
TABLE 3.5-1

CONTROL ROD DRIVE MECHANISM HOUSING PLUG

MISSILE CHARACTERISTICS

Plug Weight: 11 pounds

Plug O.D.: 2.75 inches

Travel,
ft

Velocity,
ft/sec

Kinetic Energy,
lb-ft

1

2

240

335,
370

415

440

9,750

19,000

23,300

29,200

33,000



TABLE 3.5-2

CONTROL ROD DRIVE SHAFT —MISSILE CHARACTERISTICS

Diameter = 1.75 inches

Length = 300 inches

Weight = 120 pounds

Drive Shaft Travel
Outside Housing*,

Drive Shaft

Velocity,
ft/sec

Drive Shaft
Kinetic Energy,

lb-ft

4

151

162

171

179

189

42,900

49,000

55,000

605200

66,500

* Distance from top of rod travel housing to bottom of missile shield.



TABLE 3.5-3

CONTROL ROD DRIVE SHAFT AND MECHANISM —MISSILE CHARACTERISTICS

Missile Weight: 1500 pounds

Impact O.D.: 3.75 inches

Travel, Velocity,
ft/sec

Kinetic Energy,
lb-ft

3

4

5

240

335

370

415

440

9,750

19,000

23,300

29,200

33,000



TABLE 3.5-4

/
VALVE — MISSILE CHARACTERISTICS

Missile Descri tion

Flow

Weight, Discharge Thrust Impact Wt. to Imp. Velocity
2 2 2

lb Area in. Area An. Area An. Area Ratio FPS

Safety Relief Valve Bonnet,

(3 in. x 6 in. x 6 in.) 350 2. 86 80 24 14.6 110

3 in. Motor Operated Isolation
Valve Bonnet (plus motor and

stem) (3 in.) 400 5.5 113 28 14. 1 135

2 in. Air Operated Relief
Valve Bonnet (plus stem) 75 1.8 20 20 3. 75 115

3 in. Air Operated Spray

Valve Bonnet (plus stem) 120 5.5 50 50 2.4 190

4 in. Air Operated Spray

Valve Bonnet 200 9.3 50 50 4.0 190



TABLE 3.5-5

PIPING TEMPERATURE ELEMENT ASSEMBLY —MISSILE CHARACTERISTICS

1. For a tear around the weld between the boss and the pipe:

Characteristics "without well" "with well"

2
Flow Discharge Area, in.
Thrust Area, in. 2

Missile Weight, lb
2

Area of Impact, in.

0.11

7.1
11.0

3. 14

0.60

9.6
15.2

3. 14

)~ psiImpact Area
3.5 4.84

Velocity, fps 20.0 120.0

2. For a tear at the )unction between the temperature element assembly

and the boss for the "without well" element and at the junction,
between the boss and the well for the "with well" element:

Characteristics "without well" "with well"

2
Flow Discharge Area, in.

2Thrust Area, in.
Missile Weight, lb

2
Area of Impact, in.

0.11
3. 14

4.0
3. 14

0.60

3.14

6.1
3. 14

psiImpact Area
l. 27 1.94

Velocity, fps 75.0 120.0



TABLE 3.5-6

CHARACTERISTICS OF OTHER MISSILES

POSTULATED WITHIN REACTOR CONTAINMENT

Reactor Coolant Pump Instrument Wall Pressurizer
Tem erature Element of Pressurizer Heaters

Weight, lb
2Discharge Area, in.

~ 2Thrust Area, in.
2Impact Area, in.

0. 25

0. 50

0.50

0.. 50

5.5
0.442

1. 35

1.35

15.0

0.80
2.4

2.4

Impact Area ps 0.5 4.1 6.25

Velocity, fps 260.0 100.0 55.0



TABLE 3.5-7

BUILDING DESIGN DATA USED IN TURBINE MISSILE IMPACT ANALYSIS

BARRIER THICKNESS MATERIAL
LARGEST IMPACT
ANGLE (MEASURED
FROM SURFACE)

Fuel Handling-
Building Roof
(Composite Roof)

0.5 in.
2.0 in.
0.125 in.

