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, Jjet 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.
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 1is 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.

Environmental - Ruptures in high energy piping result in the release
of fluid that can increase temperature, pressure, humidity, and
radiation levels in the wvicinity 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 1lines 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 1is discussed in Section 3.11, with other

radiological considerations discussed in Section 12.1.

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 i1s 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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The ability to safely shut down the reactor and maintain it in a

safe shutdown condition

Containment integrity

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

Resultant radiation exposures are below the guideline wvalues in
10CFR50.67.

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

are made:

HCGS-UFSAR

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.

Offsite power is assumed to be unavailable if a trip of the turbine
generator or the Reactor Protection System (RPS) 1is a direct

consequence of the postulated piping rupture.

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.

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 Dby 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 1leakage

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 wvessel. 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 wvalves (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 wvicinity 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 wvalves. 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 1lines. 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 1line 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 1in scram times resulting from withdrawal 1line crimping under jet
impingement loads, as discussed 1in 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 1is 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.

Verification of reactor shutdown capability - Breakage of a main
steam 1line 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 1level will initiate operation of the High

Pressure Coolant injection (HPCI) and Reactor Core
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3.6.1.2.1.2

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.

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 Jjet impingement loads on the CRD withdrawal lines. However,

analysis shows no significant increase in scram times resulting from CRD

withdrawal 1line crimping under Jjet 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 1in 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 1is

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 1is 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 1lines 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 wvalves 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 wvalves.
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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 Jjet impingement resulting from
feedwater 1line 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.

Verification of reactor shutdown capability - A feedwater 1line
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 wvalve dynamics and
stresses following a double ended break of the feedwater 1line
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 wvalve 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 IIT.

For a feedwater 1line 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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3.6.1.2.1.4

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 1in the Turbine Building, no special provisions are
necessary to provide protection for equipment in this area from the

effects of pipe breaks.

Condensate System

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

whip restraints are provided for the condensate piping.

HCGS-UFSAR

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, wvalves,

and welded attachments. Breaks need not be postulated at locations

that are subject to 1low stresses, consistent with Section
3.6.2.1.1.
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 1lines. 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 wvalves, 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 wvicinity of
the RWCU piping outside the drywell, as well as wupon receipt of other
initiating signals discussed in Section 7.3. This is done in order to
terminate Dblowdown through breaks outside the drywell. To ensure the
operability of these wvalves 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 1line breaks 1in the pipe chase compartment do not result in
unacceptable impingement on the RWCU outboard containment isolation wvalve,
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 wvalves. 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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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 1line
breaks in these areas is provided by interconnecting steam venting
paths Dbetween 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 1s 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 1is shown on
Figure 3.6-17, and the results of the analyses are 1listed 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.

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 1line 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 Dblowdown. 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 1line 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 1line, the
containment spray lines, HVAC isolation instrumentation, and the
RWCU outboard containment isolation wvalve. The containment
isolation wvalves 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.

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
54 feet.

and runs toward the HPCI pump compartment located at Elevation

The routing of this 1line 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-FO0O01.

HCGS-UFSAR
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The HPCI steam supply line is provided with two fast acting isolation wvalves,
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 wvicinity 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 wvalve 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 1line 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 Dby 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, 1s 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 1is
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.

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 1line 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 1line
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 1line 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 wvalves,
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.

HCGS-UFSAR

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 1line 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.

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 Dby 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 1is 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 wusing the analytical
technique described in Reference 3.6-1 and the Dblowdown 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 1is 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.

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 Dblowdown. No
reactor scram occurs, due to the rapid termination of blowdown.
After investigation of the cause of the steam supply 1line

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 zrouted 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.

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

HCGS-UFSAR

3.6-31
Revision 0
April 11, 1988



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.
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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.

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 1line break is exceeded in
severity by the transient resulting from an intermediate size
break. These design Dbasis 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.

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 1line. 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 wvalves 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 wused 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.

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.
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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.

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 Dbreaks. 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

basgis 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 1line. This 1line 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 wvalve 1is considered high energy during periods when the reactor is

pressurized.
1. Pipe break locations - The postulated pipe break locations for the
SLC injection 1line 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 1s 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 wvalve in that 1line
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 wvalves, 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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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.

Compartment pressure temperature transients - Since the high energy
portion of the RHR shutdown cooling suction 1line 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 1line 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.

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.

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 1line 1s 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 1lines 1is 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 wvalve 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 1line 1is exceeded in severity by the transients
resulting from recirculation loop breaks and main steam 1line

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 1lines: 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 wvalve

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.

HCGS-UFSAR

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

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.

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 vrecirculation 1loop breaks and main steam 1line

breaks, which are discussed in Section 6.2.1.

Verification of reactor shutdown capability - A core spray
injection 1line 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 1line 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 1leakage 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 wvia a 10- and a 16-
inch header to the wvarious 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 1line is routed vertically and
horizontally wuntil it penetrates the west side of the reactor pedestal at
Elevation 102 feet 9 inches as a 4-inch line. The drain 1line 1is routed
horizontally south through control and bypass wvalves and then vertically to

Elevation 120 feet 6 inches,
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where it ties into the reactor water clean up system, without penetrating the

primary containment.

HCGS-UFSAR

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.

Compartment pressure temperature transients - The pressure
transient in the primary containment resulting from a break in the
reactor vessel drain 1line 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 Dbreak. These design basis transients are

discussed in Section 6.2.1.

Verification of reactor shutdown capability - A reactor vessel
drain 1line Dbreak 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.
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3.6.1.2.1.18 Reactor Vessel Head Spray Line

The head spray line has been removed. However, the analysis of a postulated
head spray line break discussed in Appendix 6B bounds the effects of an RPV
head vent line break. Therefore, the discussion regarding a postulated head

spray line break is still wvalid.

Compartment pressure temperature transients - Since the high energy portion of
the reactor vessel head spray line was located entirely within the drywell, a
postulated break in the line has no effect on the plant areas outside the
containment. The drywell head region is pressurized by postulated breaks on the
head spray line above the containment seal plate. The pressure temperature
transient for the drywell head region is discussed in Appendix 6B. The

pressure temperature transient in the
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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 1levels, 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 wvalves, are actually
located in a moderate energy portion of the system. The non-ASME
IIT 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).

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 wvented 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 Dbreak 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, 1t 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 1is 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 o0il 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.

3.6-49
HCGS-UFSAR Revision 0
April 11, 1988




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.

3.6.2.1Criterjia 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.l.a and B.l.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.l.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.l.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 Dbreaks 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 Jjets 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 1in this area are 1less 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 wvalve 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, Sn, calculated by equation 10 of

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

not exceed 2.4 Sm 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 Sm,

the stress ranges calculated by Dboth equation 12 and

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

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 Sm, except for the portion of piping between the

isolation valve and the adjacent restraints protecting the
operability of the wvalve. 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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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 Sh + SA

).

b. The maximum stress, as calculated by equation 9 of
Paragraph NC-3652, under the 1loadings resulting from a
postulated rupture of fluid system piping beyond these

portions of piping, does not exceed 1.8 Sh. Higher stresses

are permitted in pipe between the outboard isolation wvalve
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:

HCGS-UFSAR

Welded pipe support attachments are avoided to eliminate stress

concentrations.

The number of circumferential and longitudinal pipe welds and

branch connections is minimized.

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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7.
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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.

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.

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 wvalve as a consequence of pipe break. These

restraints are:

a. Located reasonably close to the isolation valves

b. Capable of withstanding the 1loadings resulting from
postulated pipe rupture beyond this portion of the
piping such that neither wvalve operability nor the
leaktight integrity of the primary containment is

impaired.

Operability of the isolation wvalve 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 c¢riteria 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 1s 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, Jjet impingement, pressurization, and flooding due to the branch 1line
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 Sm.

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 Dbased 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 1locations 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 1location 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 1location 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

Breaks in

Piping in Containment Penetration Areas)

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

postulated to occur at the following locations:

2.

HCGS-UFSAR

At terminal ends of piping runs or branch runs

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

. 1.2 .
0.8( Sh + SA)

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 Dbreak

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 1in 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 Dby equation 10 of

Paragraph NB-3652, exceeds 1.2 Sm, 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 Sh + SA).

