chamber and its supports 

include the following: 

 

 Item       ASME Specification 

 

 Shell, ring beams, and ring beam SA-516, Grade 70 

 stiffeners 

 

 Support columns     SA-537, Class 2 

 Base plates     SA-537, Class 2 

 Bolting material    SA-540, Grade B21, Class 1 

 Pins       SA-540, Grade B21, Class 5 

 Horizontal restraint system: 

 

 Struts      SA-36 

 Connecting plates    SA-537, Class 2 

 Bolting material    FA-540, Grade B21, Class 1 
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3.8.2.6.1.7  Vent System 

 

Materials used in construction of the vent system include the following: 

 

 Item       ASME Specification 

 

 Vent line      SA-516, Grade 70 

 

 Vent header     SA-516, Grade 70 

 

 Downcomers      SA-516, Grade 70 

 

 Bellows ring     SA-240, Type 304L 

 

3.8.2.6.2  Welding 

 

Welding conforms to the requirements of the ASME B&PV Code, Section III, 

Subsections NE and NF, as applicable.  All butt seam welds in the shell of the 

primary containment vessel are full penetration, double bevel welds.  All 

welders and weld procedures are qualified in accordance with Section IX of the 

ASME B&PV Code. 

 

Post-weld heat treatment for pressure-retaining components is in accordance 

with the ASME B&PV Code, Section III, Subsection NE and NF, as applicable. 

 

3.8.2.6.3  Materials Testing 

 

The pressure retaining parts and attachments to the pressure retaining parts of 

the primary containment vessel are impact tested, in accordance with the 

applicable Subsections of the ASME B&PV Code, Section III.  The impact 

specimens were tested at +5F or below. 
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3.8.2.6.4  Nondestructive Examination of Welds 

 

Nondestructive examination of all pressure retaining welds is in accordance 

with the ASME B&PV Code, Section III, Subsections NE and NF, as applicable. 

 

3.8.2.6.5  Quality Control 

 

The quality assurance provisions of the applicable parts of Articles in 

Sections NA-4000, NE-4000, NE-5000, NF-4000, and NF-5000 of Section III of the 

ASME B&PV Code, including Code Case N-242, were followed in all phases of 

design, procurement, shop fabrication, and field installation of the primary 

containment. 

 

3.8.2.6.6  Erection Tolerances 

 

Erection tolerances for the primary containment vessel meet the requirements of 

Section III of the ASME B&PV Code.  In addition, the specified erection 

tolerances include the following: 

 

 1. The top head flange is within 2 inches of the design elevation 

and is level within 1/2 inch. 

 

 2. Penetrations are within 1/2 inch of their specified elevation and 

azimuth at their intersection with the vessel. 

 

 3. Alignment of penetrations are within 1/2 degree of the design 

alignment. 

 

Actual deviations from the above are evaluated in accordance with procedures 

covered in Section 3.8.2.6.5. 

 

3.8.2.6.7  Corrosion 

 

The thickness of pressure boundary elements and other critical components of 

the primary containment has been increased beyond 
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minimum design thickness to include a corrosion allowance as follows: 

 

 1. Drywell shell: 1/16 inch 

 

 2. Suppression chamber shell and ring girders: 1/8 inch 

 

 3. Vent lines and vent header: 1/16 inch 

 

 4. Downcomers: 1/8 inch 

 

 5. Vent header and downcomer supports: 1/8 inch 

 

 6. Pipe supports and related items: 1/8 inch for submerged items and 

1/16 inch for portions above water. 

 

3.8.2.6.8  Special Construction Techniques 

 

Erection of the primary containment was performed by PDM using methods, tools, 

and equipment generally accepted in the industry. 

 

3.8.2.7  Testing and Inservice Surveillance 

 

3.8.2.7.1  Preoperational Testing 

 

3.8.2.7.1.1  Structural Acceptance Test 

 

The primary containment is pneumatically tested to 1.15 times the design 

pressure during the containment overpressure test, in accordance with 

Article NE-6000 of Subsection NE, Section III of the ASME B&PV Code. 

 

The personnel air lock is pneumatically tested to 1.15 times the design 

pressure, following shop fabrication and field erection, to verify its 

structural integrity. 
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3.8.2.7.1.2  Leak Rate Testing 

 

The leaktight status of the primary containment is verified during the 

integrated leak rate test performed in accordance with 10CFR50, Appendix J, 

Option B.  See Section 6.2.6 for a description of the primary containment 

integrated leak rate test. 

 

3.8.2.7.2  Inservice Leak Rate Testing 

 

Inservice leak rate testing is discussed in Section 6.2.6. 

 

3.8.2.8  SRP Rule Review 

 

3.8.2.8.1  Deleted 

 

3.8.2.8.2  Acceptance Criterion II.4(f) 

 

Acceptance Criteria II.4(f) of SRP Section 3.8.2 and the relevant acceptance 

criteria of SRP Sections 3.8.3, 3.8.4 and 3.8.5 require that a design report be 

prepared and is considered acceptable if it contains the information specified 

in Appendix C of SRP Section 3.8.4 

 

Sufficient information is provided in the HCGS FSAR to outline the structural 

design of the Seismic Category I structures.  This information includes such 

items as structural description and geometry, load combinations, materials 

used, applicable codes and standards, and computer codes, as required by 

Regulatory Guide 1.70, Revision 3.  As required by 10CFR50 Appendix B, 

information is also available to enable an audit of these Seismic Category I 

structures to inspect and verify their structural integrity.  The information 

available for such an audit is consistent with the information requested in 

Appendix C to SRP 3.8.4. 
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3.8.2.8.3  Acceptance Criterion II.5 

 

Acceptance Criterion II.5 of SRP Section 3.8.2 refers to Table 3.8.2-1 of the 

SRP for allowable stresses for the loading combinations given in SRP 

Section 3.8.2.II.3(b).  The design requirements for HCGS deviate from the SRP 

requirements for two loading combinations: testing, and post-accident 

containment flooding. 

 

For these two loading conditions, the specified allowable stress for HCGS is 

higher than that specified in Table 3.8.2-1 of the SRP.  However, the 

calculated stresses for the Class MC components are less than the SRP stress 

limits for these two loading conditions. 

 

3.8.3  Primary Containment Internal Structures 

 

3.8.3.1  Description of the Internal Structures 

 

The functions of the primary containment internal structures include support 

and shielding of the reactor pressure vessel (RPV) and support of piping and 

equipment.  The primary containment internal structures are constructed of 

concrete and structural steel and include the following: 

 

 1. RPV pedestal 

 

 2. Biological shield 

 

 3. Platforms and pipe restraints 

 

 4. Biological shield lateral truss and RPV stabilizer. 

 

Figure 3.8-1 shows the general arrangement of the primary containment, 

including the internal structures. 
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3.8.3.1.1  Reactor Pressure Vessel Pedestal 

 

The RPV pedestal, approximately 26-feet high, is a vertical, cylindrical, 

reinforced concrete structure that rests on the drywell floor/pedestal mat and 

supports the RPV, biological shield, drywell platforms, and pipe restraints. 

 

The RPV pedestal has an outside diameter of 29 feet 11 inches and a wall 

thickness of 4 feet 10 inches.  The thickness at the top of the pedestal 

increases to 5 feet 9 inches, where it supports both the RPV and the biological 

shield.  Figure 3.8-25 shows the connection of the RPV pedestal to the base 

foundation. 

 

The biological shield is supported on the RPV pedestal, as described in 

Section 3.8.3.1.2.  The RPV is supported on the pedestal through a ring girder, 

as described in Section 5.3.3.1.  The ring girder is attached to the RPV 

pedestal by 120, 3-1/4-inch diameter high strength anchor bolts, as shown on 

Figure 3.8-26. 

 

Figures 3.8-27 and 3.8-28 show reinforcement details for the RPV pedestal. 

 

Openings are provided to allow access for personnel, piping, and equipment into 

the pedestal cavity, with additional reinforcement furnished at the openings.  

Embedded transfer girders are provided to transfer loads around the CRD 

penetrations.  A carbon steel liner plate on the inside of the RPV pedestal 

acts as a concrete form during construction. 

 

3.8.3.1.2  Biological Shield 

 

The biological shield is a 49-foot high, vertical, cylindrical shell that 

provides primary radiation shielding, as well as support for pipe restraints 

and drywell platforms.  It is designed as a composite steel-concrete structure 

and is constructed of carbon steel inner and outer plates with concrete and 

shear ties between the two plates. 
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The biological shield has an inside diameter of 26 feet 5 inches and a wall 

thickness of 1 foot 9 inches, as shown on Figure 3.8-29.  The outer steel plate 

is 1-1/2 inches thick, and the inner steel plate is 3/4-inch thick. These inner 

and outer plates are connected with shear ties spaced on approximately 4-degree 

centers in the circumferential direction and 12-inch centers in the vertical 

direction to provide adequate shear transfer. Internal stiffeners are provided 

to withstand local loads transferred through pipe restraints and drywell 

platform attachments.  The annular space between the inner and outer plates is 

filled with concrete.  The upper section, above Elevation 125 feet 5-

1/2 inches, contains high density concrete for radiation shielding in the 

reactor core area.  The biological shield is connected to the top of the RPV 

pedestal by 60, 3-1/4-inch diameter, high strength anchor bolts embedded in the 

pedestal, as shown on Figure 3.8-26. 

 

The biological shield lateral truss and RPV stabilizer, which provide lateral 

support to the biological shield and RPV, are attached to the top of the 

biological shield.  The biological shield has penetrations with hinged doors or 

removable plugs to accommodate piping connections to the RPV, and also to 

provide access for inservice inspection.  All doors are bolted to penetration 

sleeves, and the inner section of certain doors are filled with boron concrete 

where required for radiation shielding. 

 

3.8.3.1.3  Platforms and Pipe Whip Restraints 

 

Two major platforms are furnished in the drywell to provide access and support 

to piping and equipment.  The platforms consist of structural steel framing 

with steel grating.  Built up box shapes are used for beams that must resist 

significant biaxial loading.  Beams that span between the RPV pedestal or the 

biological shield and the drywell shell are provided with sliding connections 

at the drywell shell.  Thus, no significant thermal axial loads are developed 

in the beams, and no significant thermal radial loads are imposed on the 

pedestal, biological shield, or primary containment 
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shell.  Figures 3.8-31 and 3.8-32 show details of the drywell platforms. 

 

Pipe whip restraints are provided inside the drywell to prevent pipe whip due 

to a high energy pipe break.  The restraints are of two different designs:  a 

U-strap design, and a frame type design.  Typical restraints inside the drywell 

are shown on Figure 3.6-1. 

 

3.8.3.1.4  Biological Shield Lateral Truss and RPV Stabilizer 

 

The lateral truss and the RPV stabilizer provide lateral support for the 

biological shield and the RPV during seismic and pipe break loading.  The 

lateral truss spans horizontally between the primary containment and the 

biological shield.  It is shaped like an eight-point star and is fabricated 

from steel plate and pipe sections.  Figure 3.8-33 shows details of the lateral 

truss.  The truss transfers lateral forces from the RPV and the biological 

shield through the drywell shell to the concrete drywell shield wall by eight 

shear lugs attached to the drywell shell.  The shear lugs are designed to 

permit vertical and radial thermal expansion of the drywell shell. The RPV 

stabilizer spans horizontally between the biological shield and the RPV. 

 

3.8.3.2  Applicable Codes, Standards, and Specifications 

 

The codes, standards, and specifications used in the design and construction of 

the primary containment internal structures are listed in Table 3.8-7. 

 

Specifications were prepared specifically to cover the areas related to design 

and construction of the primary containment internal structures.  These 

specifications supplement the industry standards for the primary containment 

internal structures, and reduce options that would otherwise be permitted by 

the industry standards.  They cover the following major areas: 
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 1. Furnishing and delivering concrete, 

 

 2. Forming, placing, finishing, and curing concrete, 

 

 3. Furnishing, detailing, fabricating, delivering, and placing 

reinforcing steel, 

 

 4. Splicing reinforcing steel, 

 

 5. Furnishing, detailing, fabricating, delivering, and erecting 

structural steel, 

 

 6. Coating of steel and concrete surfaces. 

 

Section 1.8 provides references to Regulatory Guides discussed in the FSAR. 

 

3.8.3.3  Loads and Loading Combinations 

 

Tables 3.8-4 through 3.8-6 list the load combinations used for the design and 

analysis of the primary containment internal structures. 

 

3.8.3.3.1  RPV Pedestal 

 

Table 3.8-4 lists the load combinations used for the design of the RPV 

pedestal.  Descriptions of the loads are as follows: 

 

 1. Dead load, live load, and seismic loads - For a description of 

dead load, live load, and seismic loads, see Section 3.8.2.3. 

 

 2. Thermal loads - The RPV pedestal is designed for the temperature 

gradient resulting from the postulated design accident condition. 

 

 3. Pipe break loads - The RPV pedestal is designed to withstand pipe 

break loads due to a postulated break of 

 
 
 
 
 
 
 
 
 
 
 
 3.8-28 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



  any high energy pipe, including a 28-inch diameter recirculation 

loop pipe.  The analysis considers the effects of jet 

impingement, pipe whip, and pipe reaction.  An equivalent static 

load of 1860 kips is considered, which includes an appropriate 

dynamic load factor to account for the dynamic nature of the 

load.  Section 3.6 contains a detailed discussion of postulated 

pipe breaks and their effects. 

 

 4. Additional loads - For conservatism, a subcompartment 

pressurization is postulated due to a nonmechanistic break inside 

the bioshield.  This loading is resisted by the pedestal.  For 

additional information, see Appendix 6B.1.2. 

 

3.8.3.3.2  Biological Shield 

 

Tables 3.8-4 and 3.8-5 list the load combinations used for the design of the 

biological shield.  The most severe loading condition combines the DBA loads 

with the maximum seismic loads.  Descriptions of the loads are as follows: 

 

 1. Dead load, live load, and seismic loads - For a description of 

dead load, live load, and seismic loads, see Section 3.8.2.3. 

 

 2. Abnormal pressure load - The biological shield is designed for 

internal pressurization due to a postulated break of any high 

energy pipe, including a 28-inch diameter recirculation loop 

pipe.  The following two pressure conditions are considered: 

 

  a. Maximum unbalanced pressure, which is a pressure condition 

occurring shortly after pipe break that produces a net 

lateral load on the biological shield. 