Celotex Board
Zonolite (light weight concrete)
Metal Decking

90

Auxiliary Bldg.
Roof (varioixs
locations)

40 in.
33

in'8

in.

Concrete (Area H, El. 163'-4")
Concrete (Area K, El. 140'-0")
Concrete (Vent. Room Area K, El. 165'-10")

90

Control Room North
and South wall

36 in. Concrete 25

Auxiliary Bldg. North
and South wall 36 in. Concrete 22

Turbine Bldg.
deck 8 El. 140'-0" 12 in. Concrete

90

Containment Side
El. 140'-0"

44 in. Concrete and 0.25 in. steel liner (Heavily 900
reinforced with woven $18 reinforcing Bar)

Top of Containment 30 in. Concrete and 0.25 in. steel liner (Heavily o
reinforced with woven 018 reinforcing Bar)

(February 1974) Amendment 4
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3.6 CRITERIA FOR PROTECTION AGAINST DYNAMIC EFFECTS ASSOCXATED WITH A

POSTULATED RUPTURE OF PIPING

Special measures'have been taken in the design and construction of the plant"
to protect the public against the consequences of dynamic effects associated
with postulated piping ruptures both inside and outside the containment. The

containment and all essential equipment inside and outside the containment,

particularly components of the'eactor coolant pressure boundary and other
safety related components, are protected against the effects of blowdown jet,
reactive forces, and pipe whip resulting from the postulated rupture of piping.
This section presents -the criteria, which have been established for the Diablo
Canyon plant, for protection against these dynamic effects.

The design loading combinations, the design condition categories (normal,

upset, emergency and faulted), and design stress limits, applied to com-

ponents, supports and pipe whip restraints of essential Design Class I
components and piping of fluid systems within the Containment are described

in Seqtions 3.9 and 5.2. Section 5.2 adresses Class A components while
Section 3.9 addresses the remaining components. A discussion of potential
missiles is presented in Section 3.5.

3.6.1 GENERAL CRITERXA

General Criteria Pi in Xnside Containment

The following general criteria and discussion apply to the primary reactor
coolant loop piping described in Subsection 3.6.2 and to the other piping
in the Containment described in Subsection 3.6.3.

Engineered safety features are provided for c'ore cooling and boration, pressure

reduction, and activity confinement in the event of a loss of reactor coolant
or steam or feedwater line break accident to assure that the public is pro-
tected in accordance with 10 CFR 100 guidelines. These safety systems have

been designed to provide protection for a Reactor Coolant System pipe rupture
of a size up to and including a double ended severance of a Reactor Coolant

System main loop.

(February 1974) 3.6-1 Amendment 3



In order to assure the continued integrity of the vital components and.the

engineered safety systems, consideration is given to the consequential effects

of the pipe break itself in order to meet the following criteria:

l. The minimum performance capabilities of the engineered safety systems

must not be reduced below that required to protect against the postulated

break-

2. The containment leaktightness must not be decreased below the design

value, if the break leads to a loss of reactor coolant;* and

3. A Reactor Coolant System pipe break must not cause a steam-feedwater

system pipe break and vice versa.

The fluid discharge from ruptured piping would produce reaction and thrust

forces in the piping systems. The effects of these forces have been con-

sidered in assuring that the general criteria and performance of engineered

safety systems are satisfied.

The piping connections to the primary reactor coolant loops fall into the

, general categories illustrated in Figure 3.6-1. These categories are de-

fined by the direction of flow to or from the primary reactor coolant loops

and by the associated valve configuration. A. rupture of these lines con-

ceivably could cause uncontrolled loss of reactor coolant depending on the

precise location of the break and the line configuration.