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 Sm, 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 Sh + SA)'

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 1locations determined by the
criteria listed in Section 3.6.2.1.1, except where it can be shown that the
maximum stress 1is 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 c¢riteria of Section 3.6.2.1.1 are not
satisfied, but it is shown that the maximum stress 1is 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 wverified 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 wvalve. 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 wvalve 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 Dbases 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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(3.6-1)
M_ﬁtj-,‘-ja mv+J.IJ-m mdv_-‘--“ fotiolfolariol 1 - 38 +
jjsi[Pi i, +d, (p; 4.0, 0. mdS;

where

F = total resultant force acting on pipe

m = unit vector in the direction of force

A% = 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

o) = 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 1s 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 wvalve to below the dynamic yield strength of
the material in order to ensure operability of the wvalve. 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 vrespect 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 mnormal, 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 Dbased 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 ILocations 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 wvalve, 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 wvalve. 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 1mpact any structure, system, or component important to

safety.

2. Piping for which the internal energy level associated with whipping
is insufficient to dimpair 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.

3.6-71
HCGS-UFSAR Revision 8
September 25, 1996



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 Dbranch
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 1intermediate 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 Sm but 1is not greater than 3 Sm,

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 Sm or 1f the cumulative usage

factor exceeds 0.1 when equation 10 exceeds 3 Sm.
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3.6.2.6.1.

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.

5 Types of Breaks to be Postulated in Fluid System Piping

The following types of breaks are postulated in high energy fluid system

piping:

HCGS-UFSAR

No breaks need be postulated in piping having a nominal diameter

less than or equal to 1 inch.

Circumferential breaks are postulated only in piping exceeding a 1-

inch nominal pipe diameter.

Longitudinal breaks are postulated only in piping having a nominal

diameter equal to or greater than 4 inches.

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 1limits 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 1is
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 wvicinity 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 1in the circumferential direction 1is greater than
1.5 times the stress range in the longitudinal direction,
only the longitudinal break may be postulated. If no
significant difference Dbetween the circumferential and
longitudinal stresses is determined, then both types of

breaks are considered.

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.

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 Dbreaks and out of plane for
longitudinal breaks, and to cause pipe movement in the direction of

the jet reaction.

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 Dby 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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3.6.2.6.2.

experimentally determined thrust coefficient. Justifiable 1line
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.
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.

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:

HCGS-UFSAR

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).

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 1like. Following the rupture, a decompression
wave 1is 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 (PO)

times the break area (A). After the initial decompression period,
i.e., the time it takes for a wave to reach the first change in
direction, the force is assumed to drop off to the wvalue of the

blowdown thrust, i.e., 0.7 POA.

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:

F = (P - Py + pLu (3.6.2)
e
where in any consistent set of units:
F = Dblowdown force
P = pressure at exit plane
P = ambient pressure
u = velocity at exit plane
g = density at exit plane
A = area of break
I = 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 POA.
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 POA

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 1is 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, 1f 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 wused 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 vyield 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 wverification 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 wused 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 IIT.
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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 1is 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 1loss 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 Dbecause other 1loads 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 Dbase 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.

2.

HCGS-UFSAR

Type I - straps

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.

For stainless steel bars, the design limit base is 50 percent of

the minimum uniform ultimate tensile elongation.

Type 2, Restraint frames - Design limits for the ASTM A36 restraint

frames are as follows:

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 IT.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.l.c(l) - 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 wvicinity 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 wvicinity 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 wused 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 wview, 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 wused in Sections 3.6.1 and 3.6.2 have gpecific 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.

Normal plant conditions - Plant operating conditions during reactor
startup, operation at power, hot standby, or reactor cooldown to cold

shutdown condition.

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.

Sh and SA - Allowable stresses at maximum (hot) temperature and

allowable stress range for thermal expansion, respectively, as
defined in Article NC-3600 of the ASME B&PV Code, Section IITI.

Sm - Design stress intensity, as defined in Article NB-3600 of the

ASME B&PV Code, Section III.

Sn - 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.

3.6-90
Revision 0
April 11, 1988



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 1is 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 zruns 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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TABLE 3.6-1

HIGH ENERGY FLUID SYSTEM PIPING

Fluid System

Extent of High Epnergy Piping

Reactor recirculation

Main steam

Feedwater

Condensate

RWCU

Reactor vessel drain

HCGS-UFSAR

From reactor vessel suction nozzles to
recirculation pumps to reactor vessel

discharge nozzles, as shown on Figure 5.4-2

From reactor vessel nozzles to main steam

stop valves, as shown on Figures 5.1-3

From condensate filter/demineralizers
through feedwater heaters and reactor
feedwater pumps to reactor vessel nozzles,
shown on Figures 10.4-4, 10.4-5, 10.4-6,
and 5.1-3

From condensate pumps through steam jet air

ejector condensers, steam packing
exhauster, . and condensate
filter/demineralizers, as shown on

Figures 10.4-4 and 10.4-4

From reactor recirculation loops through
RWCU pumps, regenerative and nongenerative
heat exchangers, and cleanup
filter/demineralizers to feedwater lines,
as shown on Figures 5.4-2, 5.4-17, 5.4-19,
and 5,1-3

From reactor vessel bottom head nozzle to
RWCU 1line inside primary containment, as
shown on Figures 5.4-2 and 5.4-17
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Fluid Svstem

TABLE 3.6-1 (Cont)

Extent of High Energy Piping

HPCI steam supply

RCIC steam supply

Main steam drain lines

RPV head vent line

Standby liquid control

injection

RHR shutdown cooling

suction

RHR shutdown cooling

return

LPCI injection

Core spray injection

HCGS-UFSAR

From main steam line ¢ to HPCI turbine
steam supply valve HV-FO01 as shown on
Figure 6.3-1

From main steam line A to RCIC turbine
steam supply wvalve HV-F045,
Figures 5.4-8 and 5.4-9

as shown on

From main steam lines inside drywell and
from main steam lines outside drywell to

the condenser, as shown on Figure 5.1-3

From reactor vessel top head nozzle to main

steam line A, as shown on Figure 5.1-3

From core spray injection line A to
inboard check valve, as
Figures 9.3-8 and 5.1-3

shown on

From reactor recirculation loop to
inboard containment isolation wvalve, as

shown on Figure 5.4-13

From reactor recirculation loops to
inboard check
Figure 5.4-13

valves, as shown on

From reactor vessel nozzles to inboard

check valves, as shown on Figure 5.4-13

inboard

check valves, as shown on Figure 6.3-7

From reactor vessel nozzles to
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Fluid System

TABLE 3.6-1 {Cont)

Extent of High Energy Piping

CRD hydraulic

Auxiliary steam

Emergency diesel

generator starting

air line

HCGS-UFSAR

From CRD drive water pumps to master control
station to HCUs, as shown on Figures 4.6-5 and

4.6-6

From auxiliary boiler to various steam consuming

components, as shown on Figure 9.5-30

From starting air skid to emergency diesel
generator as

shown on Figure 5.5-28
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Node
(1)

Point——

Line A

TTJ
EL

TTJ
EL

TTJ
EL

(Historical Information)

TABLE 3.6~2

FINAL MAIN STERM SYSTEM PIPING STRESS LEVELS

AND PIPE BREAK DATA
(PORTION INSIDE PRIMARY CONTAINMENT)

Pipe Break
Stress
Stress Cumulative Limit
By EQ. 10 Usage 2.4 Sm Break
. , (3)
(ksi) Factor {ksi) Type
27.718 0.010 42.5
56.58 0.010 42.5
25.83 0.010 42.5
49.83 0.010 42.5
26.88 0.010 42.5
56,15 0.010 42.5
28.10 0.010 42.5 C
£1.99 0.020 42.5 C

Basis for

Break

TE
TE

TE
TE

TE
TE

TE
TE

{4

Selection——

)

FOR CURRENT TNFORMATION,

THIS TABLE CONTAINS HISTORICAL DATA CNLY AND IS NO LONGER UPDATED,
SEE THE LATEST APPLICABLE STRESS CALCULATIONS.

HCGS-UFSAR
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(4)

{Historical Information)

TABLE 3.6-2 (Cont)

Locations of the nodes are shown in Figure 3.6-2

Symbols used to denote the node type are as follows:
TTJ - Tapered transition joint
EL - Elbow

Break types are indicated as follows:

C -~ Circumferential

Symbols used to denote the basis for break selection are as follows:

TE - Terminal end

THIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NC LONGER UPDATED.
FOR CURRENT INFORMATION, SEE THE LATEST APPLICABLE STRESS CALCULATIONS.
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{(Historical Information)

TABLE 3.6-3

FINAL MAIN STEAM SYSTEM PIPING STRESS LEVELS AND

PIPE BREAK DATA
(PORTION OUTSIDE PRIMARY CONTAINMENT)

Total Pipe Break
Stress Stress Limit Bagis for
Node Node EQ.9+EQ.10 0.8(1.2Sh+SA) Break Break
. 1 2 . , 3 .
,Eg;ggi_L sze—(—l ksi ksi Tvnei—l Selection
45 BW 22.76 37.8 c TH
215 : BW 23.24 37.8 C TE
385 BW 23.80 37.8 c TE
565 BW 25.90 37.8 c TE
75 EL 24,26 37.8 C MBL
245 EL 25.09 37.8 c MBL
{1) Locationsg of the nodes are shown in Figure 3.6-3
{2) Symbols used to denote the node type are as follows
EL - Elbow
Bw ~  Buttweld
(3) Break types are indicated as follows
c -~ Circumferential
(4) Symbols used to denote the basis for break selection are as follows:
TE - Terminal end
MBL - Intermediate break locations selected to satisfy

the

requirements for a minimum number of break locations where such

locations are in the proximity of welded attachments.

THIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NO LONGER UPDATED.
FOR CURRENT INFCRMATION, SEE THE LATEST APPLICABLE STRESS CALCULATIONS.

1 cE 1
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TABLE 3.6-4

BLOWDOWN TIME HISTQCRIES FOR HIGH ENERGY PIPE BREAKS OUTSIDE PRIMARY CONTAINMENT

- Blowdown : Isclation Valve Closure(l) : ' I
Time After Mass Flow . Valve Signal Total
Break Rate Enthalpy Isolation Closing Delay Internal
High Energy Line {s) {lbm/s) {Btu/lbm} Valves Time{s} Time(s) Time(s)
Main steam line 0.0 7812.0 1182.0 HVF022A,B,C,D 5.0 0.5 5.5
{auxiliary building section 0.16 7812.0 ©1192.0 HVF0Z28A,B,C,D 5.0 0.5 5.5
of main steam tunnel) 0.161 18395.0 5391.0
5.5 0.0 591.0
Main steam line 0.0 13144.0 1192.0 HVF022A,B,C,D 5.0 0.5 5.5
(penetration champer 0.092 13144.0 1182.0 HVF028A,B,C,D 5.0 0.5 5.5
of the MST) 0.093 8539.0 11%82.0
1.306 8539.0 1192.0
1.307 11205.0 962.0
2.297 11205.90 962.0
2.298 18533.0 591.0
5.50 18533.0 591.0
5.51 0.0 591.0
RWCU 6" line (Cases 4&5) 0.0 4454.5 193.6 AVEQO1 30.0%%)
{Scuth pipe case) 0.182 4454.5 4932.6 HVED04 30.0(2)
FWTR 0.183 256.8 493.6 HVEF039 check valve
30.0 256.8 493.6
RWCU pump discharge 0.0 0.0 494.2 HVE001 35.0 5.0 0.0
line at the check valve 0.001 297.91 1494.4 HVEGO4 35.0%" 5.0 40.0
(RWCU pump room)Case 1 0.005 795.05 494.0 HVFG39 check value
MPS w/FWTR 0.48 581.31 461.7
1.78 402.05 464.6
B.98 373.55 467.9
100.0 373.55 467.9
1 o0f 3
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High Energy Line

RWCU valve and pump room
© Case 7 (MPS w/FWTR}

RWCU line at the heat

exchangers (RWCU heat
exchanger room) Case 2
{MPS w/FWTR)

RWCU discharge line at the

inlet nozzle to the filter/
demineralizer vessel (RWCU

filter/demineralizer room)

Case 6

HCGS-UFSAR

TABLE 3.6-4 (Cont)

(1)

Isolation Valve Closure

Valve Signal  Total
Closing Delay Internal
Time(s) Time(s) Time(s)

Blowdown
Time After Mass Flow
Break Rate Enthalpy Isclation
(s) {1bm/s) {Btu/lbm) Valves
0.0 0.0 420.3 HVFOO1
0.005 416.59 420.3 © HVF004
0.025 1194.71 437.0 HVFQ39
0.480 659.65 438.9
1.380 404.46 423.6
3.980 408.41 379.8
10.230 265.61 413.3
100.000 265.61 413.3
0.0 0.0 420.3 HVFOO01
0.005 416.7 420.3 HVEQ04
0.025 1194.8 437.0 HVF039
0.480 659.7 439.9
1.380 404.5 423.6
3.980 408.5 375.8
10.230 265.6 413.3
100.000 265.6 413.3
0.0 821.7 BB.3 HVF001
0.0001 1670.2 88.3 HVF004
0.005 572.2 97.0 HVFO039
0.928 315.2 175.3
2.58 281.7 254.3
6.58 236.9 325.0
10.03 218.5 367.7
41.0 218.5 367.7
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(2)
(2)

40.9
40.9

. check valve

35.02Y 5.0 40.0

35.0'2) 5.0 40.0
check valve

35.04%7 5.0 40.0

35.0%" 5.0 40.0
check valve
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TABLE 3.6~4 (Cont}

Blowdown Isolaticn Valve Closure‘l)
Time After Mass Flow Valve Signal Total
) Break Rate Enthalpy Iselation Closing Delay  Internal
High Energy Line . (s) - (1bm/s) - [Btu/lbm) Valves Time{s) Time{s} Time(s)
HPCI steam supply line 0.0 1088.4 1192.2 HVF002 35.0
(HPCT pump room) 0.282 1088.4 1182.2 HVFQO03 35.0
0.283 414.0 1192.2
35.0 414.0 1192.2
35.1 0.0 J1192.0
HPCI steam supply line 0.0 1088.36 1192.2 HVF002 35.0
(HPCI pipe chase) 0.0651 1088.36 11982.2 HVF0O03 35.0
0.0652 414.0 1192.2
35.0 414.0 1192.2
35.1 0.0 1192.2
RCIC steam supply line 0.0 164.68 1192.2 HVFUQ7? 11.0
{RCIC pump room) 11.0 164.68 1192.2 HVF008 11.0
11.1 0.0 1192.2

{1} These values are the assumed valve closure times in the pressure temperature transient analysis. These analyses are insensitive to small variations
in actual valve closing times.

{2) The required closing time for this valve, which was specified for contaimnment isolation purposes, is actually 45 seconds. Since the peak pressure
and temperature occur long before valve closure, the analysis is insensitive to the actual valve closing.

(3) All RWCU line breaks evaluated at the following conditions: Normal feedwater temperature, reduced feedwater temperature, Increased Core Flow (ICF),
Minimum Pump Speed (MPS), and MPS with reduced feedwater temperature. The mass and energy release resulting in the peak break node
pressure/temperature is provided.

3 of 3
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TABLE 3.6-5

PRESSURE-TEMPERATURE TRANSIENT ANALYSIS RESULTS

FOR HIGH-ENERGY PIPE BREAKS OUTSIDE PRIMARY CONTAINMENT

Room

RWCU Pump Rm.
RWCU Pump Rm.

RWCU Hx Rm.
Torus Rm.
HPCI Pipe Chase

North Pipe Chase
Steam Vent

RCIC Pipe Chase
South Pipe Chase
South Pipe Chase
South Pipe Chase

RWCU F/D Rm.
RWCU F/D Rm.

RWCU Valve & Pump Rm.
RWCU Valve & Pump Rm.

HPCI Pump Rm.

RCIC Pump Rm.

MST Penetration Rm.
MST Unit Cooler Rm.

MST & Emergency Vent Stack

Initial Condition

Calculated Peak Relative
(1,2)
Pressure Temp. Tenp. Humid.
{psig) (°F) (°F) (%}
1.7 217 104 50
1.7 217 104 50
2.1 217 120 50
1.5 302 90 30
2.0 302 75 30
1.5 302 90 90
1.5 302 30 90
(3)
1.7 302 95 90
1.6 218 95 20
1.7 218 95 90
1.8 218 35 a0
6.4 231 104 50
6.4 231 104 50
1.9 218 115 50
1.9 218 120 50
2.8 301 85 90
(4)
2.8 301 8¢ 90
16.3 315 120 30
16.3 315 120 30
10.0 297 120 30

Outside atmospheric conditions were assumed to be 14.7 psia, 70°F, and 90% relative humidity.

Calculated peak pressure and temperature values bound those determined at 3952 MWth.

Case Break

1 RWCU Pump Disch. Line 4405:
Break 4403:

2 RWCU Hx Line Break 4506:
(4" Line Break)

3 HPCI Steam Supply 4102:
Line ({Chase} 4327:

4329:
4409:

(1}
4 RWCU 6" Line Break 4319:
4321
4402:

{1}
5 RWCU 6" Line Break 4505:
6 RWCU F/D Line Break 4620:
4621:

7 RWCU F/D Line Break 4502:

45C3:

8 HPCI Steam Supply 4111:
Line (Pump Rm.)

9 RCIC Steam Supply 4110:
Line {(Pump Rm.)

10 Main Steam Line 4316:
Break in the Penetration 4518:
Chamber of the Main Steam
Tunnel

11 Main Steam Line
Break in the Main
Steam Tunnel

(1} The initial pressure in all of the rcoms was 14.7 psia.