 

 

 

 

 
 
 
 
 
 
 
 

 
 
 
 3.8-29 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



 b. Maximum uniform pressure, which is a pressure condition after 

pipe break that produces a uniform 150 psig internal 

pressure. 

 

 3. Thermal loads - The biological shield is designed for the 

temperature gradient resulting from the postulated design 

accident condition. 

 

 4. Pipe break loads - The biological shield is designed to withstand 

the pipe break effects due to a postulated break of any high 

energy pipe.  The analysis considers the effects of jet 

impingement, pipe whip, and pipe reaction.  Equivalent static 

loads are considered, including an appropriate dynamic load 

factor to account for the dynamic nature of the load. Section 3.6 

contains a detailed discussion of postulated pipe breaks and 

their effects. 

 

 5. Additional loads - For conservatism, a subcompartment 

pressurization is postulated due to a nonmechanistic break inside 

the bioshield.  This loading is resisted by the pedestal.  For 

additional information, see Appendix 6.B.1.2. 

 

3.8.3.3.3  Platforms and Pipe Whip Restraints 

 

The drywell platforms are designed using the AISC working stress design 

methods, except for pipe whip restraints supported by the platforms.  The pipe 

whip restraints are designed to undergo local inelastic deformations due to 

postulated pipe break loads.  The inelastic deformations do not cause loss of 

function of the pipe whip restraints.  The built-up beams that support the pipe 

whip restraints are designed to withstand all postulated pipe break loads. 

 

Design accident pressure, operating and design accident thermal, and seismic 

loads have been considered in the design of the drywell platforms.  The uniform 

design live load for the grating and framing 
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beam is 200 lb/ft
2
.  The design load for the framing beams also includes the 

gravity load, thermal reaction load, and seismic reaction load of all piping 

and equipment supported on the beams.  Table 3.8-5 lists the load combinations 

used to design the drywell platforms and pipe whip restraints. 

 

3.8.3.3.4  Biological Shield Lateral Truss 

 

The lateral truss is designed using the AISC working stress design methods. It 

is designed for lateral loads, including seismic and postulated pipe break 

effects. 

 

Design accident pressure, and operating and design accident thermal loads have 

been considered in the design of the lateral truss.  Table 3.8-5 lists the load 

combinations used to design the lateral truss. 

 

3.8.3.4  Design and Analysis Procedures 

 

This section describes the procedures used for the design and analysis of the 

primary containment internal structures.  All computer programs referenced are 

described in Appendix 3A. 

 

3.8.3.4.1  RPV Pedestal 

 

The RPV pedestal is designed for axisymmetric loads, which include dead load 

and design accident temperature load, using the FINEL computer program.  Both 

concrete and reinforcing steel materials are included in the model.  The 

operating and design accident temperature gradients are computed.  For 

transient loads, such as design accident pressure and thermal loads, the most 

critical combination of these loads is considered. 

 

The RPV pedestal is also designed for nonaxisymmetric loads, which include 

seismic loads, design accident pressure and pipe break loads, and RPV and 

biological shield loads, using the STRUDL and ASHSD computer programs. 
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Figure 3.8-34 shows a vertical section through the finite-element model used to 

analyze the RPV pedestal.  The model includes the RPV pedestal, the foundation 

anchorage, and the biological shield. 

 

Concrete and reinforcing steel stresses, due to axisymmetric and 

nonaxisymmetric loads, are combined where applicable to determine the total 

stress and are compared with allowable values. 

 

3.8.3.4.2  Biological Shield 

 

The biological shield is analyzed as an axisymmetric structure.  The FINEL 

computer program is used in analysis of axisymmetric loads, which include dead 

load, design accident thermal load, and design accident uniform pressure load. 

The temperature gradient across the thickness of the wall is computed.  For 

nonaxisymmetric loads, which include design accident unbalanced pressure load, 

seismic load, and pipe break load, the ASHSD computer program is used. 

Figure 3.8-34 shows a vertical section through the finite element model used to 

analyze the biological shield.  Total stresses in the biological shield are 

determined by summing the stresses resulting from axisymmetric and 

nonaxisymmetric loads and are compared with allowable values. 

 

Openings in the biological shield are analyzed locally to determine 

reinforcement requirements using the ASME B&PV Code area replacement method. 

Local stiffening of the shell is provided by thick walled penetration sleeves 

and reinforcing rings. 

 

3.8.3.4.3  Platforms and Pipe Whip Restraints 

 

The drywell platforms are designed using conventional elastic design methods, 

in accordance with the AISC Specification, Part I.  Members that are impacted 

as a result of postulated pipe break are designed using elasto-plastic methods 

to determine energy absorption capacity, as described in Bechtel Topical Report 

BN-TOP-2, Reference 3.8-4. 
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3.8.3.4.4  Biological Shield Lateral Truss 

 

Seismic forces in the lateral truss are calculated using the methods described 

in Section 3.7.  Axial force, shear force, and moment in the lateral truss due 

to postulated pipe break are calculated using the STRUDL computer program. 

 

3.8.3.4.5  Plant Unique Analysis 

 

A confirmatory analysis is performed for the suppression chamber and internal 

structures for all applicable loads, including hydrodynamic loads resulting 

from main steam relief valve discharge and loss-of-coolant accident (LOCA) 

phenomena, in accordance with NUREG 0661; NUREG 0763; the GE Mark I Containment 

Load Definition Report, Reference 3.8-2; the Hope Creek Plant-Unique Load 

Definition Report, Reference 3.8-3; and appropriate GE Mark I Containment 

Program Application Guides.  Appendix 3B includes a summary description of the 

confirmatory analysis methods used for stress assessment and identifies 

potential modifications to the suppression chamber internal structures. 

 

3.8.3.5  Structural Acceptance Criteria 

 

3.8.3.5.1  Concrete 

 

The RPV pedestal and the biological shield are designed for the factored load 

combinations listed in Table 3.8-4, in accordance with the strength method in 

American Concrete Institute (ACI) 318. 

 

3.8.3.5.2  Structural Steel 

 

Structural steel portions of the containment internal structures include the 

biological shield, platforms, pipe whip restraints, and lateral truss.  For 

normal loading conditions, the allowable stresses are in accordance with the 

AISC Specification for the Design, Fabrication, and Erection of Structural 

Steel for Buildings.  
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For extreme environmental and abnormal loading conditions, the allowable 

stresses are given in Table 3.8-5. 

 

For members that are impacted as a result of postulated pipe break effects, 

energy absorption is determined and compared to the energy input in order to 

verify that energy absorption capacity exceeds energy input. 

 

3.8.3.6  Materials, Quality Control, and Special Construction Techniques 

 

The criteria of ACI 349, Code Requirements for Nuclear Safety-Related Concrete 

Structures, applicable to this section are not used by HCGS.  This section 

discusses the alternate criteria used. 

 

3.8.3.6.1  Concrete Containment Internal Structures 

 

The concrete and reinforcing steel materials for the primary containment 

internal structures are discussed in Section 3.8.6. 

 

3.8.3.6.2  Biological Shield and Biological Shield Lateral Truss 

 

3.8.3.6.2.1  Materials 

 

Materials used in the construction of the biological shield and the lateral 

truss include the following standard specifications: 

 

 Item       Specification 

 

 Biological shield outer plate  ASTM A537, Class 1, electric 

furnace doubleslagged plus vacuum 

degassed in accordance with 

supplementary requirements S-1 of 

ASTM A20 
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 Item       Specification 

 

 Biological shield inner plate  ASTM A537, Class 1 

 

 Horizontal & vertical stiffener ASTM A537, Class 1 

 plate 

 

 Bars for shear ties    ASTM A321 

 

 Bolts for shear ties    ASTM A490 

 

 Top plate and bottom plate  ASTM A537, Class 1 

 

 Lateral truss pipe members  ASTM A618 

 

 Biological shield anchor bolts  ASTM A540, Class 3, Grade B23 

 

 Normal weight concrete   See Section 3.8.6.2.4 

 

 High density concrete   See Section 3.8.6.2.5. 

 

3.8.3.6.2.2  Welding Procedure and Qualifications 

 

The biological shield is fabricated using welding procedures prepared and 

qualified in accordance with the requirements of the ASME B&PV Code, 

Section III, Subsection ND, Article ND-4000, and Section IX.  Nondestructive 

examination of welds, including radiographic examination, ultrasonic 

examination, magnetic particle examination, and liquid penetrant examination, 

is in accordance with the ASME B&PV Code, Section III, Article ND-5000, and 

Section V. 

 

3.8.3.6.2.3  Materials Testing 

 

The biological shield outer liner plate is ultrasonically tested in accordance 

with ASTM A-578-75, including supplemental requirements 5 through 8. 
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3.8.3.6.2.4  Tolerances 

 

The specified erection tolerances include the following: 

 

 1. Each of the two concentric cylinders of the biological shield is 

plumb within 1:500 of the height. 

 

 2. The radial dimension to any point on the biological shield plates 

does not vary by more than ~1/4-inch from the centerline 

established by the design. 

 

 3. The clear distance between the two steel biological shield inner 

and outer plates does not vary more than ~1/4-inch from the 

theoretical distance at any point. 

 

 4. The penetration sleeve centerlines are within ~1/4-inch of 

specified elevations and azimuths of the RPV nozzles. 

 

 5. The elevation of the top of the biological shield is within 

~1/4 inch of that shown on the design drawings. 

 

Actual deviations from the above are handled in accordance with procedures 

covered in Section 17. 

 

3.8.3.6.3  Drywell Platforms 

 

3.8.3.6.3.1  Materials 

 

Materials used in construction of the drywell platforms include the following 

standard specifications: 

 

 Item       Specification 

 

 Structural shapes (less than  ASTM A36 

 30 pounds per linear foot) 
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 Item       Specification 

 

 Structural shapes (more than  ASTM A441 or 

 30 pounds per linear foot)  ASTM A588 

 

 Box beams and built-up wide  ASTM A537, Class 1. 

 flange beams 

 

3.8.3.6.3.2  Welding 

 

The drywell platforms are fabricated using welding procedures in accordance 

with the American Welding Society (AWS) Structural Welding Code D1.1.  (See 

Table 3.8-7). 

 

3.8.3.6.3.3  Nondestructive Examination 

 

Nondestructive examination of welds for the drywell platforms, including 

radiographic examination, magnetic particle examination, ultrasonic 

examination, and liquid penetrant examination, is in accordance with Sections 6 

and 8 of AWS D1.1. 

 

3.8.3.6.3.4  Erection Tolerances 

 

Erection tolerances for the drywell platforms are in accordance with the AISC 

specification.  Actual deviation from the specification is evaluated in 

accordance with procedures covered in Section 17. 

 

3.8.3.6.4  Quality Control 

 

Quality control requirements during construction are discussed in Section 17. 

 

3.8.3.7  Testing and Inservice Inspection Requirements 

 

The internal structures are not directly related to the functioning of the 

containment concept.  Therefore, no testing or inspection is required. 
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3.8.4  Other Seismic Category I Structures 

 

This section discusses all Seismic Category I structures, except the primary 

containment and its internals, which are described in Sections 3.8.2 and 3.8.3. 

 This section also describes certain related non-Seismic Category I structures 

that could affect safety-related systems, components, or structures. 

 

Specific structures included are: 

 

 1. Seismic Category I structures - Reactor Building; auxiliary 

Building, including control/diesel generator area and 

radwaste/service area; Station Service Water System (SSWS) intake 

structure; plant cancelled area, the former Unit 2 Reactor 

Building; and condensate storage tank dike. 

 

 2. Non-Seismic Category I structures - Turbine building; and 

administration facility, the former Unit 2 turbine building. 

 

All of these structures and their physical interrelationships are shown on 

Figure 3.8-35. 

 

3.8.4.1  Description of Structures 

 

3.8.4.1.1  Reactor Building 

 

The Reactor Building, as shown on Plant Drawings P-0014-1 and P-0042-1 through 

P-0047-1, is a reinforced concrete enclosure that consists of a cylindrical 

containment structure topped by a toroid spherical dome, with a rectangular 

lower section enclosing the base of the cylinder.  The cylindrical portion 

completely encloses both the reactor and the pressure suppression primary 

containment system.  It also houses fuel storage and handling facilities and 

engineered safety features (ESFs).  It is located in the southwest quadrant of 

the power 
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complex adjacent to the Auxiliary Building, which is to the north and east. 

 

The Reactor Building bearing/shear walls are designed to resist lateral loads 

and transmit them to the reinforced concrete foundation mat, where all loads 

are dissipated into the Vincentown Formation.  The reinforced concrete floors 

are generally supported by structural steel framing systems that are in turn 

supported by the walls.  Floor systems are designed to act as diaphragms that 

transmit lateral loads to the shear walls.  Radial framing is used within the 

cylindrical portion, while framing in the rectangular area is laid out on east-

west and north-south lines. 

 

At the north wall of the Reactor Building, where it interfaces with the 

auxiliary building control/standby diesel generator (SDG) area, a seismic 

separation joint extends from the foundation mat through the roof.  The steel 

primary containment is isolated from the reinforced concrete drywell shield 

wall by an air gap. 

 

The refueling facility is located above the primary containment.  This facility 

is supported by steel girders and by the reinforced concrete slabs and walls of 

the pools that span between the drywell shield wall and the cylindrical wall. 

 

Interior surfaces of walls and slabs of the spent fuel pool, cask loading pit, 

reactor well, and steam dryer and separator storage pool are lined with 

stainless steel plate.  The entire refueling facility meets radiation shielding 

requirements, as discussed in Section 12.3.2. 

 

All reinforced concrete walls and floors meet both structural and radiation 

shielding requirements, as discussed in Section 12.3.2.  There are no concrete 

masonry unit walls used in the reactor building. 
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The Reactor Building foundation mat, described in Section 3.8.5, extends 

eastward beyond the Reactor Building to support the southern section of the 

auxiliary building radwaste/service area. 

 

The 150 ton capacity polar crane, as described in Section 9.1.5, is supported 

by a continuous, circular corbel constructed integrally with the cylindrical 

wall. 

 

3.8.4.1.2  Auxiliary Building Control/Standby Diesel Generator Area 

 

The control/SDG area, as shown on Plant Drawings P-0051-0 through P-0057-0, is 

located in the Auxiliary Building. 

 

The control area houses the controls for both the reactor and the balance of 

plant (BOP) elements that constitute HCGS. 