In establishing the dynamic effects criteria, uncontrolled loss of reactor

coolant is assumed to occur for a pipe break outto the restraint of the second,

normally open, automatic isolation valve ( Case II, Figure 3.6-1) on out-

going lines and out to and including the second check valve on incoming lines
normally with flow (Case III, Figure 3.6-1). It is assumed that motion of the

unsupported line containing the isolation valves could cause functional failure
of the operators of both valves. A pipe break beyond the restraint or

*The containment is defined here as the containment structure liner and

penetrations, and the steam generator shell, the steam generator steam side

instrumentation connections, the steam feedwater, blowdown and steam genera-

tor drain pipes within the containment structure

(February 1974) 3.6-2 Amendment 3



second check valve will not result in an uncontrolled loss of reactor coolant

if either of the two valves in the line closes. Accordingly, both of the

automatic isolation valves must be suitably protected and restrained as close

to the valves as possible so that a pipe break beyond the restraint will not

jeopardize the integrity and operability of the valves. Further, frequent

testing of the capability of the valves to perform their intended function is
essential. This criterion takes credit for only one of the two valves per-

forming its intended function. For normally closed isolation or incoming

check valves (Cases I and IV, Figure 3.6-1), uncontrolled loss of reactor
coolant is assumed to occur for pipe breaks on the reactor side of the valve.

It is assumed that a break of the piping associated with Engineered Safety
Features does not occur during the injection phase following a loss of
coolant. During the recirculation phase, a leak or equivalent break result-
ing in a maximum flow of 50 gpm is assumed to be credible.. This value is
based on the flow that would result from the complete failure of a residual
heat removal pump seal. Therefore, special provisions for protection against
the dynamic effects resulting from pipe rupture are not made for the systems

in operation during the injection and recirculation phase following a LOCA.

Breaks are postulated at points of high fatigue or points of high primary

plus secondary stress for normal and upset operating conditions.

The piping of the reactor coolant loops was designed to ANSI B31.1. Design

was completed prior to both the issuance of Regulatory Guide 1.46 and the

nuclear piping codes B31.7 and ASME III to which the break criteria of the

recent Westinghouse report WCAP-8082 — specifically apply. Consequently,(4)

these documents were not available when the discrete break locations for the

reactor coolant loop (RCL) were determined. However, a comparison of the

postulated break locations for the RCL and those of WCAP-8082 shows that the

break locations are similar.

(May 1974) 3.6-3 Amendment 8
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The breaks in the hot and cold legs were placed in the straight run outside
of the primary shield wall. These circumferential breaks were chosen so as

to allow full double-ended pipe separation and full discharge flow rather
than limited area breaks and limited flow which would be obtained from a

break inside the shield wall or. at the reactor vessel nozzles. These RCL

break locations were chosen for the analysis since they would result in
conservative dynamic forcing functions and conservative resultant system

stresses. The criteria used to determine the break locations on the RCL

provide equivalent conservatism and result in equivalent protection to the

criteria of Regulatory Guide 1.46.

General Criteria — Pi in Outside Containment

The criteria which apply to the evaluation of the dynamic effects associated

with postulated pipe rupture outside the containment are in accordance with
those given in Mr. Giambusso's letter of, December 18, 1972 on this subject.

(May 1974) 3.6-3b Amendment 8



3.6.2 SPECIFIC CRITERIA -'RIORY REACTOR COOLANT PIPING

Locations Elhere Desi n Basis Pi in Breaks are Postulated to Occur

To insure integrity and design adequacy of the primary reactor coolant loop

piping and equipment supports system in the event of a highly improbable

pipe rupture accident, a number of pipe rupture break locations are postulated.
The primary reactor coolant loop has been analyzed for the design pipe breaks

listed in this Subsection and shown on Figure 3.6-4. These discrete break

locations and types were determined by an engineering approach which employs,

as its basis, stress and fatigue analyses, system considerations, operational
characteristics, and loading conditions. The dynamic analyses of the primary
reactor coolant loop piping and equipment supports system for each of these
break locations assure that public health and safety will be adequately protected.