(2)

(3) Peak temperature is based on Case 3.

(4) Peak temperature is based on Case 8.

{3)

HCGS~UFSAR

lofl
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TABLE 3.6-6

FINAL RECIRCULATION SYSTEM PIPING STRESS RATIOS
AND PIPE BREAK DATA - LOOP A (4)

Stress Ratio per ASME Eguation

EQ 10 EQ 12 EQ 13
Break 2.4 Sm 2.4 Sm 2.4 Sm Usage Break Break Basis
Ident(l) Factor Type(z) Section No.
s1 0.452 0.072 0.414 0.00 CRCMF 3. .6
Fl 0.534 0.060 0.420 0.00 CRCMF 3.6.2.6
F2 0.664 0.187 0.425 0.00 CRCMF 3. .6
F3 0.557 0.093 0.445 0.00 CRCMF 3. .6
F4 0.603 0.104 0.440 0.00 CRCMF 3.6.2.6
F5 0.639 0.177 0.433 0.00 CRCMF 3. .6
F6(3) 1.008 0.088 0.758 0.010 CRCMF 3. .6
F7(3) 1.142 0.130 0.748 0.010 CRCMF 3. .6
F8(3) 1.002 0.089 0.613 0.00 CRCMF 3. .6
F9({3) 1.335 0.329 0.750 0.010 CRCMF 3, .6
F10(3) 1.159 0.264 0.747 0.010 CRCMF 3.6.2.6

(1) Location at the nodes are shown in Figure 3.6~12.

(2) CRCMF = Circumferential

(3) Postulated Arbitrary Intermediate Breaks (AIB} are not required and stress
ratios are not applicable.

{4) Reference PSE&G Calculation C-0142

NOTE: THIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NO LONGER UPDATED.
FOR CURRENT INFORMATION, SEE THE LATEST APPLICABLE STRESS CALCULATION.

lof1l
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TABLE 3.6-6A

FINAL RECIRCULATION SYSTEM PIPING STRESS RATICS
AND PIPE BREAK DATA -~ LOOP B (4)

Stress Ratio per
ASME Equation

EQ 10 EQ 12 EQ 13

Break 2.4 Sm 2.4 Sm 2.4 Sm Usage Break Break Basis
Ident(l) Factor Type(zl Section No.
s1 0.450 0.046 0.414 0.00 CRCMF 3.6.2.6
Fl 0.492 0.062 0.427 0.00 CRCMF 3.6.2.6
F2 0.687 0.215 0.422 0.00 CRCMF 3.6.2.6
F3 0.565 0.092 0.429 0.00 CRCMF 3.6.2.6
F4 0.648 0.169 0.427 0.00 CRCMF 3.6.2.6
F5 0.655 0.203 0.425 0.00 CRCMF 3.6.2.6
F6(3) 0.912 0.080 0.753 0.01 CRCMF 3.6.2.6
F7(3) 1.060 0.152 0.753 0.01 CRCMF 3.6.2.6
F8(3) 1.045 0.1l64 0.617 0.00 CRCMF 3.6.2.6
F9(3) 1.325 0.377 0.757 0.01 CRCMF 3.6.2.6
F10(3} 1.153 0.295 0.742 0.01 CRCMF 3.6.2.6
(1) Location at the nodes are shown in Figure 3.6-12.
(2) CRCMF = Circumferential.
(3) Postulated Arbitrary Intermediate Breaks (AIB) are not required and

stress ratios are not applicable.
{4) Reference PSE&G Calculation C-0142.

NOTE: THIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NO LONGER UPDATED.
FOR CURRENT INFORMATION, SEE THE LATEST APPLICABLE STRESS CALCULATION.

1 of1
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TABLE 3.6-7

RECIRCULATION SYSTEM BLOWDOWN TIME HISTORY

Rate, Enthalpy,
Iime, s —ibm/s —Btu/lbm
0 0 544.5
0.00255 1210 544.5
0.00496 3600 544.5
0.00804 8410 544.5
0.00924 10,810 544.5
0.01180 16,400 544.5
0.01580 24,500 544.5
0.01880 30,190 544.5
0.01910 30,780 544 .5
0.01911 11,660 544.5
0.01980 12,140 544.5
0.02580 16,340 544.5
0.03380 21,860 544.5
0.04180 26,880 544.5
0.05480 31,300 544.5
0.05890 32,060 544.5
5.00000 32,060 544.5
1 of 1
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(Historical Information)
TABLE 3.6-8
FINAL FEEDWATER SYSTEM PIPING STRESS LEVELS
AND PIPE BREAK DATA
{PORTION INSIDE PRIMARY CONTAINMENT)
AE-035
Pipe Break
Stress
Stress Cumulative Limit Basis for
Node Node By EQ. 10 Usage 2.4 Sm Break Break
, 1 2 , \ 3 , 4
P01nt( ) Tvpe( ) {ksi) Factor {kgi) Tvpe( ) Selectlon( )
200 T 67.60 0.6017 47.34 C TE
318 TTT 65.93 0.5445 47.34 C TE
265 TTJ 67.69 0.5376 47 .34 C TE
130 TEE 80.14 0.4585 47.34 C&L SFL
95 TEE 114.42 0.4304 47 .34 C&L SFL
70 TTJ 57.50 0.2105 47.34 C&L SFL
60 TTJ 57.30 0.2107 47 .34 C&L SFL
25 TTJ 61l.66 0.2498 47 .34 C&L SFL
15 TTJI 57.62 0.2144 47,34 C TE
178 LUG 17.78 0.3399 47 .34 S SFL
288 LUG 21.57 0.3438 47 .34 S SIFL
250 LUG 14.52 0.3252 47 .34 S SFL
225 LUG 18.47 0.1514 47,34 s SFL
108 LUG 22.39 0.8374 47.34 S SFL
(1) Locationg of the nodes are shown in Figure 3.6-13
{(2) Symbols used to denote the node type are as follows:
TTS -~ Tapered transition joint
BRA - Branch Connection
TEE - Tee
LUG - Shear Lug
(3) Break types are indicated as follows:
c -  Circumferential
L -  Longitudinal
3 - S8lot break at welded attachment
(4) Symbols used to denote the basis for break selection are asgs follows:
TE -~ Terminal end
SFL. - Stress and fatigue limits established in Section
3.6.2.1.1.3 are not met.
THIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NO LONGER UPDATED.
FOR CURRENT INFORMATICN, SEE THE LATEST APPLICABLE STRESS CALCULATIONS.

1 0of 1
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(Historical Information)
TABLE 3,6-8BA
FINAL FEEDWATER SYSTEM PIPING STRESS LEVELS
AND PIPE BREAK DATA
(PORTION INSTIDE PRIMARY CONTAINMENT)
AE-036
Pipe Break
Stress
Stress Cumulative Limit Basis for

Node Node By EQ. 10 Usage 2.4 Sm Break Break
Point Y Type ¥ {ksi) Factoxr {(ksi) Type' Selection
200 TTJ 68.87 0.6099 47 .34 Cc TE
315 TTJ 64 .44 0.5359 47 .34 c TE
265 TTT 69.02 0.5463 47.34 C TE
130 TEE 86.37 0.6775 47 .34 C&L SFL
95 TEE 83,96 0.8276 47 .34 C&L SPFL
70 TTJT 57.25 0.2101 47 .34 C&L SFL
60 TTT 57.11 0.2105 47.34 C&L SFL
25 TTJ 61.65 0.2497 47 .34 C&L SFL
15 TTJT 57.65 0.2145 47 .34 C TE
180 BRA 53.1¢8 0.2765 47.34 S SFL
178 LUG 16.90 c.3388 47 .34 S SFL
288 LUG 21.87 0.3434 47 .34 S SFL
250 LUG 15.15 0.3260 47 .34 S SFL
225 LUG 19.36 0.1518 47.34 2] SFL
108 LuUG 24,16 0.8539 47.34 s SFL
(1) Locations of the nodes are shown in Figure 3.6-13
(2) Symbols used to denote the node type are as follows:

TTJ - Tapered transition joint

BRA - Branch Connection

TEE - Tee

LuG - Shear Lug
{3) Break types are indicated as feollows:

C ~  Circumferential

L -  Longitudinal

S - 8lot break at welded attachment
(4) Symbols used to denote the basis for break selection are as follows:

TE - Terminal end

SFL -~ Stress and fatigue limits established in Section

3.6.2.1.1.3 are not met.
THIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NO LONGER UPDATED.
FOR CURRENT INFORMATION, SEE THE LATEST APPLICABLE STRESS CALCULATIONS.