 

The SDG area houses systems that provide operating power for HCGS in case of 

loss of the primary power source. 

 

The control/SDG area is separated from the Reactor Building and the plant 

cancelled area by seismic separation joints, extending in the east-west 

direction from the bottom of the foundation mats through the roofs, at their 

respective interfaces.  The area is bounded on the east by the radwaste/service 

area reinforced concrete isolation wall, and on the west by an exterior 

reinforced concrete wall.  The area is separated into individual utility areas 

by interior reinforced concrete walls, the eastern areas of which constitute 

the control area and the western SDG area. 

 

The reinforced concrete foundation mat, described in Section 3.8.5, extends 

eastward beyond the control/SDG area to support the central section of the 

radwaste/service area. 

 

The control/SDG area is a structurally integrated reinforced concrete structure 

that has bearing/shear walls designed to resist lateral loads and transmit them 

to the foundation mat, where all loads are dissipated into the Vincentown 

Formation.  The reinforced 
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concrete floors are supported by structural steel framing systems that are in 

turn supported by the walls and structural steel columns.  All floor systems 

are designed to act as diaphragms that transmit lateral loads to the shear 

walls.  All reinforced concrete walls and floors meet both structural and 

radiation shielding requirements, as discussed in Section 12.3.2.  There are no 

concrete masonry unit walls in the control/SDG area. 

 

3.8.4.1.3  Auxiliary Building Radwaste/Service Area 

 

The Auxiliary Building radwaste/service area, as shown on Plant Drawings 

P-0031-0 through P-0037-0, houses radwaste treatment and storage facilities, 

cable tray runs, main steam line tunnels, heating and ventilating equipment, 

machine shops, decontamination equipment, and personnel facilities. 

 

The Auxiliary Building radwaste/service area is separated into three sections 

by seismic separation joints extending in the east-west direction from the 

bottom of the foundation mats through the roofs.  A similar north-south seismic 

joint separates the east interface of the radwaste/service area from the 

Turbine Building and administration facility.  The west side of the 

radwaste/service area is bounded by the Reactor Building, the Auxiliary 

Building control area, and the plant cancelled area.  The northern section of 

the radwaste/service area is structurally continuous with the plant cancelled 

area, the central section with the Auxiliary Building control/SDG area, and the 

southern section with the reactor building. 

 

The structural foundations consist of the eastern portions of three separate 

reinforced concrete mats, isolated by seismic separation joints.  Each 

foundation continuously projects to the west as founding support for the 

reactor building, the control/SDG area, and the plant cancelled area, described 

in Sections 3.8.4.1.1, 3.8.4.1.2, and 3.8.4.1.4, respectively. 
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The radwaste/service area is a reinforced concrete structure that has 

bearing/shear walls designed to resist lateral loads and transmit them to the 

reinforced concrete foundation mat, where all loads are dissipated into the 

Vincentown Formation.  The reinforced concrete floors are supported by 

structural steel beam and column framing systems and are designed as diaphragms 

to resist lateral loads and transmit them to the shear walls.  All reinforced 

concrete walls and floors meet both structural and radiation shielding 

requirements, as discussed in Section 12.3.2.  There are no concrete masonry 

unit walls in the radwaste/service area. 

 

3.8.4.1.4  Plant Cancelled Area 

 

The plant cancelled area, formerly a portion of the Unit 2 Reactor Building, is 

shown on Plant Drawings P-0001-0 through P-0004-0, and P-0011-0.  It is a 

reinforced concrete enclosure that is rectangular in shape and is located in 

the northwest quadrant of the power complex, adjacent to the auxiliary 

building, which is to the south and east.  The facility does not house any 

safety-related equipment and is not occupied, except for periodic surveillance. 

 

The plant cancelled area bearing/shear walls are designed to resist lateral 

loads and transmit them to the reinforced concrete foundation mat, where all 

loads are dissipated into the Vincentown Formation.  The reinforced concrete 

floors are supported by structural steel framing systems that are in turn 

supported by the walls.  Floor systems are designed to act as diaphragms that 

transmit lateral loads to the shear walls.  Radial framing is used within the 

cylindrical portion, while framing in the rectangular area is laid out on east-

west and north-south lines.  The central portion of the roof consists of 

cellular metal decking and built-up roofing material. 

 

A seismic separation joint extends from the foundation mat through the roof at 

the south wall of the facility, where it interfaces with the Auxiliary Building 

control/SDG area.  The plant cancelled area foundation mat, described in 

Section 3.8.5, extends eastward beyond 
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the facility to support the northern section of the Auxiliary Building 

radwaste/service area. 

 

3.8.4.1.5  Station Service Water System (SSWS) Intake Structure 

 

The Station Service Water System (SSWS) intake structure, as shown on Plant 

Drawings P-0071-0 and P-0072-0, houses four service water pumps and associated 

equipment, such as ice barriers, trash racks, traveling screens, and oil 

skimmer walls. 

 

The SSWS intake structure is a reinforced concrete structure supported on a 

reinforced concrete foundation mat, as described in Section 3.8.5.  The mat is 

founded on top of a tremie concrete plug, which is in turn founded on, and 

keyed into, the Vincentown Formation. 

 

Bearing walls are designed as shear walls to resist and transfer lateral loads 

to the foundation mat, and thus through the tremie plug into the Vincentown 

Formation.  All floors and the roof of the intake structure are of reinforced 

concrete and are designed to act as diaphragms that transmit lateral loads to 

the shear walls.  There are no concrete masonry unit walls in the SSWS intake 

structure. 

 

3.8.4.1.6  Condensate Storage Tank Dike 

 

The condensate storage tank dike, as shown on Figure 3.8-36, is located in the 

yard adjacent to the Reactor Building.  It is designed to contain the total 

volume of the condensate storage tank.  The dike walls and foundation slab are 

provided with waterstops to prevent spillage from infiltrating into the 

surrounding soil. 

 

3.8.4.1.7  Non-Seismic Category I Structures 

 

3.8.4.1.7.1  Turbine Building 

 

The Turbine Building design is shown on Plant Drawings N-1011 and P-0012-1 

through P-0016-1. 
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The building houses the turbine generator unit and its attendant auxiliary 

equipment, including condensers, condensate pumps, moisture separators, air 

ejectors, feedwater heaters, reactor feed pumps, motor generator sets for 

reactor recirculation pumps, recombiners, interconnecting piping and valves, 

and switchgear.  Two 220 ton overhead cranes, described in Section 9.1.5, are 

provided above the operating floor to service the turbine generator unit. 

 

The building enclosure consists of exterior walls of reinforced concrete to 

Elevation 102 feet.  Except where shielding is required, the enclosure above 

Elevation 102 feet is accomplished with precast concrete panels to Elevation 

125 feet 6 inches and with insulated metal siding from Elevation 125 feet 

6 inches to the roof.  The roof has a nominal Elevation of 200 feet and 

consists of cellular metal decking, insulating board, and built-up roofing 

material. 

 

Vertical loads are supported by reinforced concrete walls and structural steel 

columns.  Generally, interior reinforced concrete walls and structural steel 

columns extend from the top of the base mat to Elevation 137 feet. 

 

Floor slabs are reinforced concrete supported by structural steel framing. They 

are designed to act as diaphragms to resist lateral loads and transfer them to 

the shear walls.  The reinforced concrete shear walls transfer the lateral 

loads to the reinforced concrete foundation mat, which dissipates them into the 

Vincentown Formation. 

 

In the turbine generator bay, structural steel rigid frames spanning the east-

west direction support roof loads, east-west lateral loads, and crane loads. 

North-south lateral loading is generally resisted by steel bracing and 

transferred into the shear walls at elevation 137 feet. 

 

The turbine generator is supported by a free standing, reinforced concrete 

pedestal founded on the base mat and flush with the operating floor at 

Elevation 137 feet.  The operating floor framing is supported on vibration 

damping pads that are in turn supported by 
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the pedestal.  Separation joints are provided between the pedestal and walls 

and other Turbine Building floors to prevent transfer of vibration to the 

building. 

 

The Turbine Building is isolated from the auxiliary building radwaste/service 

area by a seismic separation joint extending from the basemat through the roof 

in the north-south direction, and from the administration facility by a similar 

seismic separation joint extending in the east-west direction. 

 

Some interior walls, required for separation, radiation shielding, or fire 

protection, are constructed of fully grouted, reinforced concrete masonry 

units. 

 

3.8.4.1.7.2  Administration Facility 

 

The administration facility, formerly the Unit 2 Turbine Building, is shown on 

Plant Drawings P-0001-0 through P-0005-0, and P-0010-0.  The building houses 

the administrative offices and warehouse facility in support of plant 

operation. In addition, the former Unit 2 Turbine Building operating floor is 

accessible from the adjacent operating floor for use as a laydown area.  The 

two overhead cranes provided to service the turbine generator unit can also 

operate over this laydown area. 

 

The facility enclosure consists of exterior walls of reinforced concrete to 

Elevation 102 feet.  The enclosure above elevation 102 feet is accomplished 

with precast concrete panels and window walls to Elevation 125 feet 6 inches, 

and with insulated metal siding and window walls from Elevation 125 feet 

6 inches to the roof.  The roof has a nominal Elevation of 200 feet and 

consists of cellular metal decking, insulating board, and built-up roofing 

material. 

 

Vertical loads are supported by reinforced concrete walls and structural steel 

columns.  Generally, reinforced concrete walls and structural steel columns 

extend from the top of the base mat to Elevation 137 feet. 
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Floor slabs are reinforced concrete supported by structural steel framing. They 

are designed to act as diaphragms to resist lateral loads and transfer them to 

the shear walls.  The reinforced concrete shear walls transfer the lateral 

loads to the reinforced concrete foundation mat, described in Section 3.8.5, 

which dissipates them into the Vincentown Formation. 

 

In the laydown area, structural steel rigid frames spanning the east-west 

direction support roof loads, east-west lateral loads, and crane loads. North-

south lateral loading is generally resisted by steel bracing and transferred 

into the shear walls at elevation 137 feet. 

 

The administration facility is isolated from the Auxiliary Building 

radwaste/service area by a seismic separation joint, extending from the basemat 

through the roof in the north-south direction, and from the Turbine Building by 

a similar seismic separation joint extending in the east-west direction. 

 

Some interior walls, required for radiation shielding, area isolation, or fire 

protection, are constructed of fully grouted, reinforced concrete masonry 

units. 

 

3.8.4.2  Applicable Codes, Standards, and Specifications 

 

Table 3.8-7 lists the codes, standards, and specifications used in designing, 

fabricating, and constructing non-Seismic Category I structures discussed in 

Section 3.8.4.1, and Seismic Category I structures other than the primary 

containment and its internals, which are discussed in Sections 3.8.2 and 3.8.3. 

Applicable regulatory guides are discussed in Section 1.8. 

 

3.8.4.3  Loads and Load Combinations 

 

The following loads and load combinations are considered in the design of non-

Seismic Category I structures discussed in Section 3.8.4.1, and Seismic 

Category I structures other than the 
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primary containment and its internals.  Structures that directly affect the 

integrity of the reactor coolant pressure boundary (RCPB), the capability to 

shut down the reactor and maintain it in a safe shutdown condition, or the 

capability to prevent or mitigate the consequences of accidents that could 

result in potential offsite exposures comparable to the guideline exposures of 

10CFR50.67, are designed to withstand the effects of these loads and load 

combinations. 

 

3.8.4.3.1  Definition of Loads 

 

3.8.4.3.1.1  Normal Loads 

 

Normal loads are those encountered during normal plant startup, operation, and 

shutdown.  They include dead loads, live loads, operating thermal loads, and 

operating pipe reaction loads. 

 

3.8.4.3.1.1.1  Dead Loads (D) 

 

Dead loads include the weight of framing, roofs, floors, walls, partitions, 

platforms, and all permanent equipment and materials.  The vertical and lateral 

pressures of groundwater and liquids are also treated as dead loads. 

 

Floors are designed for major equipment loads.  For permanently attached small 

equipment, piping, conduit, and cable trays, a minimum of 50 psf is added. 

 

Where piping is supported from platforms or walkway beams, actual loads are 

determined and used.  After pipe hanger locations and loads for main piping are 

fully established, all structural members, including those already designed, 

are reviewed for structural adequacy and, if loads exceed design allowables, 

the members are reinforced to withstand the established loads. 
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3.8.4.3.1.1.2  Live Loads (L) and Operating Live Loads (L
o
) 

 

Live loads include any movable equipment loads and other loads that vary with 

intensity and occurrence, such as soil pressures, snow loads, pressure 

difference due to variation in heating and cooling, outside atmospheric 

changes, and the dynamic effects of operating equipment. 

 

The design live loads designated as "L" include floor area loads, laydown 

loads, nuclear fuel and fuel transfer cask loads, equipment handling loads, and 

lateral earth pressure loads.  The floor area live load is omitted from areas 

occupied by equipment whose weight is specifically included in dead load.  Live 

load is not omitted under equipment where access is provided. 

 

In load combinations including earthquake motions, the live loads are limited 

to the designation "L
o
," which is defined as the live load expected to be 

present when the plant is operating.  The L
o
 loads are applied simultaneously 

with the seismic forces.  In the laydown areas, the actual weight of the 

equipment, as spread out on the floor, is considered L
o
. 

 

3.8.4.3.1.1.3  Operating Thermal Loads (T
o
) 

 

Operating thermal loads are based on the most critical transient or steady 

state condition to occur during normal operation. 

 

3.8.4.3.1.1.4  Operating Pipe Reaction Loads (R
o
) 

 

Operating pipe reaction loads are based on the most critical transient or 

steady state condition. 

 

3.8.4.3.1.2  Severe Environmental Loads 

 

Severe environmental loads are those that could infrequently be encountered 

during the plant life and include operating basis earthquake seismic loads and 

severe wind loads.  Components are 
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designed to remain within appropriately defined allowable stress limits when 

subjected to severe environmental loads. 

 

3.8.4.3.1.2.1  Operating Basis Earthquake Seismic Loads (E
o
) 

 

The free field ground acceleration at the bottom of the foundation mat for the 

OBE is 0.1g.  Refer to Sections 3.7.1, 3.7.2, and 3.7.3 for a detailed 

discussion of seismic requirements. 

 

3.8.4.3.1.2.2  Severe Wind Loads (W) 

 

Severe wind loads are as described in Section 3.3. 