Location and T e of Postulated Primar Coolant Loo Failure

1. Straight portion of hot leg piping - guillotine
2. Straight portion of cold leg piping — guillotine
3. Steam generator inlet nozzle — guillotine
4. Steam generator outlet nozzle — guillotine
5. Reactor coolant pump inlet nozzle - guillotine

06. 50 elbow — split
07. Flow entrance to the 90 elbow - guillotine

8. RHR primary loop connection - guillotine
9. Safety injection/primary coolant loop connection — guillotine

10. Pressurizer surge/primary coolant loop connection — guillotine
ll. Loop closure weld in crossover leg — guillotine

The break area for both guillotine and longitudinal breaks can be assumed to be
less than the cross sectional area of the pipe when analytically or experimen-
tally substantiated. In the absence of this data, the break area is the cross
sectional area of the pipe. The break length for the longitudinal breaks is
considered to be equal to two'pipe diameters. For the breaks listed in this
subsection and shown on Figure 3.6-4, the break area is conservatively assumed
to be the cross sectional area of the pipe.

3.6-4
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Thrust-Time Relationsh~i

The blowdown forces caused by a rupture of a primary reactor coolant loop
pipe include the specific jet thrust at.,the break location and the inter-
nal hydraulic forces resulting from the acceleration of the fluid within
the broken and unbroken loops.

Hydraulic forcing functions are claculated for the ruptured and intact
reactor coolant loops as a result of a postulated LOCA. These forces
result from the transient flow and pressure histories in the Reactor Cool-

ant System. The calculation is performed in two steps. The first step is
to calculate the transient pressure, mass .flow rates and thexmodynamic

properties as a function of time. In the second step the results obtained

from the hydraulic analysis, along with input of areas and direction.coor-
dinates,are used to calculate the time history'of forces at appropriate
locations in the reactor coolant loops.

The analysis is performed on integrated analytical models including the
steam generator and reactor coolant pump, the associated supports and re--

straints,and the attached piping. An elastic-dynamic three-dimensional
model of the reactor, coolant loop is constructed. The boundary of the
analytical model is, in general, the interface between the foundation

con-,'rete

and the support structure. The deformation of the reinforced concrete
foundation supports is considered where applicable to the reactor coolant
loop model.

The steps in the analytical method are:

1. The initial deflected position of the reactor coolant loop
model is defined by applying the initial steady state con-

dition of the unbroken reactor coolant loop model.

2. Natural frequencies and normal modes of the broken loop
are determined.

(February 1974) 3. 6-5 Amendment 3



3. The initial deflection, natural frequencies, normal modes,

and time-history forcing functions are used to determine the time-

history forcing dynamic deflection response of the lumped masp

representation of the reactor coolant loop.

4. The forces imposed upon the equipment supports and restraints
by the loop are obtained by multiplying the support stiffness
matrix and the time history of displacement vector at the support

point.

5. The time-history dynamic deflections at mass points are treated
as an imposed deflection condition on the ruptured loop reactor
coolant loop model and internal forces, deflections, and stresses

at each end of the members on the reactor coolant loop piping
systems are computed.

The results are used to verify the adequacy of the piping, equipment supports
and restraints.

The hydraulic model represents the behavior of the coolant fluid within the

entire Reactor Coolant System. Key parameters, calculated by the hydraulic
model are pressure, mass f$ow rate and density. These parameters are sup-

plied to the thrust calculation, together with appropriate plant layout in-
formation to determine the time-dependent loads exerted by the fluid on the

loops. In evaluating the hydraulic forcing functions during a postulated
LOCA, the pressure and momentum flux terms are dominant. The inertia and

gravitational terms are taken into account in evaluation of the local fluid
conditions in the hydraulic model.

The blowdown hydraulic analysis provides the basic information concerning
the dynamic behavior of the reactor core environment for the loop forces,
reactor kinetics and core cooling analysis. This analysis requires the
ability to predict the flow, quality and pressure of the fluid throughout the
reactor system. The SATAN-V code was developed with a capability to provide
this information.