1 of 1
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(Historical Information)

TARLE 3.6-9

FINAL FEEDWATER SYSTEM PIPING STRESS LEVELS AND

PIPE BREAK DATA
(PORTION QUTSIDE PRIMARY CONTAINMENT)

Pipe Break
Total Stress Limit Basis for

Node Node Stress 0.8(1.2 Sh+s Break
point (7 1ype 2 (ksi) (ksi) selection'?’
Feedwater lines:
70 BW 11.39 32.40 TE
630 BW 11.36 32.40 TE
HPCI pump discharge to FW:
AQ05 BW 19.94 32.40 TE
AlQ BW 19.68 32.40 TE
RCIC pump discharge to FW:
60 BW 9.30 32.40 TE
958 BW 23.53 32.40 TE
RWCU discharge to FW:
40 BW 9.82 32.40 TE
665 BW 9.95 32.40 TE
(1) Locations of the nodes are shown in Figure 3.6-14
(2) Symbols used to denote the node type are as follows:

BW - Butt weld
(3) Break types are indicated as follows:

c -~ Circumferential
(4) symbols used to denote the basis for break selection are as

follows:

TE - Terminal end

FOR CURRENT INFORMATION,

THIS TABLE CONTAINS HISTCRICAL DATA ONLY AND IS NO LONGER UPDATED.

SEE THE LATEST APPLICABLE STRESS CALCULATIONS.

— —————
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TABLE 3.6-10

. FINAL RWCU SYSTEM PIPING STRESS LEVELS AND PIPE BREAK DATA
(PORTION INSIDE PRIMARY CONTAINMENT)

Pipe Break

Stress
Stress Cumulative Limit Basis for
Node(5) Node By EQ 10 Usage 2.4 Sm Break Break
Point (1) Type(2) (ksi) Factor (ksi) Type(3) Selection(4)
S0 BW 15.6% 0.0002 43.60 C TE
101 BW 67.941 0.8869 43.60 C&L SFL
480 BW 12.86 0.0000 43.60 c TE
518 BW 11.64 0.0000 43.60 C TE
760 RED 69.73 0.1853 43.60 C SFL
799 BW 15.01 0.0003 43,60 C TE
108 TTJ 76.288 0.5386 43.60 C&L SFL
109 DSW 51.813 0.1346 43.60 C&L SFL
570 SW 61.26 0.6088 43.60 C SFL
575 SW 61.58 0.6386 43.60 c SFL
819 SwW 25.59 0.0056 43.60 C TE
a 705 TTI 42.66 0.0059 34.64 o4 TE

. 710 TTJ 69.42 0.3583 34.64 C&L SFL
910 RED 48.52 0.0154 43.60 ] SFL
920 SwW 9.14 0.0003 43.60 C TE
8585 BW 14.68 0.0001 43.60 C TE
902 TTJ 43.17 0.0075 34.64 C TE
905 TTJ 69.97 0.4372 34.64 C&L SFL
984 RED 48.52 0.0155 43.60 c SFL
988 SW 9.1¢9 0.0003 43.60 C TE
968 BW 10.25 0.0000 43.60 C TE

1l of 2
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TABLE 3.6~10 {(Cont)

(1)

(2)

(3)

(4}

(3)

Locations of the nodes are shown in Figure 3.6-15

Symbols used to denote the node type are as follows:
TTJ - Tapered transition jeint

BW - Butt weld

RED - Reducer

SW - Socket weld

Break types are indicated as follows:
e - Circumferential
L - Longitudinal

Symbols used to denote the basis for break selection are as

follows:

TE =~ Terminal end

SFL - Stress and fatigue limits established in Section
3.6.2.1.1.3 are not met.

Node points 101, 108, and 109 are branch connections on flow element No35

which are not within the snubber reduction program scope; therefore, values
listed are not revised to reflect the snubber reduction configuration.

2 of 2
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TABLE 3.6-11

FINAL RWCU SYSTEM PIPING STRESS LEVELS AND PIPE BREAK DATA
(PORTION OUTSIDE PRIMARY CONTAINMENT)

Total Pipe Break
Stress Stress Limit Basis for

Node Node EQ.9+EQ.10 0.8(1.2 Sh+SA) Break Break
Point(l) Type(z) (ksi) (ksi) Type(3) Selection(4
E ANCH 38.83 32.4 C TE
D ANCH 18.95 32.4 C TE
250 FL 26.76 32.4 C TE
370 FL 12.69 32.4 C TE
255 FL 12.66 32.4 C TE
380 FL 17.43 32.4 C TE
B ANCH 12.32 32.4 C TE
5 BW 15.26 32.4 C TE
640 BW 16.58 32.4 C TE
50 BW 13.50 32.4 C TE
850 ANCH 16.76 32.4 C TE
(1) Locations of the nodes are shown on Figure 3.6-16.
(2) Symbols used to denote the node type are as follows:

FL - Flange

BW - Butt weld

ANCH - Anchor
(3) Break type i1s indicated as follows:

C - Circumferential
(4) Symbol used to denote the basis for break selection is as follows:

TE - Terminal end

1 of 1
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{Historical Information)

TABLE 3.6-12

FINAL HPCI SYSTEM PIPING STRESS LEVELS AND PIPE BREAK DATA
(PORTION INSIDE PRIMARY CONTAINMENT)

Pipe Break

Stress
Stress Cumulative Limit Bagis for
Node Node By EQ. 10 Usage 2.4 Sm Break Break
, 1 2 \ , 3 ,
P01nt( )Typq( ) (ksi) Factor (ksi} Tvpe( ) Selectlon(4)
402 TTJI 31.3 0.0026 42 .48 C TE
420 BW 33.2 0.0015 42 .48 c TE

(1) Locations of the nodes are shown in Figure 3.6-18

{2) symbols used tc denote the node type are as follows:
TTJd - Tapered transition joint
BW -  Puttweld

(3) Break types are indicated as follows:

c - Circumferential

(4) Symbols used to denote the basis for break selection are as follows:

TE -~  Terminal end

TRIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NO LONGER UPDATED.
FOR CURRENT INFORMATION, SEE THE LATEST APPLICABLE STRESS CALCULATIONS.
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TABLE 3.6-13

. FINAL HPCI SYSTEM PIPING STRESS LEVELS AND PIPE BREAK DATA
(PORTION OUTSIDE PRIMARY CONTAINMENT)

Pipe Break
Total Stress Limit Basis for
Node Node Stress 0.8(1.2 Sh+S ) Break Break
(1) (2) A (3) (%)
Point Type (ksi) (ksi) Tvpe Selection

Pump Discharge

(see Feedwater and Core Spray)

Turbine Steam Supply

79 BW 23.20 32.40 c TE

120 BW 10.55 32.40 c TE

c ANGH 22.86 32.40 c TE

. 182 BW 16.41 32.40 c TE
110 BW 8. 604 32.40 c TE

(1) Locations of the nodes are shown in Figure 3.6-19

(2) Symbols used to denote the node type are as follows:
BW -  Butt weld
ANCH - Anchor

(3) Break types are indicated as follows:

C - Circumferential

(4) Symbols used to denote the basis for break selection are as
follows:

. TE - Terminal end
lofl
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{Historical Information)

TABLE 3.6-14

FINAL RCIC SYSTEM PIPING STRESS LEVELS AND PIPE BREAK DATA
{PORTION INSIDE PRIMARY CONTAINMENT)

Pipe Break

Stress
Stress Cumulative Limit Basis for
Node Node By EQ. 10 Usage 2.4 Sm Break Break
. 2 , . 3 )

point™  mype® (ksi) Factor __(ksi) Typel>)  selection®!
405 TTJ 53.666 0.0028 42,14 c TE
420 DMW 28.934 0.0023 33.72 C MBL
455 BW 49.756 0.0028 42.14 c TE
(1} Locations of the nodes are shown in Figure 3.6-22
(2) Symbols used to denote the node type are as follows:

TTJ - Tapered transgition joint

BW - Butt weld

DMW - Dissimilar Metal Weld
(3} Break types are indicated as follows:

C - Circumferential
(4) Symbols used to denote the khasis for break selection are as follows:

TE - Terminal end

MBL - Intermediate break locations selected to satisfy

the requirements for a minimum number of break
locations where such locations are in the proximity

of welded attachments.