 

3.8.4.3.1.3  Extreme Environmental Loads 

 

Extreme environmental loads are those that are credible but highly improbable 

and include safe shutdown earthquake seismic loads, tornado loads, and extreme 

wind and flood loads. 

 

3.8.4.3.1.3.1  Safe Shutdown Earthquake Seismic Loads (E
s
) 

 

The free field ground acceleration at the bottom of the foundation mat for the 

SSE is 0.2g.  Refer to Sections 3.7.1, 3.7.2, and 3.7.3 for a detailed 

discussion of seismic requirements. 

 

3.8.4.3.1.3.2  Tornado Loads (W
t
) 

 

Tornado loads include wind velocity pressure loads (W
tq
) and differential 

pressure loads (W
tp
) as described in Section 3.3, and tornado generated missile 

impact loads (W
tm
), as described in Section 3.5.3. 

 

3.8.4.3.1.3.3  Extreme Wind and Flood Loads (W
e
) 

 

Loads under extreme wind conditions are based on the probable maximum hurricane 

(PMH) and concurrent flood resulting from wind and tidal action, as discussed 

in Sections 2.4.2 and 3.3.1. 
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3.8.4.3.1.4  Abnormal Loads 

 

Abnormal loads are those generated by a postulated high energy pipe break. 

 

3.8.4.3.1.4.1  Abnormal Pressure Loads (P
a
) 

 

Abnormal pressure loads within or across a compartment and/or structure result 

from postulated pipe rupture.  The time dependent nature of the load and the 

ability of the structure to deform beyond yield is considered in establishing 

the structural capacity necessary to resist the effects of P
a
. 

 

3.8.4.3.1.4.2  Abnormal Thermal Effects (T
a
) 

 

Abnormal thermal effects result from thermal conditions generated by the 

postulated pipe rupture.  T
a
 includes the effects of T

o
. 

 

3.8.4.3.1.4.3  Abnormal Pipe Reaction Loads (R
a
) 

 

Abnormal pipe reaction loads result from the thermal conditions generated by 

the postulated pipe rupture and include R
o
. 

 

3.8.4.3.1.4.4  Abnormal Local Effects (R
r
) 

 

Abnormal local effects on structures are due to postulated pipe rupture.  The 

local effects include the following: 

 

 1. R
rr
 - Load on the structure generated by the reaction of a 

ruptured high energy pipe during the postulated event.  The time 

dependent nature of the load and the ability of the structure to 

deform beyond yield is considered in establishing the structural 

capacity necessary to resist the effects of R
rr
. 

 

 2. R
rj
 - Load on the structure generated by the jet impingement from 

a ruptured high energy pipe during the 
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  postulated event.  The time dependent nature of the load and the 

ability of the structure to deform beyond yield is considered in 

establishing the structural capacity necessary to resist the 

impact. 

 

 3. R
rm
 - The energy resulting from the impact of a ruptured high 

energy pipe on a structure or pipe restraint during the 

postulated event.  The type of impact, together with the ability 

of the structure to deform beyond yield, is considered in 

establishing the structural capacity necessary to resist the 

impact. 

 

The jet forces used to evaluate R  are determined using methods and procedures 

discussed in Section 3.6.2. 

 

3.8.4.3.2  Load Combinations 

 

Tables 3.8-8 through 3.8-11 list the load combinations, applicable load 

factors, and allowable limits used in the design of the applicable structure. 

Table 3.8-12 summarizes the symbols used in the load combinations. 

 

Maximum effects of P
a
, T

a
, R

a
, and R

r
 are combined, unless a time history 

analysis is performed to justify lower combined values. 

 

In addition to the combinations listed in Tables 3.8-8 through 3.8-11, the 

following combinations for W
t
 and R

r
 are also a design requirement, where 

applicable, for Seismic Category I structures: 

 

 1. Tornado effects W
t
: 

 

  a. W
tq
, W

tp
 or W

tm
 acting independently 

 

  b. W
tp
 + 0.5 W

tp
 

 

  c. W
tq
 + W

tm
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 d. W
tq
 + 0.5 W

tp
 + W

tm
 

 

 2. Local effects of pipe rupture R
r
: 

 

  a. R
rj
 or R

rr
 acting independently 

 

  b. R
rr
 + R

rm
 

 

  c. R
rr
 + R

rm
 + R

rj
 

 

The central portion of the roof of the plant cancelled area is not designed to 

withstand the tornado effects of item 1. above. 

 

3.8.4.4  Design and Analysis Procedures 

 

3.8.4.4.1  Seismic Category I Structures 

 

The Seismic Category I structures described in Section 3.8.4.1 are designed to 

maintain elastic behavior for the loads and load combinations described in 

Section 3.8.4.3, except for dynamic loads generated by abnormal pressure and 

abnormal local effects.  All reinforced concrete components of the structure 

are designed by the strength method per ACI 318, as listed in Table 3.8-7. 

Generally, all structural steel components are designed by the working stress 

method per AISC specifications listed in Table 3.8-7, except for dynamic loads 

generated by abnormal pressure and abnormal local effects.  For dynamic loads 

generated by abnormal pressure and abnormal local effects, the structural 

members are allowed to exceed the yield strain and displacement values, since 

the impulse loads are short term and missile impact has a defined input energy 

limit. 

 

Seismic design of structures is described in Sections 3.7.1, 3.7.2, and 3.7.3. 

The structures are analyzed dynamically. 

 

Design of structures for missile protection is covered in Section 3.5.3. 
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There are no concrete masonry unit walls in Seismic Category I structures. 

 

Appendix 3F discusses the design and analysis procedures for the fuel pool 

liner and slab. 

 

3.8.4.4.2  Non-Seismic Category I Structures 

 

The non-Seismic Category I structures described in Section 3.8.4.1 are designed 

to maintain elastic behavior for the loads and load combinations described in 

Tables 3.8-9 and 3.8-11.  In addition, the Turbine Building and administration 

facility are checked to verify that they do not collapse on, or interact with, 

adjacent Seismic Category I structures for certain abnormal and extreme 

environmental conditions, as described in Tables 3.8-9 and 3.8-11. All 

reinforced concrete components of the structure are designed by the strength 

method per ACI 318, as listed in Table 3.8-7.  Structural steel components are 

designed by the working stress method per AISC specifications listed in 

Table 3.8-7. 

 

The Turbine Building and administration facility are designed in accordance 

with the criteria established by the UBC, as listed in Table 3.8-7, for 

structures in Seismic Zone No. 1, together with any additional requirements 

stated herein. 

 

To provide assurance that the turbine building and administration facility will 

not collapse due to SSE ground motions, they are analyzed using dynamic 

techniques.  These structures are designed to accommodate an SSE event by the 

following methods: 

 

 1. Reinforced concrete elements are designed for ductile behavior in 

accordance with UBC or for elastic-plastic behavior provided its 

ductility factor does not exceed 3 and structural resistance is 

based on Section Strength (U) for concrete. 
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 2. Structural steel elements are designed by the working stress 

method or for elastic plastic behavior provided its ductility 

factor does not exceed 3. 

 

Concrete masonry unit walls in the non-Seismic Category I turbine building and 

administration facility are used only for radiation shielding, fire separation, 

and miscellaneous supports, and are designed for vertical loading and seismic 

loading in accordance with the UBC, as listed in Table 3.8-7. 

 

3.8.4.4.3  Computer Programs 

 

Computer programs used in the design and analysis of the Seismic Category I and 

non-Seismic Category I structures described in Section 3.8.4.1 are discussed in 

Appendix 3A. 

 

3.8.4.5  Structural Acceptance Criteria 

 

3.8.4.5.1  Reinforced Concrete 

 

The reinforced concrete structural components are designed by the strength 

method in accordance with ACI 318, as listed in Table 3.8-7, for loads and load 

combinations described in Section 3.8.4.3.  The margins of safety are contained 

in the capacity reduction factors (u) specified in the code.  Table 3.8-18 

provides the allowable ductility ratios used in design for impactive and 

impulsive loading.  A review of the design of flexural beams and slabs 

indicates that the actual ductility ratios are less than the allowable 

ductility ratios in Regulatory Guide 1.142. 

 

3.8.4.5.2  Structural Steel 

 

Generally, structural steel components are designed by the working stress 

method in accordance with AISC specifications, as listed in Table 3.8-7, for 

loads and load combinations described in Section 3.8.4.3.  The allowable 

stresses for different load combinations are also indicated in Tables 3.8-10 

and 3.8-11.  The 
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margins of safety are contained in the allowable design stresses.  Table 3.8-19 

provides the allowable ductility used for impactive and impulsive loading. 

 

3.8.4.5.3  Concrete Masonry Unit Walls 

 

Concrete masonry unit walls are used only for radiation shielding, fire 

separation, or miscellaneous supports in the non-Seismic Category I Turbine 

Building and administration facility.  They are not shear walls and are 

designed to the working stress method of UBC, as listed in Table 3.8-7. 

 

3.8.4.6  Materials, Quality Control, and Special Construction Techniques 

 

Materials, quality control, and special construction techniques are discussed 

in Section 3.8.6. 

 

3.8.4.7  Testing and Inservice Inspection Requirements 

 

Testing and inservice inspection are not required for Seismic Category I 

structures other than the primary containment and its internals. 

 

3.8.4.8  SRP Rule Review 

 

3.8.4.8.1  Concrete Design 

 

Acceptance Criteria II.2 of SRP 3.8.3 and 3.8.4 requires that Category I 

structures be designed in accordance with Specification ACI 349 as augmented by 

Regulatory Guide 1.142.  The HCGS design was based on the requirements of 

Specification ACI 318-71. 

 

The Category I structures concrete design for HCGS began prior to the issue of 

Specification ACI 349 (1976).  As a result, all concrete design is based on 

using Specification ACI 318-71 with the following clarifications: 
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A review of the design of the HCGS Seismic Category I structures indicates that 

there is no impact due to differences in the structural acceptance criteria 

between ACI 318-71 and ACI 349-76 as augmented by Regulatory Guide 1.142. 

 

The load combinations used are in conformance with the following SRP sections 

except that the 0.9 load factor on dead load as required by ACI 349-76 was not 

used: 

 

 Structures     SRP Section 

 

 Primary Containment   3.8.3.II.3.b. 

 Internal Concrete Structures  

 

 Other Seismic Category I  3.8.4.II.3.b. 

 Concrete Structures 

 

Based on parametric analyses, an adequate design margin exists to compensate 

for the effects of the reduced dead load factor. 

 

Table 3.8-18 provides a comparison of the allowable ductility ratios used for 

design of the concrete structural components subjected to impactive and 

impulsive loadings and the criteria outlined in Appendix C of ACI 349 as 

modified by Regulatory Guide 1.142.  The criteria in Appendix C of ACI 349 as 

modified by Regulatory Guide 1.142 is referenced in Appendix A of NUREG-0800, 

SRP Section 3.5.3. 

 

Except for flexural beams and slabs subjected to impactive loads, the allowable 

ductility ratios used in the design are less than or equal to those in the 

Regulatory Guide.  The allowable ductility ratios for beams and slabs used in 

design are based on the evaluation of test data reported in References 3.8-5 

and 3.8-6 and tests performed by the Architect/Engineer. 

 

The test results consistently demonstrate that actual ductility ratios in 

excess of 50 are reached prior to failure.  Therefore, by limiting the values 

to 10 for beams and 30 for slabs, the design is 
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conservative.  Furthermore, the flexural members are designed to meet 

additional reinforcing requirements (See Table 3.8-18) to ensure ductile 

behavior.  A review of the design of flexural beams and slabs indicates that 

the actual ductility ratios are less than the allowable ductility ratios in 

Regulatory Guide 1.142. 

 

3.8.4.8.2  Structural Steel Design 

 

Table 3.8-19 provides a comparison of the allowable ductility ratios used for 

design of structural steel subjected to impactive and impulsive loading, and 

the criteria outlined in Appendix A of NUREG-0800, SRP Section 3.5.3.  Except 

for flexure in beams subjected to impactive loads (other than the tornado 

missiles) and axial tension members subject to impulsive loads, the ductility 

ratios are essentially identical.  Based on the recommendations provided in 

References 3.8-5 and 3.8-6 and tests performed by the Architect/Engineer, it 

has been demonstrated that steel members under flexural loads can sustain 

higher ductility ratios (on the order of 30) without collapse.  Therefore, a 

limiting value of 20 used in the design is conservative.  Furthermore, 

additional design and fabrication features (such as box sections, lateral 

bracings, NDE, etc.) are incorporated in the flexural members to preclude 

buckling and to ensure material quality. 

 

As a follow-up of the NRC Structural Audit, all flexural beams subjected to 

impactive loads (other than tornado missiles) have been reevaluated utilizing 

final design parameters.  This reevaluation revealed that the actual ductility 

ratios are less than or equal to the allowable ductility ratios in Appendix A 

of NUREG-0800, SRP Section 3.5.3. 

 

Regarding the ductility ratio for axial tension members subject to impulsive 

loads, the HCGS limit of 3 is always conservative for the types of steel used. 
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3.8.4.8.3  Spent Fuel Rack Design 

 

Acceptance Criterion II.4.f requires that the spent fuel racks be designed in 

compliance with Appendix D of SRP 3.8.4, which requires that construction 

materials should conform to Section III, Subsection NF of the ASME Code. 

 

The design, analysis and fabrication of the spent fuel racks conforms with the 

applicable provisions of Subsection NF.  See Appendix 9B for a description of 

the design, analysis and construction of the racks. 

 

The spent fuel racks are constructed of ASTM A-240 and ASTM A-564 stainless 

steel.  The A-240 and A-564 material specifications are identical to the ASME 

SA-240 and SA-564 material specifications.  All rack steel is supplied with 

certified material test reports. 

 

The rack materials are procured under a Q.A.  Program that is intended to 

comply with: 

 

 1. 10CFR50, Appendix B, "Quality Assurance Criteria for Nuclear 

Power Plants and Fuel Reprocessing Plants". 

 

 2. ANSI/ASME N45.2, "Quality Assurance Program Requirements for 

Nuclear Facilities", and 

 

 3. ANSI/ASME NQA-1, "Quality Assurance Program Requirements for 

Nuclear Power Plants". 

 

3.8.5  Foundations 

 

Foundations for all Seismic Category I structures and the turbine building and 

the administration facility, which are non-Seismic Category I structures, are 

described in this section. 
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3.8.5.1  Description of the Foundations 

 

The configuration of the foundation mats for the various structures is shown on 

Figure 3.8-37. 