(February 1974) 3.6-6 Amendment 3



The SATAN-V computer code performs a comprehensive space-time dependent

analysis of a loss-of-coolant accident and is designed to treat all phaseS

of the blowdown. The stages are: a) a subcooled stage where the rapidly

changing pressure gradients in the subcooled fluid exert an influence upon

the Reactor Coolant System internals and support structures, b) a two-

phase depressurization stage and c) a saturated stage.

The code employs a one-dimensional analysis in which the entire Reactor

Coolant System is divided into control volumen. The fluid properties

are considered uniform and thermodynamic equilibrium is assumed in each

element. Pump characteristics, pump coastdown and cavitation, core and

steam generator heat transfer including the W-3 DNB correlation, in
addition to the reactor kinetics, are incorporated in the code. The SATAN-

V code is described in Subsection 15.4.1.

The blowdown hydraulic loads on primary loop components are computed from

the following equation:

F = 144A OP-14.7) + ( )]
144@ gA

'

which includes both the st'atic and dynamic effects. The symbols and

units are:

iA =
m

Force, lb
2Aperture area, ft

System pressure, psia
Mass flow rate, lb/sec

3Density, lb /ft
m 2Gravitational onstant = 32.174 ft/sec

2
Mass flow area, ft

In the model to compute forcing functions, the main reactor coolant loop

system is represented by a similar model as employed in the blowdown analysis.

The entire loop layout is described in a global coordinate system. Each

node is fully described by: a) blowdown hydraulic information and b) the

orientation of the steam3:ines of the force nodes in the system, which includes

(February 1974) 3.6-7 Amendment 3



flow areas and projection coefficients along the three axes of the global

coordinate system. Each node is modeled as a separate control volume with

one or two flow apertures associated with it. Two apertures are used to

simulate a change in flow direction and area. Each force is divided into its
x, y and x components using the projection coefficients. The force components

are then summed over the total number of apertures in any one node

to give a total x force, total y force and total z force. These thrust forces

serve as input to the piping/restraint dynamic analysis.

The dynamic analysis of reactor coolant loops employs displacement method,

lumped parameter, stiffness matrix formulation and assumes that all com-

ponents behave in linear elastic manner.

Thrust calculations are made at each of these nodes using the STHRUST

computer code.

Load Combinations and Allowable Stresses

A dynamic analysis is performed on the reactor coolant loop/support sys-

tern for the pipe break cases discussed above to determine component and

component support loadings. As described in Section 5.2, these loadings

are combined with seismic and other loadings and the associated stresses

are held within faulted condition limits.

E i ments Su rt Criteria

It is essential that the ecyipment support structures (reactor pressure

vessel, steam generator and reactor coolant pump) be protected from the

impact of large whipping pipes or be designed to resist such impact. This

protection is accomplished by separation of equipment and piping, or by

providing pipe restraints to prevent the formation of a plastic hinge

mechanism. If any branch pipes are supported from ecpxipment support struc-

tures, the reaction force resulting from a rupture of these lines is con-

sidered in designing the ecpxipment supports. Small pipes are assumed to

cause no significant damage to ecpxipment supports.

(February 1974) 3.6-8 Amendment 3



In order to achieve an adequate primary reactor coolant loop design, the

equipment support structures must be designed to prevent both uplift and

overturning of the equipment under the action of normal and abnormal forces.

Reactor Vessel

The reactor vessel support structure is designed to resist thrusts that are

considered to originate from the following two sources: a) the reactions of
the blowdown forces in the primary reactor coolant loop piping which are

eventually transmitted to the reactor nozzles, and b) the forces within the

reactor pressure vessel shell acting on the reactor internals and shell wall.

The superposition of these effects, in time-history form, permits accurate

determination of the loads transmitted to the reactor vessel support struc-
ture. The design and details of the reactor vessel support structure are

further discussed in Subsection 5.5.14.