THIS TABLE CONTAINS HISTORICAL DATA ONLY AND IS NO LONGER UPDATED.
FOR CURRENT INFORMATION, SEE THE LATEST APPLICABLE STRESS CALCULATIONS,
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TABLE 3.6-15

FINAL RCIC SYSTEM PIPING STRESS LEVELS AND PIPE BREAK DATA
(PORTION OUTSIDE PRIMARY CONTAINMENT)

Total Pipe Break
Stress Stress Limit Basis for
Node Node EQ.9+4EQ.10 0.8(1.2 S, +S,) Type Break
(1) (2) ha (3) %)
Point Type (ksi) © (ksi) Break Selection
A ANCH 41.82 32.4 c TE
85 BW 11.13 32.4 G TE
44 BW 7.61 32.4 c TE

1) Locations of the nodes are shown in Figure 3,6-23

(2) Symbols used to denote the node type are as follows:
BW - Butt weld
ANCH- Anchor

(3) Break types are indicated’as follows:

C - Circumferential

(4) Symbols used to denote the basis for break selection are as
follows:

TE - Terminal end

1L of 1
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TABLE 3.6-16

MAIN STEAM DRAIN PIPING STRESS LEVELS AND PIPE BREAK DATA
(PORTION INSIDE PRIMARY CONTAINMENT)

. Breaks are postulated at every fitting and change of direction.
Refer to Figure 3.6-26

1 of 1
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TABLE 3.6-17

FINAL MAIN STEAM DRAIN PIPING STRESS LEVELS AND
PIPE BREAK DATA
(PORTION OUTSIDE PRIMARY CONTAINMENT)

Pipe Break
Node Total Stress Limit Basis for
Point Node Stress 0.8(1.25 +5 ) Break Break
{1} Type(2) (ksi) {ksi} Type{3) Selection(4)

120B TE 13.33 32.40 C TE

765 BW 17.35 32,40 C TE

680 BW 20.43 32.40 C TE

610 BW 22.01 32.40 C TE

540 BW 23.92 32.40 C TE

274 BW 20.72 32.40 C TE

75 BW 9.05 32.40 C TE

1 of 2
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TABLE 3.6-17 (Cont)

(L

(2)

(3)

(4)

Locations of the nodes are shown in Figure 3.6-27.

Symbols used to denote the node type are as follows:
EL - Elbow

TEE - Tee

BW - Butt weld

Break types are indicated as follows:

C - Circumferential

Symbols used to denote the basis for break selection are as
follows:
TE - Terminal end
SFL - Stress and fatigue limits established in
Section 3.6.2.1.1.3 are not met.

2 of 2
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TABLE 3.6-18

RPV HEAD VENT PIPING STRESS LEVELS AND PIPE BREAK DATA

Breaks are postulated at every fitting and change of direction.
Refer to Figure 3.6-28.

lofl

HCGS -UFSAR Revision 0
. April 11, 1988



TABLE 3.6-19

STANDBY LIQUID CONTROL INJECTION PIPING
STRESS LEVELS AND PIPE BREAK DATA

Breaks are postulated at every fitting and change of direction.
Refer to Figure 3.6-29,

1l of 1
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TABLE 3.6-20

. FINAL RHR SHUTDOWN COOLING SUCTION PIPING STRESS LEVELS
AND PIPE BREAK DATA

Pipe Break

Stress
Stress Cumulative Limit Basis for
Node Node By EQ. 10 Usage 2.4 8 Break Break
point 1) Typet?) . m (3) o (4)
ype (ksi}) Factor {(ksi) Type Selection
500 TTJ 42.5 0.013 34.05 C TE
530 TTJ 24.2 0.0303 42.375% o] TE

(1) Locations of the nodes are shown in Figure 3.6-30

(2) Symbols used to denote the node type are as follows:

TTJ - Tapered transition joint
(3) Break types are indicated as follows:
. c ~ Circumferential

{4) Symbols used to denote the basis for break selection are as follows:
TE - Terminal end

1 of 1
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TABLE 3.6-21

. FINAL RHR SHUTDOWN COOLING RETURN PIPING STRESS LEVELS
AND PIPE BREAK DATA

Pipe Break
Stress
Stress Cumulative Limit Basis for

Node Node By EQ. 10 Usage 2.4 Sm Break Break
Point(l) Type(2) {ksi) Factor {ksi) Type(3) Selection{4)
LOCP A 12"-CCA—116(SS)

12"-DLA-069 (CSS)
600 TTJ 17.1 0.00 34.05% C TE
622 TTJ 21.7 0.0088 42.37% (o] TE
LOOP B 12"~CCA—115(SS)

12"~DLA-021(CSS)
600 TTJ 17.4 0.00 34.05 C TE

. 625 TTJ 23.4 0.00%2 42.375 C TE

(1) Locations of the nodes are shown in Figure 3.6-31

{(2) Symbols used to denote the node type are as follows:
TTJ - Tapered transition joint

{3) Break types are indicated as follows:
c - Circumferential

{4) Symbols used to denote the basis for break selection are as follows:
TE - Terminal end

lof1l
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FINAL LPCI INJECTION PIPING STRESS LEVELS

TABLE 3.6-22

AND PIPE BREARK DATA

Pipe Break

Stress
Stress Cumulative Limit
Node Node By EQ. 10 Usage 2.4 Sm Break
Point (1) Type(2) (ksi) Factor (ksi) Type({3)
Line 12"-DLA-014
80 TTJ 64.01 0.0335 42.48 C
25 TTI 36.81 0.0027 42.48 C
Line 12"-DLA-~015
180 TTJ 64.04 0.0334 42.48 C
125 TTJI 31.36 0.0014 42.48 C
Line 12"-DLA-055
49% TTJ 67.05 0.044 42.48 C
425 TTJ 28.96 0.00085 42.48 C
Line 12"-DLA-056
395 TTJ 67.98 0.0482 42.48 o}
338 EL 50.02 0.0022 42.48 C
325 TTJ 19.34 0.0001 42.48 c
393 EL 76.55 0.0465 42.48 C
1l of 2
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TABLE 3.6-22 (Cont)

(1) Locations of the nodes are shown in Figure 3.6-32

(2) Symbols used to denote the node type are as follows:
TTJ - Tapered transition joint
EL - Elbow

(3) Break types are indicated as follows:

C - Circumferential

(4) Symbols used to denote the basis for break selection are as follows:
TE - Terminal end
MBL - Intermediate break locations selected to satisfy
the requirements for a minimum number of break
locations where such locations are in the

proximity of welded attachments.

2 of 2
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TABLE 3.6-23

. FINAL CORE SPRAY INJECTION PIPING STRESS LEVELS
AND PIPE BREAK DATA

Pipe Break

Stress

Stress Cumulative Limit Basis for
Node Node By EQ. 10 Usage 2.4 Sm Break Break
Point (1) Type(2}) (ksi} Factor {ksi) Type(3) Selection{4)
Line 12" -~ DLA-001
150 RED 53.366 0.0327 42.48 (o] TE I
35 TTJ 25.073 0.0004 42 .48 C TE
Line 12" -~ DLA-023
140 RED 48.745 0.034 42.48 o] TE
35 TTJ 24.409 0.002 42.48 (o] TE

(1) Locations of the nodes are shown in Figure 3.6-33

{2) Symbols used to denote the node type are as follows:
TTJ -~ Tapered transition joint
RED - Reducer

(3) Break types are indicated as follows:
c - Circumferential

(4) Symbols used to denote the basis for break selection are as
follows:

TE ~ Terminal end

1 of 1
HCGS~UFSAR Revision 7

December 2%, 1995



TABLE 3.6-24

REACTOR VESSEL DRAIN PIPING STRESS LEVELS
! AND PIPE BREAK DATA

Shown as part of RWCU.

Refer to Table 3.6-10 and Figure 3.6-15.

lofl

HCGS -UFSAR Revision 0
April 11, 1988
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TABLE 3.6-25

THIS TABLE INTENTIONALLY DELETED
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TABLE 3.6-26

PDA VERIFICATION RESTRAINT DATA(1)

Pipe Rest Load Initial Effective Total
Size Direction 052) Limit Clearance Clearance Clearance
in. N¢2) Restraint(2) in. in, in,
12 0° ' 27,733 0.24 6.129 4 1.941 5.941
12 90° 14,795 0,401 9.063 4 12.247 16.247
16 0° 109,265 0.24 6.728 4 1.934 5.934
16 90° 62,599 0.377 8,978 4 12,187 16.187
24 0° 102,228 0.24 8.222 4 1.984 5.984
24 90° 55,531 0.375 11.972 4 13.685 17.685
24 38°(3) 109,888 0.24 5.588 4 5.698 9.698
24 52°(3) 109,835 0.24 5.473 4 8.462 12.462

(1) The restraint data listed applies to one bar of a restraint.
(2) g =, (Arestraint)¥
where F is the resistance force for one bar of a restraint and
where ( Arestraint) = ( §pipe) - total clearance
(3 Applies to restraint RCR 3 only. See Figure 3.6-38.
lof 1l
HCGS-UFSAR Revision 0

April 11, 1988



Break

Restraint
Designation{1) Designation{1}

RC1
J
RC2
LL

RC3
LL

RC3
Ly

RC4
LL

RC4
LL

RC4C
v

RCOA
v

RC7
J

RC8
LL

RCPC
v

RC9

LL
RC11A
RC12
RC13
RC16
RC14C

v

RC1
————f—L—L—‘.———.ﬂ——————‘

{1) Break designations and restraints designations are shown on

HCGS-UFSAR

RCR1
RCR1
RCR2
RCR2
RHR3
RCR3
RCR3
RCR3
RCRY7

RCR6
RCR7

RCR6
RCRS
RCR8
RCRY
RCR10
RCR11
RCR20

RCR20

No. of Bars
NSC

PDA
5
5

ol o0 O o

o~

8
8

S

5

8
8

= T T o I = )

o

8

8

TRBLE 3.6-27

COMPARISON OF PDA AND NSC CODE

Figure 3.6-38.