 

Reinforced concrete mat foundations are provided for all structures.  Except 

for the Station Service Water System (SSWS) intake structure, the mats rest 

either on the Vincentown Formation or on engineered structural backfill placed 

on the Vincentown Formation.  The mat and the lean concrete leveling course for 

the intake structure rest on a tremie concrete plug supported by the Vincentown 

Formation. 

 

Bearing walls of the structures are rigidly connected to the foundations. Steel 

columns are attached to the foundation 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 roof and floor diaphragms.  The 

shear walls in turn transfer the horizontal shears to the foundation mats. The 

mats transfer all loads to the Vincentown Formation through friction and/or 

direct bearing. 

 

All mats, except that for the SSWS intake structure, are 14 feet thick and are 

constructed in two lifts.  Additional shear reinforcement is provided at the 

horizontal joints where necessary.  The thickness of the mat for the SSWS 

intake structure varies between 6 feet and 4 feet 6 inches and is constructed 

in one lift.  Each concrete pour is placed in a "checkered-board" pattern to 

minimize the effects of concrete shrinkage and heat of hydration. 

 

In the power block area, a leveling mud mat, an unreinforced concrete layer, is 

provided beneath the concrete topping mat to facilitate construction and 

installation of the waterproofing membrane.  A multiple waterproofing membrane 

is provided on the leveling mat and on the outside face of the peripheral walls 

below grade.  In the case of the SSWS intake structure, the exterior walls 
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and the bottom of the structural mat are protected with a waterproofing system. 

 

Each main foundation mat is separated from the others by a seismic joint at 

least 2-inches wide.  Piping and conduit crossing seismic joints are provided 

with sufficient flexibility to accommodate a 3/4-inch post-earthquake 

differential settlement.  The basis for estimating post-earthquake differential 

settlement, as indicated in Section 2.5.4.8.3, is based on analytical 

procedures developed by Lee and Albaisa (Reference 2.5-110).  This settlement 

is considered to have an insignificant effect on the structural design of the 

base mat. 

 

Piping which crosses a seismic joint is analyzed for building settlement 

effects assuming a 3/4 inch relative vertical displacement between the first 

vertical rigid support on both sides of the seismic joint.  The stresses 

generated in the pipe as a result of differential settlement is evaluated 

against ASME B&PV Section III code allowables equal to 3S  (Ref: NC/ND-3652.3) 

where S  is the basic material allowable stress value at room temperature. The 

loads on supports are accounted for in the design of pipe supports. Electrical 

conduit crossing a seismic joint are provided with flexible couplings and 

fittings as shown in Figures 3.8-45 and 3.8-46. 

 

Peripheral subterranean walls are designed to resist lateral pressures due to 

backfill, groundwater, flood, and surcharge loads in addition to dead loads, 

live loads, and seismic loads. 

 

Figures 3.8-38 through 3.8-43 show details and Table 3.8-13 summarizes 

descriptions of the foundations. 

 

3.8.5.1.1  Reactor Building and Southern Section of the Radwaste/Service Area 

of the Auxiliary Building 

 

The foundation mat for the Reactor Building and the southern section of the 

radwaste/service area is poured to act as a single slab, as 
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shown for Mat 3 on Figures 3.8-37 and 3.8-40.  The mat is typically reinforced 

with No. 18 bars at 26-inch centers on the top, and No. 18 bars at 13-inch 

centers on the bottom.  A second layer of the same reinforcement is provided in 

the area supporting the primary containment.  Vertical shear reinforcement is 

provided with No. 10 bars typically located in a 26-inch by 52-inch grid 

pattern. 

 

3.8.5.1.2 Auxiliary Building Control/Diesel Generator Area and Central Section 

of the Radwaste/Service Area 

 

The foundation mat for the control/diesel generator area and the central 

section of the radwaste/service area is poured to act as a single slab, as 

shown for Mat 5 on Figures 3.8-37 and 3.8-42. 

 

The mat is typically reinforced with No. 18 bars at 26-inch centers at both the 

top and the bottom.  No. 11 bars are provided for additional reinforcement, 

where required.  Vertical reinforcement is provided by No. 10 bars, where 

required. 

 

3.8.5.1.3 Plant Cancelled Area and Northern Section of the Auxiliary Building 

Radwaste/Service Area 

 

The foundation mat for the plant cancelled area and the northern section of the 

radwaste/service area is poured to act as a single slab, as shown for Mat 4 on 

Figures 3.8-37 and 3.8-41.  The mat is typically reinforced with No. 18 bars at 

26-inch centers on both top and the bottom in multiple layers. Vertical shear 

reinforcement is provided with No. 10 bars typically located in a 26-inch by 

52-inch grid pattern. 

 

3.8.5.1.4  SSWS Intake Structure 

 

The foundation mat for the SSWS intake structure is 4 feet 6 inches thick on 

the waterfront side and 6 feet thick on the landward side.  It is placed in 

four blocks to act as a single slab, as shown for Mat 6 on Figures 3.8-37 and 

3.8-43.  Typical reinforcement consists 
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of No. 10 bars at 12-inch centers.  No. 7 bars are provided for additional 

reinforcement, where required. 

 

3.8.5.1.5  Turbine Building and Administration Facility 

 

The foundation mat for the Turbine Building is shown as Mat 1 and the 

administration facility as Mat 2 on Figure 3.8-37, and on Figures 3.8-38 and 

3.8-39, respectively.  Both mats are typically reinforced with No. 18 bars at 

26-inch centers on both top and bottom.  No. 11 bars are provided for 

additional reinforcement, where required. 

 

3.8.5.2  Applicable Codes, Standards, and Specifications 

 

Codes, standards, and specifications used in the design, fabrication, and 

construction of foundations of the structures are listed in Table 3.8-15. 

 

3.8.5.3  Loads and Load Combinations 

 

Loads and load combinations used in the foundation mat design are described in 

Section 3.8.4.  In addition, the following load combinations are considered in 

order to determine the factor of safety against sliding and overturning due to 

winds, tornadoes, seismic loads, and against flotation due to groundwater and 

design basis flood: 

 

 1. D + H + W 

 2. D + H + W
t
 

 3. D + H + E
o
 

 4. D + H + E
s
 

 5. D + F 

 

where D, E
o
, W, E

s
 and W

t
 are defined in Section 3.8.4, and H and F are the 

lateral earth pressure and buoyant force due to design basis flood, 

respectively. 
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3.8.5.4  Design and Analysis Procedures 

 

The foundations are designed to maintain elastic behavior under different loads 

and load combinations.  Loads and load combinations are described in 

Sections 3.8.4 and 3.8.5.3.  The design and analysis of the reinforced concrete 

foundations are carried out in accordance with ACI 318.  Appendix 3D contains 

critical sections, loads, and a discussion of how these loads are accommodated 

in the Reactor Building and the southern section of the radwaste/service area, 

and the Auxiliary Building control/diesel generator and central section of 

radwaste/service area basement designs. 

 

Bearing walls and steel columns carry all the vertical loads from the structure 

to the foundation mat.  Lateral loads are transferred to the shear walls by the 

roof and floor diaphragms.  The shear walls then transmit the loads to the 

foundation mat. 

 

The loads on the mats are determined using finite element analysis program 

BSAP, as discussed in Appendix 3A.  The adjacent mats, the supporting and 

surrounding soils, and the stiff load bearing walls are included in the model 

to determine their effects. 

 

Settlement of the foundations of the Seismic Category I structures is 

considered in the design.  Estimated settlement is discussed in 

Section 2.5.4.10. 

 

Stability against sliding is ensured by dead weight of the structures, the 

subgrade soil friction, and lateral soil resistance to the foundations.  The 

SSWS intake structure is provided with additional anchorage by having a shear 

key installed at the bottom of the tremie concrete.  Stability against 

overturning is ensured by the dead weight and lateral soil resistance. 

 

Appendix 3G contains a discussion of the intake structure stability analysis. 
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A detailed description of the foundation bearing stratum is given in 

Section 2.5.  The calculated bearing pressure is within allowable limits, as 

discussed in Section 2.5.4.11.  Summaries of stability calculations are 

provided in Appendixes 3G and 3H. 

 

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 Section 3.8.4.  In addition, for the additional load 

combinations a. through e.  delineated in Section 3.8.5.3, the calculated 

factor of safety against overturning, sliding, and flotation exceeds the 

following minimum values: 

 

Load Combination   Minimum Factors of Safety 

    Overturning  Sliding  Flotation 

 

1. D + H + W   1.5     1.5   - 

2. D + H + W   1.1     1.1   - 

3. D + H + E   1.5     1.5   - 

4. D + H + E   1.1     1.1   - 

5. D + F     -      -   1.1 

 

3.8.5.6  Materials, Quality Control, and Special Construction Techniques 

 

3.8.5.6.1  Materials and Quality Control 

 

The foundation mats of the Seismic Category I structures are constructed of 

reinforced concrete.  Concrete and reinforcing steel materials are discussed in 

Section 3.8.6.  The concrete design strength is generally 4000 psi, except for 

the 2500 psi tremie concrete fill beneath the base mat of the SSWS intake 

structure. 
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3.8.5.6.2  Construction Techniques 

 

3.8.5.6.2.1  Power Block Complex 

 

In the general area where the reactor building, the control/diesel generator 

area and radwaste/service area of the Auxiliary Building, the administration 

facility, and the Turbine Building are located, an open cut excavation is made 

by the hydraulic dredge method to a depth where competent Vincentown Formation 

is exposed. 

 

The excavation is controlled so that the integrity of the bearing stratum is 

maintained.  Because of the high water table, a dewatering system is installed 

and operated to facilitate excavation.  The groundwater level is maintained 

below the water level in the excavation pool at all times so there is never an 

upward flow of groundwater within the excavated area. 

 

Groundwater levels and dewatering discharge are monitored periodically to 

ensure proper functioning of the dewatering system. 

 

Upon completion of the excavation, the excavated area is dewatered, and final 

cleanup is performed.  Adequate protection of the foundation stratum from frost 

and construction equipment is provided by engineered backfill and/or lean 

concrete cover. 

 

To reach the base mat construction level, engineered backfill, as required, is 

placed on the Vincentown Formation.  Material descriptions and the placing 

requirements for engineered backfill are given in Section 3.8.6. 

 

Requirements for decommissioning the dewatering system are shown in Table 3.8-

14.  The dewatering system is decommissioned, since sufficient dead load is 

provided to protect the structure under construction from the effects of 

overturning, sliding, or flotation. 
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3.8.5.6.2.2  SSWS Intake Structure 

 

The SSWS intake structure is constructed by installing a steel sheet cofferdam 

around the perimeter of the required structural excavation.  The soil within 

the cofferdam is excavated underwater to predetermined elevations and line. 

Upon completion, the excavation is inspected by a diver trained in geology. 

Finally, a tremie concrete plug is placed in the cofferdam up to the bottom 

levels of the structural base mat.  Following the placement and curing of the 

tremie concrete, the cofferdam is dewatered and the superstructure is 

constructed. 

 

3.8.5.7  Testing and Inservice Inspection Requirements 

 

Foundation testing and inservice inspection involves monitoring the structures 

to detect any settlement that might occur. 

 

During construction, the base mats are checked periodically for any settlement. 

 They are also checked for settlement when significant loads are added to the 

mats.  Actual settlement readings must compare reasonably with predicted 

values. 

 

Settlement is monitored periodically during operation of the plant unless 

settlement is stabilized prior to startup. 

 

3.8.6  Materials of Construction 

 

This section discusses the materials of construction, workmanship, and quality 

control used to construct the Seismic Category I structures of HCGS. 

 

3.8.6.1  Engineered Backfill 

 

The engineered backfill is installed adjacent to and underneath Seismic 

Category I structures.  These backfill areas and related cross sections are 

shown on Figure 3.8-44.  The engineered backfill 
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also supports the Seismic Category I service water pipes above the Kirkwood 

Formation, located outside the main excavation area. 

 

3.8.6.1.1  Material Selection 

 

The material used for engineered backfill consists of pit run sand, silty sand, 

sandy gravel, or gravelly sand with not more than 20 percent by weight passing 

the No. 200 U.S. standard sieve size.  The particles of the backfill material 

consist of sound, dense, and durable material. 

 

The sources of backfill material are the Oldman's Pit and Hitchner Borrow. 

Representative samples of the material from each source are tested prior to 

use, to determine both static and dynamic properties.  The results of testing 

are reported in: 

 

 1. Dames and Moore Report - Additional Site Stability Evaluation, 

Hope Creek Generating Station, Appendix IV-B, Evaluation of 

Structural Backfill - Oldman's Borrow Source, December 1976. 

 

 2. Dames and Moore Report - Liquefaction Potential Analysis for 

Backfill, Power Block Area, Hope Creek Generating Station, April 

1977. 

 

 3. Supplementary Borrow Area Investigation for Structural Backfill, 

October 1980. 

 

A program of testing and inspection is carried out prior to and during 

placement to confirm that backfill material is in conformance with the approved 

borrow material and placement requirements. 

 

3.8.6.1.2  Installation and Compaction 

 

The engineered backfill is spread in uniform lifts not exceeding 8 inches in 

loose thickness and compacted to an average of 
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98 percent and a minimum of 95 percent of the maximum dry density, as 

determined by ASTM D 1557, Method D. 

 

Test embankments are constructed and tested for use in establishing final 

placing, compaction procedures, and techniques for the backfill operation.  A 

new test embankment is constructed for each new type of equipment and/or 

different source of borrow material. 

 

The test embankment is used to establish the lift thickness, moisture 

conditioning procedure, and the number of passes for each type of compaction 

equipment required to achieve the specified degree of compaction.  The type of 

equipment used for the backfill is the same type used in the test embankment. 

 

In areas where field density test results are less than the required degree of 

compaction, the backfill is replaced and/or recompacted to attain the required 

degree of compaction.  Similarly, any areas that are previously accepted and 

later become disturbed or loosened, are replaced and/or recompacted to the 

required degree of compaction. 

 

The excavated subgrade is thoroughly proof rolled prior to the installation of 

the initial backfill lift to recompact any areas of its surface that have 

become disturbed during construction operations.  Successive lifts of backfill 

are not installed upon frozen subgrade or backfill soils.  Any such frozen 

material is removed and suitably thawed or broken up before it is considered 

for reuse. 