Steam Generator

'The steam generators are supported in a manner that allows for thermal

expansion of the equipment from cold to operating condition. In addition,
the rupture of the steam side of a steam generator, as well as rupture of

I

steam, feedwater, blowdown and instrument piping as a result of thrust forces

created by the rupture of a primary reactor coolant loop pipe, is prevented.

The'steam generators are also supported in a manner that prevents rupture
of a primary reactor coolant loop pipe as a result of thrust forces created

by the rupture of a steam or feedwater line.

Guides and restraints are employed, where required, to limit the motion of
the steam generators under the reaction forces that result from a primary

reactor coolant loop pipe break, to a distance that is compatible with the

flexibilityof the steam and feedwater piping. Also, the motion of the

steam generators, under the reaction forces due to a steam or feedwater .

pipe break, is limited to a distance that is compatible with the flexibility
of the primary reactor coolant piping. The design and.details of the steam

generator support structures are further discussed in Subsection 5.5.14.

3.6-9 '



Reactor Coolant Pum s

Each reactor coolant pump is supported in a manner that would limit its
displacement short of the primary shield, secondary shield, the steam gen--
erator,e steam generator supports, equipment and piping in adjacent loops, and
the hot leg of the affected loop as a"result of "a rupture occurring in either
the pump. suction or discharge piping. The design and details of the reactor
coolant pump support structures are further discussed in Subsection 5.5.14.

Jet D amic Force

A jet dynamic force will result from any of the pipe breaks postulated above.
The force, caused by the momentum change of fluid flowing through the break,
is a function of the upstream fluid conditions, fluid enthalpy, source pres-
sure, pipe flow restrictions, .friction and dimensions. Structural barriers
and physical separation by plant layout have been used in the design to limit
the effects of impingement. Where necessary, the get forces resulting from
the pipe break have been computed using the following method:

Jet dynamic forces on structures are calculated as:

(Reference 2)

A = cross-sectional area of pipe

F C (1.26 PA)

Where: F ~ jet dynamic force acting on a structure

C~
~ factor to account for the dynamic nature of the load. In

determining the value of C , inelastic behavior is assumed.
P ~ system operating pressure

The above loads were considered in the structural design.

3.6.3 SPECIFIC CRITERIA — OTHER PIPING INSIDE CONTAINMENT

The containment and all essential equipment within the containment, partic-
ularly components of the reactor coolant pressure boundary and other safety
related components, have been protected against the effects of pipe whip,

Amendment 30 3.6-10 (July 1975)



resulting from postulated rupture of piping. The criteria for locating and

minimizing these effects are described in this Section.

S stems in Which Desi n Basis Pi in Breaks are Postulated to Occur — Pi in

Inside Containment

The following systems (in addition to the primary. coolant loops discussed in
the previous section), have been evaluated with regard to the dynamic effects

associated with a ruptured pipe:
l. Reactor Coolant System

a. Pressurizer Surge Line

b, Pressurizer Spray Line

c. Pressurizer Relief and Safety Valve Lines

d. Remote Temperature Detector Bypass Lines

e. Drains

2. Chemical and Volume Control System <

a. Charging Line and Auxiliary Spray Line

b. Reactor Coolant Pumps Seal Water Injection
c. Letdown Line

d. Excess Letdown Line

e. Reactor Coolant Pumps — Seal Vent and Leakoff

3. Safety Injection System

a. Accumulator Injection Lines

b. Safety Injection Lines

4. Residual Heat Removal System

a. Residual Heat Removal Supply

b. Residual Heat Removal Return (Accumulator Injection)

5. Turbine Steam Supply System

a. Main Steam Lines

b. Feedwater Lines

c. Steam Generator Blowdown and Drain Lines

Criteria for Protection of En ineered Safe uard Features — Pi in Inside

Containment

In addition to the three criteria on the consequential effects of the pipe

(February 1974) 3.6-11 Amendment 3



break itself, as given in Section 3.6.1, propagation of damage must be

limited in type and/or degree as follows:

4. A pipe break which is not a loss of reactor coolant must not cause a

loss of reactor coolant or steam or feedwater line break.