Restraint
Load (Kips) ~  Deflection (in.)
PDA NSC PDA NSC
803.2 788.3 6.57 7.926
T66.6  458.4 14.99  7.495
747.0  639.7 2.27 3.73
796.6  780.3 10.22 10.54
8466.0 838.4 8.2 8.05
1319.0 1073.9 5.43 4.2
1260.7 1275.0 4.49 5.58
928.5 722.5 1.22 1.77
953.3  B801.6 6.28 5.76
599.0 N/A 8.28 N/A
895.0 N/A 8.16 N/A
575.8 520.16 4.16 5.53
830.2  546.8 11.408 6.815
818.3  493.6 10.98 5.99
N/A 832.9  N/A 6.3
668.4 478.4 5.87 3.66
687.4  518.4 6.59 4.38
285.0 309.6 2.83 5.88
116.3 129.9 0.96 3.36

1 of 1

Fraction

of Design

Restraint Pipe

Deflection (%) Deflection (in.}
PDA NSC PDA NSC
79.93 96.4 17.72 15.58
125 62.6 35.83 24.52
27.65  45.35  17.16 20.11
85.4 88.1 41.48 43.0
92.95  97.98 18.87 16.43
99.23  76.85  23.28 17.25
80.37 99.89 22,56 18.73
22.46 31,7 23.68 95.39
76.4 70,12 16.46 21.63
64,2 N/A 26.76 N/R
68.2 N/A 29.316 N/A
50.63  67.33 13.2 16.56
95.29  56.9 36.612 26.24
91.72  50.07  31.404 23.71
N/A 76.9 N/A 15.7
93.5 58.39  13.37 10.44
105 69.86 15,37 10.22
46.3 95.92 15.45 13.96
10.5 371 22.12 23.56

Revision 7
December 29, 1995




TABLE 3.6-28

MODERATE ENERGY FLUID SYSTEM PIPING

Pressure Temperature
Fluid System (psig) (°F)
Demineralized Water 100 70
Condensate & Refueling 190 108
Water Storage & Refueling
Station Service Water 65 89 (2) (N
Safety Auxiliaries Cooling 110 95 (4}
Reactor Auxiliaries Cooling 110 95
Fire Protection 125 70
CRD Hydraulics 10 100
(Pump Suction Only)
Standby Liquid Control 10 80
{Pump Suction Only)
Reactor Core Isolation Cooling 50 120
(excluding the steam supply
line)(l)
Residual Heat Removal 125 120
Core Spray 125 120
Fuel Pool Cooling & 135 90
Torus Water Cleanup
High Pressure Coolant Injection 110 140
Chilled Water System - Reactor 65 60

Building and Drywell, and

Auxiliary Building Control Area

(1) Evaluated as a moderate energy line.
{2) 89°F maximum UHS Temperature permitted by Plant Technical Specifications
(3) 95°F System Design (Supply)

120°F System Design {(Discharge}

(4) 100°F maximum post-accident

lofl
HCGS~UFSAR Revision 11
November 24, 2000



TABLE 3.6-29

FINAL STARTING AIR PIPING STRESS LEVELS AND PIPE BREAK DATA

Total Pipe Break
Stress Stress Limit Basis for
Node Node EQ.9+EQ.10 0.8(1.28,+45,) Break Break
) () hoA (3)
Point Tvype ksi ksi Type Selection
Cc50 Sw 14.3 33.91 C TE
320 sw 13.7 33.91 C TE
450 SW 8.2 33.91 C TE
D50 sw 16.0 33.91 C TE

(1) Locations of the nodes are shown in Figure 3.6-3
(2) Symbols used to denote the node type are as follows:
SW - 8Socket weld
(3) Break types are indicated as follows:
c - Circumferential
(4) Symbols used to denote the basis for break selection are as
. "follows:

TE - Terminal end

l1ofl
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PR-73

PR-65

PR-41

»

26"-VLA-032

PR-45

10" HPC) -~

PR-74

26"-VLA-033

PR-42

PR-49

NOTES:

1. MS.LINEAISSIMILAR TOLINED
2. M.S.LINE B ISSIMILAR TO LINE C

3. @ -~ CIRCUMFERENTIAL BREAK

4, @ — TERMINAL END

5. PR ~ PIPE WHIP RESTRAINT

6. ®mmmmm -~ | OCATION OF WHIP RESTRAINT
7

8

— BUMPER TYPE RESTRAINT
X - BREAK LOCATION

PR-66
a E I LINEC
f
PR-53 »
! =
1113
o
D
PR.70 PR-50 o
Go o) || 5
o
O @ 2
o
//
() i ‘
©00 .
PR-54
PR-57
PR-58 —/ PR-68
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NOTES:

L

BREAKS, WHIP RESTRAINTS SHOWN
ARE ICAL OF ALL FOUR MAIN
STEAM LINES.

RS —PIPE WHIP RESTRAINT

3 @ — TERMINAL END

4.
&
[ 9
7
[ 8

[ §

~ CIACUMFERENTIAL BREAK

ame= ~ LOCATION OF PR
X —BREAK LOCATION
B~ BUMPER RESTRAINT
ALL WHIP RESTRAINT LOCATIONS
ARE TYPICAL FOR THE FOUR MAIN
STEAM LINES.

PIPING BEYOND THIS POINT

8 MODERATE ENERGY

BEYOND THIS POINT ARE ASSUMED

L P ~ BREAKS IN HIGH ENERGY PIPING

AT EVERY FITTING.

/ N Frve.oF o

FOR CONY. SEE FIG. 3827

\ {TYP.OF 4}
MS FLUED HEAD
Revision 12, May 3, 2002
Hope Creek Nuclear Generating Station
PSEG Nuclear, LLC MAIN STEAM PIPING ISOMETRIC
(PORTION OUTSIDE PRIMARY
HOPE CREEK NUCLEAR GENERATING STATION CONTAINMENT)

Updated FSAR Fiqgure 3.6-3

(D 2000 PSEG Nuclear. LLC. Al Rights Reserved.
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A= 623.5 Ft2
C=08
L/A = 0,0004/Ft

A

ATMOSPHERE

®

2154 Ft2
C..

[ L/A= Odlth

BOP ’
@PpP = 1 PSIG

A=8179 Ft2

C=0.69
L/A = 0.028/Ft
V = 86,712 Ft3 ' ol V=854940 Ft3
)
®
A = 109.0 Ft2 A = 10000 Ft2
C=0.68 < C=1.0
L/A =0.077/Ft L/A = 0.0001/Ft
V =6,103 Ft3 A= 120 Fe2 [ ATMOSPHERE
C=0.6
@ L/A=0 099/Ft

A =172.24 Ft2
C=0.89
L/A = 0097/&

A =120 Ft2

V =4,618 Ft3
MSL BREAK

L/A=0. '106/ Ft

A = 365.6 Ft2
C=0.85
L/A = 0.0026/Ft

C 070
V = 24,204 Ft3

@ POINT 8

A= 139,26 Ft2
C=0.82
L/A = 0.094/Ft-

V = 5,249 Ft3

@

A =220.3 Ft2
C=0.76
L/A = 0.210/Ft

1 -t

®

ATMOSPHERE

=213.8 Ft2
C =091
L/A = 0.01/Ft

V = 39,532 Ft3 Y { v=2643Ft3
— >
@ A= 237.5 Ft2 @
C=0.80
L/A = 0.020/Ft

Vv=6912 Ft3

©

V = 25,736 Ft3

GESaEaEAADPEP SRS RESANANRASE AR

ISOLATED FROM THE REST OF
TUNNEL BY VENTILATION BARRIER.
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BAR

RESTRAINT _.
FRAME

\ —t
S S S S S S SSSSSSSSSSSSSSSSSSSSS

{8} Load Applied Perpendicular to Restraint Base Against Cables

BAR

RESTRAINT
FRAME

N\ =7

T T T T

{b} Load Applied Parallel to Frame Bnse Against One Side of Restraint Frame
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TYPICAL RECIRCULATION SYSTEM
PIPE WHIP RESTRAINT
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PR-2