 

The moisture content of the backfill is adjusted as required to facilitate 

compaction.  All backfill areas are appropriately graded during installation to 

facilitate surface drainage and to prevent any local ponding. 
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3.8.6.1.3  Testing of Backfill Material 

 

3.8.6.1.3.1  Field Density Tests 

 

The degree of compaction attained during backfill operations is verified by 

performing field density tests in accordance with ASTM D 1556 and/or 

ASTM D 2922. 

 

If nuclear methods are employed for the above test procedures, the ratio of 

density tests performed in accordance with ASTM D 2922 procedures to 

ASTM D 1556 procedures is a maximum of three to one. 

 

For self-propelled vibratory compactors, the minimum number of tests is one for 

every 250 cubic yards of backfill placed, or one test per lift covering 

10,000 square feet of surface area, or one test for every day of compaction 

operation, whichever is more frequent. 

 

For hand compactors, the minimum number of tests is one for each day of 

backfill placement, or 50 cubic yards in-place, whichever is more frequent. 

 

3.8.6.1.3.2  Laboratory Tests 

 

A minimum of one Proctor test in accordance with ASTM D 1557, Method D, is 

performed for every 1000 cubic yards of backfill placed.  Material for this 

test is obtained from the field density test performed to ASTM D 1556. 

 

3.8.6.1.3.3  Gradation Tests 

 

Gradation tests for the backfill material are performed in accordance with 

ASTM D 422, with the exception of the hydrometer test (Paragraph 9, ASTM D 422 

and ASTM D 1140) at the minimum rate of one test for every 1000 cubic yards, or 

one test per day during backfilling operations, whichever is more frequent. 
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3.8.6.2  Concrete and Concrete Materials 

 

The codes, standards, and recommendations used for construction are listed in 

Table 3.8-15.  Some of these documents are modified to suit the particular 

conditions of design and construction associated with nuclear power plants 

without compromising structural adequacy.  The extent of application and the 

principal exceptions are indicated herein. 

 

3.8.6.2.1  ACI 301 

 

ACI 301 is modified as follows: 

 

 1. Section 8.3.4 - ACI 309 is used in lieu of Section 8.3.4. 

 

 2. Section 8.4.3 - ACI 305 and ACI 306 are used in lieu of 

Section 8.4.3. 

 

 3. Section 12.2.1 is revised to state: 

 

  "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 for a localized area may be interrupted as necessary, for 

a period not to exceed 8 hours provided that requirements for 

weather protection are maintained.  Such curing process may be 

interrupted provided that the local surface area has received a 

minimum of 48 hours of continuous curing prior to the 

interruption." 

 

 4. Section 12.2.3 is revised to state: 

 

  "Curing in accordance with Section 12.2.1 or 12.2.2 shall be 

continued 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 
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 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
.  The required period of initial curing 

need not be greater than the lesser of the two periods.  If one 

of the curing procedures of Sections 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 1 day old, 

provided the concrete is not permitted to become surface dry 

during the transition.  Curing during periods of cold weather 

shall be in accordance with Section 12.3.1." 

 

 5. Section 12.3.1 is replaced with: 

 

  "Initial curing and protection measures for the concrete during 

periods of cold weather shall be in accordance with the 

recommendations of ACI 306." 

 

 6. Section 14.4.1 is replaced with: 

 

  "The slump of the concrete as placed shall be 3 inches or less, 

unless indicated otherwise, except that a tolerance of up to 

2 inches above this maximum shall be allowed for occasional 

batches, provided that the concrete supplier is notified to 

reduce the slump.  Failure to comply shall be cause for rejection 

of the concrete.  Concrete of lower than usual slump may be used 

provided that it is properly placed and consolidated." 

 

 7. Section 14.4.3 The first sentence is revised to state: 

 

  "Concrete shall be placed in layers approximately 24 inches 

thick." 
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 8. Section 14.5.1 is revised to state: 

 

  "The minimum curing period shall be 14 days after the concrete 

has been placed, when the mean daily air temperature is 50F or 

more.  During cold weather, the curing period shall be 7 days." 

 

 9. Section 14.5.4 is replaced with: 

 

  "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." 

 

3.8.6.2.2  ACI 318 

 

ACI 318 is modified as follows: 

 

 1. Section 3.5.1(a) is revised as follows: 

 

  "Specification for Deformed Billet-Steel Bars for Concrete 

Reinforcement" (ASTM A 615).  No. 14 and No. 18 bars shall be 

subject to the bend test of supplementary requirement, S1 of 

ASTM A 615.  Full section bars shall be bent 90 degrees, at a 

minimum temperature of 60F, around an eight-bar-diameter pin 

without cracking transverse to the axis of the bar." 

 

 2. Section 5.4.4 is revised as follows: 

 

  "Starter mixes, defined as concrete with 3/4-inch maximum size 

aggregate and a slump of 6 to 8 inches, shall be used as an 

alternative to mortar." 
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 3. Section 5.5 is modified by the addition of a new section: 

 

  "5.5.3.  The curing requirements described in Sections 5.5.1 and 

5.5.2 may be interrupted, as necessary, for a period not to 

exceed 8 hours, provided that requirements for weather protection 

are maintained.  Such curing may be interrupted, provided the 

local surface has received a minimum of 48 hours of continuous 

curing prior to the interruption." 

 

 4. Section 6.3.2.4 is replaced with: 

 

  "Embedded piping joints, temporary or permanent, except as noted 

in Section 6.3.2.5, shall be leak tested prior to the placement 

of concrete.  Leak-testing shall be in accordance with the 

requirements of the code governing that piping system e.g., ASME 

Boiler and Pressure Vessel Code, ANSI B31.1, state or local 

plumbing codes, etc. 

 

 5. Section 6.3.2.5 is replaced with: 

 

  "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. Section 6.4.1 is replaced with: 

 

  "Joints not indicated on the plans shall be made and located so 

as not to significantly impair the strength of the structure. 

Where a joint is to be made, the surface of the concrete shall be 

thoroughly cleaned and all laitance and standing water removed. 

Vertical construction joints shall be cleaned and roughened by 

waterblasting, sandblasting, or bush hammering after the concrete 

reaches its final set.  Prior to receiving additional concrete, 

vertical construction joints shall be wetted." 
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 7. Section 7.3.2 and related sections are replaced with: 

 

  "7.3.2  Tolerances - Reinforcement shall be placed within the 

following tolerances: 

 

  7.3.2.1  For clear concrete protection from the surface of the 

reinforcement to the concrete surface in flexural members, walls, 

and compression members where member thickness is: 

 

       Reduction in  Increase in 

  Member Thickness  Nominal Cover  Nominal Cover 

 

  Less than 12 inches  3/8 inch   3/8 inch 

 

  12 inches or more  1 inch   1 inch 

 

  Base mat (nominal  1 inch   1-1/2 inch 

  14-feet thick) 

 

  7.3.2.2  For longitudinal location of bends and ends of bars: 

~3 inches, provided that specified nominal cover at the ends of 

members shall not be reduced by more than 1/2 inch." 

 

 8. Section 7.4.1 is replaced with: 

 

  "Bar spacing: ~4 bar diameters for No. 8 bars and less, ~2 bar 

diameters for other bar sizes, except that the minimum clear 

distance between parallel bars in a layer shall be not less than 

the nominal diameter of the bar, nor less than 1 inch.  Where 

parallel reinforcement is placed in two or more layers, the bars 

in the upper layer shall be placed directly above those in the 

bottom layer, with the clear distance between the bars not less 

than 1 inch, unless specifically shown otherwise on the design 

drawings.  The total number of bars shall be maintained." 
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3.8.6.2.3  Cement 

 

Cement is Type II, Portland cement conforming to ASTM C 150.  Certified copies 

of material test reports showing chemical composition of the cement and 

verification that the cement complies with requirements are furnished by the 

manufacturer for each load of cement delivered. 

 

For every 6000 bbl of cement delivered, or for each silo of cement certified at 

the mill, confirmatory tests consisting of complete chemical and physical 

analyses are performed by the concrete supplier. 

 

3.8.6.2.4  Normal Density Aggregates 

 

Fine and coarse aggregates conform to ASTM C 33.  Aggregate source 

acceptability is based on the following test requirements: 

 

 Method of Test        Designation 

 

 Organic impurities in sands     ASTM C 40 

 

 Effect of organic impurities in fine aggregate ASTM C 87 

 on strength of mortar 

 

 Soundness of aggregates      ASTM C 88 

 

 Materials finer than No.  200 sieve    ASTM C 117 

 

 Specific gravity and absorption of coarse  ASTM C 127 

 aggregate 

 

 Specific gravity and absorption of fine   ASTM C 128 

 aggregate 

 

 L.A.  abrasion        ASTM C 131 
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 Method of Test        Designation 

 

 Sieve or screen analysis of fine and coarse  ASTM C 136 

 aggregates 

 

 Clay lumps and friable particles    ASTM C 142 

 

 Potential reactivity of aggregates    ASTM C 289 

 

 Petrographic examination      ASTM C 295 

 

Coarse aggregate grading is for size numbers 2, 4, 8, and 67, as defined in 

ASTM C 33, and the quantity of flat and elongated particles is limited to 15 

percent by weight in any nominal size group. 

 

Coarse aggregate loss from the L.A. abrasion test (ASTM C 131) using Grading A 

is limited to 40 percent by weight at 500 revolutions. 

 

3.8.6.2.5  High Density Aggregates 

 

The requirements for high density aggregates are the same as for normal density 

aggregates, except as noted below. 

 

Fine and coarse aggregates conform to ASTM C 637, except that grading is as 

follows: 

 

   3/8-Inch Maximum Size Aggregate 

 

 Sieve Size 

 U.S.  Std. 

 Square Mesh     Percentage Passing 

 

 3/8 inch        100 

 No.  4       75-95 

 No.  8       55-85 

 No.  16       30-60 
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 Sieve Size 

 U.S.  Std. 

 Square Mesh     Percentage Passing 

 

 No.  30       15-45 

 No.  50       10-30 

 No.  100        5-15 

 

The fineness modulus is not less than 3.0, nor more than 3.8. 

 

   3/4-Inch Maximum Size Aggregate 

 

 Sieve Size                Percentage Passing           

 U.S.  Std.   Fine Aggregate,   Coarse Aggregate, 

 Square Mesh       Sand                3/4 inch      

 

 1 inch      -      100 

 3/4 inch      -     90-100 

 3/8 inch     100     20-55 

 No.  4    95-100     2-15 

 No.  8    75-100     0-8 

 No.  16    50-85       - 

 No.  30    25-60       - 

 No.  50    10-30       - 

 No.  100     5-15       - 

 

The fineness modulus of the fine aggregate is not less than 2.4 nor more than 

2.9. 

 

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 C 117 and specific gravity requirements when 

tested per ASTM C 127 and C 128. 
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3.8.6.2.6  Pozzolan 

 

Pozzolan, when used, conforms to ASTM C 618 for Class F, except that the 

maximum loss on ignition is 6 percent.  Prior to use, a minimum of one sample 

is taken and tested for physical and chemical properties listed in ASTM C 311, 

except for pozzolanic activity with lime, tests for air entrainment, and for 

alkalies. 

 

3.8.6.2.7  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.  Such water and 

ice do not contain impurities that would cause either a change in the setting 

time of Portland cement of more than 25 percent, as determined in accordance 

with ASTM C 266, or a reduction in compressive strength of mortar of more than 

10 percent, compared with results obtained with distilled water.  The water and 

ice do not contain more than 250 ppm of chlorides as Cl, or more than 1000 ppm 

of sulphates as SO
4
.  The pH range is between 5.0 and 9.75. 

 

3.8.6.2.8  Admixtures 

 

Air entraining admixtures, when used, conform to ASTM C 260.  Water reducing 

and retarding admixtures, when used, conform to ASTM C 494 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. 
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3.8.6.2.9  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 C 39 

 

 Unit weight    ASTM C 138 

 

 Slump     ASTM C 143 

 

 Air content    ASTM C 231 

 

The following additional properties of selected mix designs are determined to 

ascertain material compatibility with design assumptions: 

 

 Property     Test Designation 

 

 Modulus of elasticity  ASTM C 469 

 

 Modulus of rupture   ASTM C 78 

 

 Heat content: 

   Heat of hydration   ASTM C 186 

   Specific heat (heat 

        capacity) 

 

 Density     ASTM C 138 
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3.8.6.2.10  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.  Two 

cylinders are tested for each mix design and age as follows: 

 

  Pozzolan Mix   Nonpozzolan Mix 

 

   7 days      7 days 

  28 days     28 days 

  90 days 

 

Concrete mixes for limited use, such as in radiation-sensitive facilities and 

high density concrete, do not contain pozzolan.  All other concrete mixes have 

approximately 15 to 30 percent pozzolan by weight as cement replacement. 

Concrete mixes, except limited application use, such as high density concrete, 

are based on 3 to 6% air entrainment for both 3/4 and 1-1/2 inch nominal 

maximum size aggregate mixes.  These measures provide a concrete with 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 

 

 

 

 
 
 
 
 
 
 
 3.8-80 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



"working limit." Jobsite tests have indicated that concrete with slumps at the 

inadvertency margin will produce acceptable quality concrete. 

 

3.8.6.2.11  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 C 109. 

 

3.8.6.2.12  Starter Mix 

 

Starter mixes are used in such applications as at the bottom of foundation 

slabs or in lieu of construction grout and are proportioned from the same 

materials as for concrete.  These mixes are generally proportioned for "working 

limit" slump 3 inches greater than the associated concrete mix. Trial mixes are 

prepared and tested for strength as described for general concrete mixes. 

 

3.8.6.2.13  Nonshrink Grout 

 

Nonshrink grout is prepared from proprietary materials.  The grout is 

proportioned in accordance with the manufacturer's recommendations and is 

tested for expansion, compressive strength, and flow characteristics with 

maximum water content recommended by the manufacturer, prior to use. 

 

3.8.6.2.14  Storage and Handling 

 

Storage and handling of aggregates, cement, pozzolan, and admixtures is in 

accordance with the recommendations of ACI 301, Chapters 2, 3, 7, and 14, and 

ACI 304, Chapters 1, 2, 3, 4, and 6.  Additionally, storage of cement and 

admixtures is in accordance with ANSI N45.2.2, Section 6.2. 
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3.8.6.2.15  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 of all concrete 

conform to ASTM C 94, except as otherwise noted. 