5. Branch lines connect'ed to the Reactor Coolant System are defined as

"large" if they have an inside diameter greater than 4 inches (up to

the largest connecting line, which is the pressurizer surge line.)
Rupture of these lines results in a rapid blowdown from the Reactor

Coolant System, and protection is basically provided by the accumu-

lators and the low head safety injection pumps (residual heat removal

pumps) .

t7

In addition to the above (1 through 4), large piping must be restrained
so that:
a. Propagation of the break to the unaffected loops is

prevented to assure the delivery capacity of the accu-

mulators and low head pumps.

b. Propagation of the break in the affected loop is permitted to
occur but must not exceed 20 percent of the area of the line which

initially ruptured. This cr'iterion has been voluntarily applied
so as not to substantially increase the severity of the loss of
coolant.

6. Branch lines connected to the Reactor Coolant System are defined as

"small" if they have an inside diameter equal to or less than 4 inches.

Westinghouse Nuclear Energy System tests have demonstrated that lines

hitting equal or larger size lines of the same schedule will not cause

failure of the line being hit, e.g., failure of a 1-inch line will not

cause subsequent failure of a 1-inch or larger size line. The reverse,

~ however, is assumed to be probable; i.e., a 4-inch line, should it fail
and whip as a result of the fluid discharged. through the break, is assumed

to cause failure of smaller lines such as neighboring 3-inch or 2-inch

lines. In this case, the total break area must be limited to less than

12.5 square inches.
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In the unlikely event that one of the small pressurized lines should
fail and result in a loss of coolant accident, the piping is re-
strained or arranged to meet the following requirements in addition to
(1 through 4)above.

a. Break propagation must be limited to the affected leg; i.e.
propagation to the other leg of the affected loop and to
the other loops must be prevented.

b. Propagation of the break in the affected leg is permitted
but must be limited to a total break area of 12.5 square

inches (4-inch inside diameter). The exception to this
case is when the initiating small break is the high head

safety injection line. Further propagation must not be

permitted for this case.

c. Damage to the high-head safety injection lines connected

to the other leg of the affected loop or to the other loops
must be prevented.

d. Propagation of the break to high-head safety injection lines
connected to the affected leg must be prevented if the line
break results in a loss of core cooling capability due to
a spilling injection line.

As stated above, a small pipe break in one of the legs of a given loop
must not cause a break in the opposite leg of the same loop or in other
loops. A rupture of the resistance temperature detector (RTD) bypass loop
would constitute an exception to this criterion. If a break occurs at
any location in the RTD bypass, however, the resulting blowdown, because

of the relatively high flow resistance in the line, is less severe than
from a rupture directly adjacent to the reactor coolant pip'e. Safety
injection capacity for this case is provided by the high-head conn-

ections.

7. Restraint on the lines are necessary in order to prevent impact on and

subsequent damage to the neighboring equipment or piping. Restraint type
and spacing must be chosen such that a plastic hinge (unrestrained ro-
tation) on the pipe at the two support points closest to the break will
not be formed.

Pipes are allowed to form plastic hinges in areas or arrangements where:

a. Whipping free sections cannot reach equipment or other pipes for
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which protection is required, or

b. protective barriers prevent the whipping pipe from impacting on

components or pipes requiring protection or
'.

the internal energy of the pipe is insufficient to impair the

function of any equipment or structure, i.e., the design temp-
0erature is less than 200 F and the design pressure is below

275 psi

Use of Pi in Routin to Minimize Restraints — Pi in Inside Containment

The piping is routed so that whipping of two free sections cannot reach equip-

ment or other pipes for which protection is required. Barriers are utilized,
where available, to prevent the whipping pipe from impacting on equipment or

piping requiring protection. For example, the crane wall, operating floor,
and refueling cavity walls serve as barriers between the reactor coolant loops

and the containment liner. Except for Emergency Core Cooling System lines at-

tached to main reactor coolant loops, the engineered safety features are located

outside of the crane wall. The Emergency Core Cooling System lines that
penetrate the crane wall are routed outside of the crane wall so as to pene-

trate it in the vicinity of the loop to which they are attached. The results
of analyses demonstrate that pipe whip resulting from a postulated break in
an Emergency Core Cooling System line inside the crane wall will not cause

damage in excess of that allowed by the established criteria.