20" RHR CONN,

LOOP B ONLY

~

PR-27

PR-28

PR-7

28" viD)ycaon

¢ 8P-201

, 28"-V(DICAO14 ,

"]

PR-3

PR-4

PR-13

T\

PR-22

12 RHR CONN,

P
S~ PR-21

(AE SUPPLIED)

NOTE:

FIGURE SHOWN IS LOOP B.
LOOP A SAME AS LOOP B UNLESS SPECIFIED

INDICATES WHIP RESTRAINT
IDENTIFICATION

C- CIRCUMFERENTIAL BREAK

TE - TERMINAL END

X - BREAK LOCATION

PIPE WHIP RESTRAINTS PR 21,22,27, AND 28 ON
LOOPS A AND B ARE INACTIVE.
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AE-038-DLA 12"

PR—206

AE-035-DLA—-12" ¥

(SEE NOTE 11)

$ X 180

PR-196

St 178
PR-185

PP
3646

PR-—199

PR-200 (-

PR-198

PR-194

PR-210

PR—208

255 1 S

PR-203

I PR-189

PR—-187

PR-186

s Y 108

-+—— PR—-192

PR—-193

60

PR—-188

Voo4

PR-191

D00

AE—-035-DLA-2¢’

-AE-035-DLA-24"

NOTES:
1. FW LINE AE-036 IS SIMILAR TO LINE AE-035
2. @ CIRCUMFERENTIAL BREAK

@ LONGITUDINAL BREAK

(::, TERMINAL END

PR PIPE WHIP RESTRAINT
— LOCATION OF PR

% BUMPER TYPE RESTRAINT

A ANCHOR
9. X BREAK LOCATION

10. @ SLOT BREAK, DEFINED AS A LONGITUDINAL
BREAK IN THE RUN PIPING WiTH FLOW AREA
EQUAL TO THE CROSS SECTIONAL AREA OF
THE WELDED ATTACHMENT. :

L

N o e &

11. LOCATED ON AE-036-DLA-12” ONLY WITH FLOW AREA
EQUAL TO CROSS-SECTIONAL AREA BASED ON INSIDE
DIAMETER OF BRANCH PIPE,
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NOTES:

1. NODE POINTS AND

(2"-DBA-110) ARE PART OF THE
REACTOR VESSEL DRAIN.

(c) -cIRcUMFERENTIAL BREAK
(TE) - TERMINAL END

PR — PIPE WHIP RESTRAINT

awess — LOCATION OF WHIP
RESTRAINT

L

6. .—§ — BUMPER TYPE RESTRAINT

~

A - ANCHOR
8. X — BREAK LOCATION

9. - PIPING BEYOND THIS POINT
IS 1 NOMINAL DIAMETER

10. - PIPING BEYOND THIS POINT
IS MODERATE ENERGY

1) B @ — LONGITUDINAL BREAK
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NOTES:

1.
2.

> w

™ o

0

~

1,

12.

@ ~ CIRCUMFERENTIAL BREAK
(TE) - TERMINAL END BREAK

R — PIPE WHIP RESTRAINT
waes _ | OCATION OF WHIP RESTRAINT
=-§ — BUMPER TYPE RESTRAINT

A -~ ANCHOR

@— DENQTES ROOM NUMBER

X  —PIPE BREAK LOCATION

PIPING BEYOND THIS POINT
IS 1 NOMINAL DIAMETER

PIPING BEYOND THIS POINT
1S MODERATE ENERGY

Y Y

PIPING BEYOND THIS POINT
HAS BREAKS AT EVERY FITTING

% sk — SHIMMING NOT REQUIRED PER
DELETION OF ARBITRARY
INTERMEDIATE BREAKS

<:~‘?>°A
FOR CONT. - R-15
SEE FiG.36-15 9 ¥
~ TE IAiw
~ 50
DN CIASAE
& $?&?~\.\(z
HV-FO0G4 =
"0
R-17
R.16 | £
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4505
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}
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/'J 4]
Jesiy
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- EEE)

?_ REACTOR
WATER
CLEAN-UP
PUMP 18BP-221

GQQ”" - BG-006-DBC-3"

HV-F039

"\ FOR CONT.
SEE FiG. 3.6-14
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NOTES:
SEE SHT. 1 FOR NOTES

; CONT. ON SHT. 3

CLEAN UP FILTER
DEMINELARIZER
1AF203

- CLEAN-UP FILTER

DEMINERALIZER
18F203
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NOTES:
SEE SHEET 1 FOR NOTES
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FOR CONT. SEE SHT. 2
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A=17312, hinga panels

L/A=0.97/
C=091

Ap=0270

NOTES:

|
RWCU Heat Ex @I
Rm 4506

/N

A=35M2
UA= 092/t
=082

RWCU Filter
Demingralizas
Rm 4621

B 1621t
V= 110012

A=17262

LA =022/
C=063

£l 1451
- 10,300 W@

RWCU Filter
Deminera!a«

A=19812

L/Aw=0,18M
{=083

E; 162!‘!
¥ = 1,1000°
AndGR2
WA=0.22/Mt
C=082

A=B42f2 A=48012
YA=0071 LA =0.16M
C=084 ¢y - =082
Co- 7=086
Rm 43 @
RE'K: macrme HPG'FW ® Chase
B vop o A
V = 4,000 V- 3500
‘ A=2TTR AmT2E2 A=630
Steam Vent LA=003M UA=0.10R UA=0.13M
133251t Ca=10=091 Gg- 10=089 Cra-10=0%0
V- 1oam Cio- =082 Crom pm042 Cio~ 1a= 082
i |
LRt
V= erist? P
R 3409 V = 1400047
A=2ion2
VA=0.36M
Cm0.62
——
5‘7574 " Torus Chamber Compartment
Rm4102 V= 48x1053
1 Bop } Bop | eop | BOP@0.25psig
@ @ Typ. ol Intesnal Panels
RHA Pump and HPCI Pum ROIC RHR
Bxfm Rmuﬂp _/_é) mﬁ"’é“"& mm
B54M B 54t £ 540
¥ = 37,000 fi® v-as.ooon“ V = 18,0001 V = 37,000 i°
A=dsat? A=ipan? A=105M12 A=4B402
LA=01/M LA=033M
C=082 C=082

A CASE 1, A CASE 2, etc.

1. The volumes shown on this figure have been reduced by
the volume of equipment as estimated on Sheet 13.

2. Room 4329 has no high-energy lines and is conservatively
neglected,

3. C is same in both directions unless noted otherwise.
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4. =m - LOCATION OF PR
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7. X ~ BREAK LOCATION
8. %k %k - SHIMMING NOT REQUIRED PER DELETION OF

ARBITRARY iINTERMEDIATE BREAKS

+4—-—-- PR-80

PR-82

PR-81

e "\ 2 @

PR-85

FO NO32

% PR-88

PR-89

REVISION 0
APRIL 11, 1988

PUBLIC SERVICE ELECTRIC AND GAS COMPANY
HOPE CREEK NUCLEAR GENERATING STATION

HPC) STEAM SUPPLY PIPING
ISOMETRIC (PORTION INSIDE
PRIMARY CONTAINMENT)

UPDATED FSAR FIGURE 3.6-18




R1
4327 NOTES:
3
N R2 “ﬁ’/ poyy 1. (T TERMINAL END
N L 2. X  BREAK LOCATION
, HV-F003
4102 {v002} 3. ROOM NUMBER
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COMPARTMENT PRESSURE VS. TIME

N
]
R A
o
.1 L
)
? 4
[=
©
-
7
[ —
T °©
RN - - R BN N
ND KN T © © © © 7 00 0 n v < <
- e - Lol o o Lol o . -— - e

(visd) 3xNSSAd

PUBLIC SERVICE ELECTRIC AND BAS COMPANY
HOPE CREEK GENERATING STATION

PRESSURE TRANSIENT ANALYSIS
FOR A HPC!I STEAM SUPPLY LINE
BREAK IN THE HPCI PUMP ROOM

UPDATED FSAR
REVISION 1, APRIL 11, 1989 FIGURE 3.6-20




COMPARTMENT TEMPERATURE VS. TIME
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