 

3.8.6.2.16  Conveying and Placing 

 

Conveying and placing of concrete is in accordance with the recommendations of 

ACI 301, Chapters 6 and 8 through 15, and ACI 304, Chapters 5 and 6. 

 

3.8.6.2.17  Consolidation 

 

Consolidation of concrete is in accordance with the recommendations of ACI 309. 

 

3.8.6.2.18  Curing 

 

Curing of concrete is in accordance with the recommendations of ACI 301, as 

modified herein. 

 

3.8.6.2.19  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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3.8.6.2.20  Concrete and Concrete Materials-Construction Testing 

 

An independent concrete and concrete materials testing laboratory is 

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 ANSI N45.2.6. 

Procedures and tests for accomplishing such work are reviewed and accepted by 

Bechtel prior to use. 

 

Production testing for concrete and concrete materials is as shown in 

Table 3.8-16. 

 

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 remaining concrete is not used in the construction. 

 

Concrete cylinder test results are reviewed for compliance with Section 4.3.3 

of ACI 318 and are evaluated in accordance with ACI 214. 

 

3.8.6.2.21  Formwork and Construction Joints 

 

Formwork is designed and constructed so that the final structure conforms 

within the specified tolerances to the shape, lines, and dimensions required by 

the design drawings.  The design includes consideration of the following: 

 

 1. Rate and method of placing concrete 

 

 2. Density of concrete 
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 3. Construction loads, including vertical, horizontal, and impact 

loads. 

 

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 are then 

covered with grout or a layer of starter mix which is approximately 4 to 

6 inches deep. 

 

3.8.6.3  Reinforcing Steel 

 

3.8.6.3.1  Material 

 

Reinforcing steel for concrete structures conforms to ASTM A 615, Grade 60, 

including Supplementary Requirements S-1 for bar sizes 14 and 18.  Certified 

copies of material test reports indicating chemical composition, physical 

properties, and dimensional compliance for each heat are furnished by the 

manufacturer. 

 

Each bundle of reinforcing steel is tagged to ensure 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. 

 

Prior to installation, all reinforcing steel is subjected to a test program 

meeting the requirements of Regulatory Guide 1.15.  Reinforcing steel that does 

not meet these requirements is not used. 

 

3.8.6.3.2  Fabrication 

 

Hooks and bends are fabricated in accordance with ACI 318, Chapter 7.1. Bending 

of partially embedded bars is subject to the following conditions: 
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The minimum distance from concrete surface to the beginning of bend and the 

minimum inside diameter of bend is: 

 

    Minimum Distance 

    from Surface to  Minimum Inside 

Bar Size        Beginning of Bend Bend Diameter  

 

No.  3 through No.  8 3 bar diameters   6 bar diameters 

 

No.  9, No.  10,      4 bar diameters   8 bar diameters 

No. 11 

 

No.  14, No.  18  5 bar diameters  10 bar diameters 

 

Bar sizes No. 3, 4, and 5 may be bent cold once.  Heating is required for 

subsequent straightening or bending.  Bar sizes No. 6 through 9 may be bent and 

straightened, provided that heating is used.  These bars may be bent over and 

straightened once cold when the bend does not exceed 30 degrees. 

 

Heat is applied uniformly over a length of bar equal to 10 bar diameters, 

centered at the middle of the arc of the completed bend.  The maximum bar 

temperature is maintained between 1100 and 1200F until bending is completed. 

 

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 cooling 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. 

 

Bar sizes No. 10 and larger are bent only if approved by the responsible field 

engineer.  Heating is required except when bending of bars does not exceed an 

offset of 1:6 where required to put bars 
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in proper position.  When only cold bend is applied, the distance between the 

beginning of the bend and the existing concrete may be decreased to a minimum 

of 0.5 bar diameter. 

 

3.8.6.3.3  Splices 

 

Lapped splices, used for No. 11 and smaller bars, are in accordance with 

Sections 7.5, 7.6, and 7.7 of ACI 318. 

 

Mechanical (Cadweld) splices are used for all No. 14 and No. 18 splices. These 

bars are located in the basemat and fuel pool's walls and slab.  Cadweld 

splices are also used locally on other bar sizes in lieu of standard hooks and 

to minimize rebar congestion at plate anchorages and construction openings. To 

obtain effective quality control, a qualification, inspection, testing, and 

acceptance program in accordance with NRC Regulatory Guide 1.10 is used (See 

Section 1.8.1.10).  Welding of splice sleeves to liners, plates, and shapes is 

in accordance with AWS D1.1. 

 

Welded splices have not been used. 

 

The requirements of Regulatory Guide 1.136, Revision 2, are not implemented in 

the design, since significant concrete work using cadwelds was completed prior 

to issuance of this guide.  As a result both sister and production splicing 

have been used for testing of cadweld splices.  Where sufficient bar length 

exists future cadwelding will be in accordance with Regulatory Guide 1.136, 

Revision 2. 

 

3.8.6.3.4  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 design requirements. 
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3.8.6.3.5  Spacing of Reinforcement 

 

Spacing of reinforcement is in accordance with Sections 3.3.2 and 7.4 of 

ACI 318, except as modified herein. 

 

3.8.6.3.6  Surface Conditions of Reinforcement 

 

Surface conditions of reinforcement at the time of concrete placement are in 

compliance with Section 7.2 of ACI 318. 

 

3.8.6.3.7  Reinforcement Placing Tolerance 

 

The section strength for reinforced concrete is based on the strength design 

method of ACI 318 and on the reduced effective depth (d) resulting from 

specified rebar placing tolerances in excess of those specified in ACI 318, 

Section 7.3.2.1.  The effective depth is reduced by an additional 1/2 inch for 

all members greater than 12 inches but not greater than 24 inches and by an 

additional 1 inch for all members greater than 24 inches.  The cover used in 

calculating the effective depth is the "nominal cover" as set forth in 

Table 3.8-17. 

 

The above design considerations allow the reinforcement placing tolerances, as 

defined in Section 3.8.6.2.2. 

 

3.8.6.4  Structural Steel 

 

3.8.6.4.1  Materials 

 

The various structural steel components conform to the following ASTM 

specifications: 

 

  Item     ASTM Specification 

 

Beams, girders, and plates   A 36 or A 441 

 

Structural tubing     A 500 
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 Item      ASTM Specification 

 

Anchor bolts      A 36 or A 307 

 

High strength bolts    A 325 or A 490 

 

3.8.6.4.2  Fabrication and Erection 

 

The fabrication and erection of structural steel conforms to the AISC 

specifications. 

 

3.8.6.4.3  Welding and Nondestructive Testing 

 

Welding and nondestructive testing is performed in accordance with either 

AWS D1.1 or Section IX of the ASME B&PV Code, as shown in Table 3.8-15. 
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3.11  ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL EQUIPMENT 

 

Engineered Safety Feature (ESF) Systems, including the Reactor Protection 

System (RPS), are provided with safety-related equipment, which is installed in 

accordance with mechanical and electrical separation requirements, and designed 

to function properly in the following service environments: 

 

 1. For all normal and abnormal environmental design conditions, 

including the maximum and minimum limits for temperature, pressure, 

relative humidity, and radiation (gamma, beta, and neutron). 

 

  Normal environmental conditions are defined as those conditions 

existing during routine plant operations, including startup, 

shutdown, refueling, and maintenance operations. 

 

  Abnormal conditions are defined as those that can be experienced at 

different times during the operating lifetime of the plant. These 

abnormal conditions are anticipated operational occurrences, such 

as loss of offsite power (LOP), and should not be interpreted to be 

accident conditions. 

 

 2. In addition to the normal and abnormal operation environmental 

design bases stated above, the safety-related ESF equipment is 

designed to perform its safety function during exposure to the 

applicable design basis event (DBE) environment present in its 

operational area and remain in a safe mode after its safety 

function is performed. 

 

  The DBE conditions are those that would exist as a result of an 

accident. 
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Environmental design criteria for the design of mechanical and electrical 

components of the ESF systems conform to 10CFR50, Appendix A, GDC 1, Quality 

Standards and Records; GDC 2, Design Bases for Protection Against Natural 

Phenomena; GDC 4, Environmental and Missile Design Bases; GDC 23, Protection 

Systems Failure Modes; GDC 50, Containment Design Basis; 10CFR50, Appendix B, 

Section XI, XVII; and 10CFR50.49. 

 

3.11.1  Equipment Identification and Environmental Conditions 

 

3.11.1.1  Nuclear Steam Supply System (NSSS) Class 1E Equipment Identification 

 

3.11.1.1.1  NSSS Class 1E Equipment 

 

NSSS safety-related systems and equipment requiring qualification is qualified 

to perform its design safety functions in normal, abnormal, accident, and post-

accident environments, as applicable.  SAP database identifies NSSS Class IE 

equipment requiring qualification. 

 

3.11.1.1.2  NSSS Class 1E Equipment Environments 

 

The Hope Creek Environmental Design Criteria (EDC), Document no. D7.5 

(Ref. 3.11-5) provides the environmental conditions by plant zones during 

normal, abnormal, accident, and post-accident conditions.  Information 

concerning the temperature, pressure, relative humidity, and radiation is 

provided. Tables 1,2,3,5 and 6 cover all locations which contain Class 1E NSSS 

equipment.  

 

 

3.11.1.2  Non-NSSS Class 1E Equipment 

 

Qualification of the ESF components to the applicable environmental conditions 

is provided to fulfill the following design criteria: 
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 1. For normal and abnormal plant operations, ESF components required 

to prevent, limit, or mitigate the consequences of a DBE and affect 

a safe shutdown will be qualified to remain functional during 

exposure to the combined following environmental conditions: 

 

  Enveloping values of the radiation, temperatures, pressures, and 

relative humidities at the component location during normal and 

abnormal operation are given in Tables 1,2,3,5 and 6 of EDC D7.5. 

 

 2. In addition to the above, ESF components required to mitigate the 

consequences of a DBE and affect a safe shutdown are designed to 

accomplish their design safety function during exposure to the 

applicable accident environmental conditions.  The enveloping 

environmental conditions are those anticipated to follow a DBE and 

are listed below: 

 

  a. The enveloping conditions that components inside primary 

containment may be exposed to following a DBE are provided in 

the tables and figures contained in EDC D7.5.  The DBE-TID 

inside primary containment is calculated using AST as 

described in RG 1.183, Appendix I.  The TID is calculated for 

a period of 100 days, at which time the dose has essentially 

saturated.  The service conditions are established in 

accordance with NUREG-0588. 

 

  b. The enveloping conditions that components may be exposed to 

outside primary containment, but inside the Reactor Building, 

following a DBE are provided in the tables and figures 

contained in EDC D7.5. The DBE-TID outside primary 

containment is calculated for contributions from two sources. 

The first assumes that 50 percent of the 
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core halogen inventory and 1 percent of the core solid 

fission product inventory are contained in the Emergency Core 

Cooling System (ECCS) water after an accident.  The second 

source is from the airborne cloud that has leaked from the 

primary containment. The TID is calculated for a period of 

180 days, at which time it has essentially saturated.  The 

service conditions are established in accordance with NUREG-

0588.  These values are considered bounding and are not 

analyzed for AST. 

 

  c. The enveloping conditions that components outside the Reactor 

Building may be exposed to are shown in the table and figures 

contained in EDC D7.5. Environmental conditions will not vary 

significantly from those experienced during normal or 

abnormal plant operations. 

 

   Radiation exposures to components will be minor and will be 

due to two sources: radiation shine, and immersion in 

airborne radioactivity released in a controlled manner from 

the Reactor Building.  The TID from both sources will be less 

than 100 rads for 180 days. 

 

SAP database identifies non-NSSS Class IE equipment requiring qualification. 

 

3.11.1.3  Excluded Systems - NSSS and Non-NSSS 

 

Systems containing active or passive mechanical equipment, non-1E systems, or 

systems located in mild environment that are designated as Seismic Category I 

in Table 3.2-1 are excluded from the HCGS Environmental Qualification Program. 
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3.11.1.4  Environmental Conditions - NSSS and Non-NSSS 

 

The environmental conditions shown in the tables and the associated figures of 

EDC D7.5 may change from time to time because of evaluations that may be 

performed on a case by case basis for specific plant operating conditions.  The 

maximum outdoor design ambient temperature at which these compartment 

temperatures can be maintained is 94FDB/78FWB.  This outside air temperature 

is the same for each HVAC system. 

 

The environmental conditions that components may be exposed to in areas outside 

primary containment, but inside the Reactor Building, are not capable of 

becoming harsh until after initial criticality is achieved. 

 

3.11.2  Qualification Tests and Analyses 

 

3.11.2.1 NSSS Safety-Related Class 1E Electrical Equipment Harsh Environment 

Qualification 

 

Components of the Nuclear Steam Supply System (NSSS) Class 1E electrical 

equipment are qualified in accordance with the environmental qualification 

criteria and guidelines specified as Category II in NUREG-0588, "Interim Staff 

Position on Environmental Qualification of Safety-Related Electrical 

Equipment," dated December 1979 (for comment), and IEEE-323-1971, "IEEE 

Standard for Qualifying Class 1E Equipment for Nuclear Power Generating 

Stations."  However, the HCGS environmental qualification program has upgraded 

qualification of equipment to the requirements of NUREG-0588, Category I and 

IEEE-323-1974. 

 

Components of the NSSS Class 1E electrical equipment in a harsh environment are 

qualified by test, or a combination of testing and analysis.  Those components 

used in more than one system, which can be or are located in different plant 

areas, are qualified for the worst environmental conditions in which they are 

required to  
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function.  Design limits for critical parameters for different applications are 

considered in the test procedures.  Licensing Topical Report (NEDE-24326-1-P) 

presents information on a portion of the upgrade effort. 

 

The identification, location, and conditions to which NSSS supplied Class 1E 

equipment is required to function are shown in a separate environmental 

qualification report. 

 

See References 3.11-2 and 3.11-3 for additional information regarding equipment 

qualification compliance. 

 

3.11.2.2  Regulatory Guides and General Design Criteria - NSSS Equipment 

 

All components of safety-related NSSS equipment are tested or analyzed to meet 

the requirements of 10CFR50, Appendix A, GDC 1, 2, 4, 23, and 50. 

 

3.11.2.2.1  Criterion 1 - Quality Standards and Records 

 

Satisfaction of criterion 1 is achieved by reviews to ensure that tests or 

analyses conform to the design, procurement, fabrication, quality assurance, 

and environmental qualification documentation.  Refer to Chapter 17 for further 

definition of the quality assurance program. 

 

3.11.2.2.2  Criterion 4 - Environmental and Missile Design Bases 

 

The environmental requirements of criterion 4 are addressed in this section, 

and considerations relating to missiles are addressed in Section 3.5. 
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3.11.2.2.3  Criterion 23 - Protection System Failure Modes 

 

Compliance with criterion 23 is addressed in Section 7. 

 

3.11.2.2.4  Criterion 50 - Containment Design Bases 

 

Compliance with criterion 50 is discussed in Section 6. 

 

3.11.2.2.5 Regulatory Guide 1.30, Quality Assurance Requirements for 

Instrumentation and Electrical Equipment 

 

Although Regulatory Guide 1.30 is not part of the NSSS design basis, the extent 

of conformance is provided in Section 7. 

 

3.11.2.2.6 Regulatory Guide 1.40, Qualification Tests of Continuous Duty 

Motors Installed Inside the Containment of Water Cooled Nuclear 

Power Plants 

 

Regulatory Guide 1.40 is not applicable to the HCGS because there are no NSSS 

supplied continuous duty, safety-related motors inside the primary containment. 

 

3.11.2.2.7 Regulatory Guide 1.73 - Qualification Tests of Electrical Valve 

Operators Installed Inside the Containment of Nuclear Power Plants 

 

Regulatory Guide 1.73 is not applicable to HCGS because there are no NSSS 

supplied electric motor operated valves inside the primary containment. 

 

3.11.2.2.8 Regulatory Guide 1.89 - Qualification of Class 1E Equipment for 

Nuclear Power Plants 

 

Hope Creek Generating Station will attempt to comply on a case by case basis. 

 

 

 
 
 
 
 3.11-7 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



3.11.2.3  Non-NSSS Class 1E Electrical Equipment Harsh Environment 

Qualification 

 

Harsh environment qualification of Class 1E equipment is accomplished by test 

or analysis (where analysis is supported by test data or otherwise justifiable) 

for the applicable environmental conditions postulated to exist at the 

equipment location.  These components are qualified to the requirements of 

IEEE-323-1974 and NUREG-0588, Category I. 

 

The identification, location, and conditions to which non-NSSS supplied 1E 

equipment is required to function are shown in a separate environmental 

qualification report. 

 

3.11.2.4  Regulatory Guides and General Design Criteria - Non-NSSS Equipment 

 

The requirements of GDC 1, 2, 4, 23, and 50 of Appendix A to 10CFR50 are met, 

as discussed in Section 3.1.  The enveloping environmental conditions that the 

equipment may be exposed to are discussed in Section 3.11.1.  Conformance to 

the criteria of Appendix B to 10CFR50 is discussed in Section 17. 

 

Section 1.8 discusses the extent of compliance with Regulatory Guides 1.30, 

1.40, 1.63, 1.73, 1.89, and 1.131. 

 

3.11.2.5  NSSS and Non-NSSS Class 1E Equipment Located in a Mild Environment 

 

Mild environment equipment is that equipment which, during or after a design 

basis event (DBE), does not experience an environment that is significantly 

more severe than that existing during normal and abnormal events. Additionally, 

equipment that experiences the environment of a DBE can be treated as if it 

were  
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in a mild environment if the device falls into either of the following 

categories: 

 

 1. The equipment accomplishes its safety function prior to 

experiencing the environment of the DBE, and the equipment will not 

fail in a manner detrimental to plant safety. 

 

 2. The equipment is not needed to mitigate the DBE and the equipment 

will not fail in a manner detrimental to plant safety. 

 

The vendors of mild environment equipment have been requested to submit a 

certificate of compliance certifying that the equipment will perform its 

required safety function in its applicable environment. 

 

In addition, a surveillance and maintenance program will be developed to ensure 

equipment operability during its design life. 

 

3.11.2.6 Deleted 
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3.11.2.7 Qualification Methods for NSSS and Non-NSSS Safety-Related Electrical 

Equipment 

 

3.11.2.7.1  Margin 

 

IEEE-323 and NUREG-0588, Rev. 1, Paragraph 3.(4) are used as a basis for 

determining margin.  The equipment technical specification for safety-related 

electrical equipment required to be environmentally qualified include 

conservative environmental conditions which were derived using environmental 

parameters which contain conservatisms applied during the derivation of local 

environmental conditions.  The equipment vendor determines what margin must be 

added to allow for variations in production processes, for inaccuracies in the 

test equipment and for errors associated with defining satisfactory 

performance. 
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The qualification documentation for safety-related equipment will include 

documented provision that adequate margin has been applied.  Methods of 

allowing for margin will be included, such as the following: 

 

 1. Increasing the levels of testing 

 

 2. Increasing the number of test cycles 

 

 3. Increasing test duration 

 

 4. Increasing the number of stress reversals in analysis 

 

 5. Increasing or decreasing (e.g., line voltage) service conditions to 

provide more severe conditions. 

 

3.11.2.7.2  Aging 

 

IEEE-323 is used as a basis for establishing an aging program.  Safety-related 

electrical equipment that must meet aging requirements is subjected to an aging 

program designed to place the equipment in its end of qualified life condition 

before performing the functional tests under the DBE and post-DBE environments. 

 The significant aging mechanisms expected to be present during actual service 

are identified.  Age-related degradation resulting from exposure to elevated 

temperature, radiation and cyclical mechanical and electrical stresses under 

specified normal, abnormal (excluding DBE) and test conditions anticipated 

during the installed life of the equipment, are considered.  If it is 

demonstrated that no age related failure mechanisms exist that can impair the 

product's ability to perform its safety function throughout its installed life, 

the equipment to be tested can be considered exempt from age conditioning. 

 

The Arrhenius methodology is considered an acceptable method of addressing 

accelerated thermal aging.  Other aging may be considered appropriate if 

justified for the application. 
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The need for aging of a particular piece of equipment is determined based on an 

evaluation of the specific design and application. 

 

3.11.2.7.3  Dose Rate 

 

NUREG-0588 and AST are used as a basis for establishing radiation exposure.  

Safety-related electrical equipment that may be exposed to radiation is 

irradiated to simulate the effects of this exposure.  The subject equipment is 

exposed to radiation levels anticipated during the design life of the 

equipment, including the DBE condition and radiation from recirculating fluids. 

The radiation dose inside the Reactor Building is not reanalyzed using AST 

since these values are conservative. 

 

The exposure rate and source(s) is selected to produce degradation 

representative of the anticipated service.  The radiation specified for normal, 

abnormal, DBE and post-DBE exposure may be combined in one test.  The Tables in 

EDC D7.5 list the dose rates for normal, abnormal and DBE conditions for 

equipment and areas. 

 

3.11.2.7.4  Synergistic Effects 

 

NUREG-0588, Rev. 1, Paragraph 4(3), is used as a basis for determining 

synergistic effects.  The aging process accounts for the occurrences of known 

synergistic effects that may occur.  Any identified synergistic effects are 

accounted for in the qualification program.  The results of the evaluation and 

determination will be justified and documented. 

 

3.11.2.7.5  Use of Analysis for Qualification 

 

IEEE-323 is used as a guide for qualification of safety-related electrical 

equipment by analysis.  Analysis may be used to supplement type testing.  Such 

analysis performed for full environmental qualification or to supplement the 

testing is justified in qualification documentation.  When possible, partial  
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test data is used to support the analytical assumptions and conclusions.  The 

analytical techniques that may be used are similarity, extrapolation, and 

mathematical modeling. 

 

3.11.2.7.6  Maintenance/Surveillance Program 

 

A maintenance/surveillance program in compliance with 10CFR50.49 and Regulatory 

Guide 1.33 will be established for the HCGS. 

 

The maintenance/surveillance program for environmentally qualified electrical 

equipment will encompass equipment located in both harsh and mild environments. 

 To provide the necessary controls the following approach will be used: 

 

 1. Master Equipment List 

 

  A master equipment list for safety-related electrical equipment 

will be used as the basis.  Equipment located in a harsh 

environment will be identified and designated on this list.  This 

will result in the safety-related equipment list being divided into 

two categories: 

 

  a. Safety-related electrical equipment located in a harsh 

environment. 

 

  b. Safety-related electrical equipment located in a mild 

environment. 

 

 2. Components in a Harsh Environment 

 

  These components have been identified and fall into two categories: 

 

  a. Components with a qualified 40 year life which require no 

replacement parts or planned maintenance for their stated 

life.    
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  b. Components with a qualified life of 40 years subject to 

replacement of noted parts, or components requiring 

replacement in total in less than 40 years.  The EQ program 

will provide the information, on a real time basis, to notify 

the station maintenance/surveillance personnel as to both the 

required action and the date by which the action must be 

complete to meet the 40 year life criteria or total 

replacement criteria. 

 

 3. Components in a Mild Environment 

 

  These components will be compiled from a master equipment list for 

safety-related electrical equipment.  Component operability will be 

demonstrated via normal operating procedures, Technical 

Specification requirements, or specified maintenance/surveillance 

requirements, which result from the equipment qualification 

program. 
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3.11.3  Qualification Test Results 

 

Environmental qualification documentation for safety-related electrical 

equipment has been available for NRC audit. 

 

3.11.4  Loss of Ventilation 

 

The maximum indoor temperatures used for the sizing of air conditioning systems 

serving safety-related systems are determined by additive analysis of the 

following factors: 

 

 1. Outdoor design temperatures for the geographical location of the 

plant (both wet and dry bulb values). 

 

 2. Maximum piping thermal loads, if applicable, using maximum 

operating temperatures for the pipe contents and maximum footage of 

active pipe for each mode of operation. 

 

 3. Maximum electrical loads, assuming full lighting, and using, if 

applicable, the maximum panel and equipment resistance losses for 

each mode of operation. 

 

 4. Maximum heat release from operating equipment, if applicable (for 

example, the diesel generator, electric motors, heat exchangers, 

etc). 

 

 5. Maximum heat and humidity transfer from the surface of open pools 

and tanks, if applicable, using the maximum operating temperature 

of the contents for each mode of operation. 

 

 6. Maximum heat transfer through the space envelope, including walls, 

floor, and ceiling or roof (individual values may be negative). 
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 7. Maximum heat and humidity releases resulting from assumed values 

for fluid leakage rates, if applicable. 

 

Seismic Category I air conditioning and ventilation systems described in 

Section 9.4 are powered from the Class 1E electrical power supplies.  The 

environmental conditions to which safety-related equipment are qualified are 

described in Section 3.11.2. 

 

These Seismic Category I air conditioning and ventilation systems are so 

designed that the single failure of an active mechanical component, or an 

active or passive electrical component, after a design basis event (DBE), 

cannot impair the ability of other safety-related systems to fulfill their 

safety functions.  If a train in a Seismic Category I air conditioning system 

becomes inoperative redundant equipment is available to fulfill the safety 

function and mitigate the consequences of a DBE. 

 

Engineered safety feature (ESF) and Reactor Protection System (RPS) 

instrumentation that is not served by a Seismic Category I ventilation system 

is designed for continued operation in the event of failure of the normal 

ventilation system. 

 

Seismic Category I air conditioning trains provide cooling to areas containing 

safety-related equipment.  Nonsafety-related equipment rooms and corridors 

through which power and instrumentation cables are routed are not cooled by 

Seismic Category I air conditioning trains since, upon loss of ventilation, 

temperatures there will be lower than cable design requirements. 

 

Power cable insulation is designed for a conductor temperature of 194F (90C) 

based on an EQ service life of 40 years. The allowable current carrying 

capacity of the cable is based on not exceeding this conductor design 

temperature while the surrounding air during normal plant conditions is at a 

maximum  
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temperature of 150F (65.5C) inside the primary containment and the  Reactor 

Building and 104F  (40C) to 122F  (50C) for  the rest of the plant. 

 

Instrumentation cable is designed for a conductor temperature of 194F (90C) 

based on an EQ service life of 40 years. Operating currents of these cables are 

low and will not cause this temperature to be exceeded at maximum design 

ambient air temperature. 

 

3.11.5  Estimated Radiation Environment 

 

For each location, environmental conditions (including radiation levels) are 

provided in the environmental qualification summary report.  The applicant will 

correlate the data with Tables 1,2,5,6 and 8 of EDC D7.5 and describe how these 

environments were derived. 

 

3.11.6  SRP Rule Review 

 

3.11.6.1  Acceptance Criteria Deviation 2 

 

In SRP Section 3.11, Subsection II, it states that complete and  auditable 

records will be available at the time of OL application.  The files will not be 

available at the time of OL  application, but should be available in time for 

the environmental  qualification audit prior to fuel load. 

 

The records will be complete and available for audit prior to fuel  load. 

 

3.11.6.2  Acceptance Criteria Deviation 3 

 

In SRP Section 3.11, Subsection II, it states that, at the time of  the CP and 

OL application, complete and auditable records which  describe the 

environmental qualification method used for all  mechanical and electrical 

equipment in sufficient detail to document the degree of compliance with the 

requirements of the SRP, must be available and maintained at a central 

location. 
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3.11.6.3  Acceptance Criteria Deviation 4 

 

SRP Section 3.11, Subsection II, lists IEEE-323 (augmented by  Regulatory 

Guide 1.89) as acceptance criteria.  Where the HCGS  environmental 

qualification program is upgraded to NUREG-0588,  Category I, the guidance 

contained in Regulatory Guide 1.89 is  followed. 

 

3.11.7  References 

 

3.11-1  Deleted 

 

3.11-2  R.L. Mittl, PSE&G, to W. Butler, NRC, "Equipment Qualification", 

dated July 29, 31, and August 15, 1985. 

   

3.11-3  C. McNeill, PSE&G, to E. Adensam, NRC, "Equipment Qualification," 

dated December 4, 1985, January 7, February 25, and March 26 and 

31, 1986. 

 

3.11-4  Deleted 

 

 

3.11-5  Hope Creek Generating Station Environmental Design Criteria, 

Document No. D7.5. 
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Tables 3.11-1a through 3.11-1h, Table 3.11-2, and Figures 3.11-1 through 3.11-5 

have been deleted and information on the Environmental Qualification parameters 

for Class 1E equipment have been provided separately in the "Environmental 

Design Criteria", Document No. D7.5. 

 

Tables 3.11-4, 3.11-5, and 3.11-6 have been deleted and information on the 

environmental qualification of Class 1E equipment is identified in SAP.  
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