Pi e Restraint Desi n and Location — Pi in Inside Containment

Where the requirements as outlined above cannot be satisfied by judicious
routing of the piping, pipe whip restraints are designed and located as out-

lined below:

1. Location of Pi e Whi Restraints

Restraints are located at each zone of the piping over 1-inch

size where formation of a plastic hinge could endanger a structure,

system or component vital for safety. Design was completed prior
to issuance of AEC Regulatory Guide 1.46 in Hay 1973. — The(1)

piping design on all of these systems is to ANSI B31.1-1967.

(February 1974) 3.6-14 Amendment 3



Comparison of the original criteria for determination of postulated pipe

break locations with those in AEC Regulatory Guide 1.46 shows that they

resulted in substantially more restraints being installed than would have

been required by AEC Regulatory Guide 1.46 for ASME Code Class 1, 2, and 3

piping (PG&E Code Class A, B and C) within the containment (see Figure

3.6-2 and Tables 3.6-1 and 3.6-2). Breaks were postulated at all terminal

ends and all locations, regardless of piping stress level, where plastic
hinges could form and endanger safety systems or components. Regulatory

Guide 1.46 requires a minimum of two postulated break locations per piping
run or branch run, i.e., one for each terminal end, provided that combined

stresses are below certain limits. Piping combined stresses due to dead

load, seismic load pressure and thermal effects have been compared with

those limits specified in Regulatory Guide 1.46. The combined stresses

do not exceed these limits on any piping. Therefore, only terminal end

break locations would have been postulated if Regulatory Guide 1.46 had

been applied and more restraints are provided than required by Regulatory

Guide 1.46.

2. Summar of Pi e Whi Effects

Lines classified as high energy have been evaluated against Regulatory

Guide 1.46 as minimum design criteria. These lines are summarized in
Tables 3.6-1 and 3.6-2 which are check lists of pipe whip effects from

postulated pipe ruptures inside the containment.

Calculation of Blowdown Forces and Plastic Hin e Moments — Pi in Inside

Containment

Blowdown Forces and get impingement forces due to the postulated piping

breaks on lines in the containment (other than the reactor coolant loops)

were calculated from the formula

(May 1974) 3.6-15 Amendment 8



Amendment 8 3.6-15a (May 1974)



F~ = 1.26 P A (See Reference 2),.
0

where: F> = steady state blowdown force (lb)
1.26 = 'dimensionless factor F>/P A for

0
saturated steam and flashing liquid lines (See Reference 2)

P line Pressure at time = 00
A = cross-sectional flow area of pipe with a full-area break.

Moments required to form a plastic hinge
~KS I
'

0
where: M = plastic moment

K 'p/M where M is the moment

fiber (See Reference -3)

wer'e calculated from the formula

ll

to produce yielding on extreme
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S = yield stress of material at temperature

I = moment of inertia of piping = II + 4
R 4~

4 o

R = outside radius of pipe
0

R = inside radius of pipe

K = 2.5 for materials in the piping systems, based on Westinghouse

test results as outlined in WCAP 7287 ~(3)

Desi of Restraint Structures'- Pi'in Inside Containment

In determining their design load the pipe rupture restraints are considered

independent of dead and live load supports and of seismic restraints. In

equation form: Y = Yr
I

where: Y = section strength required to resist design loads,

Y = equivalent static load on a pipe rupture restraint generated byr
the reaction on the broken high energy pipe during a postulated

break, the load, Y , includes a minimum dynamic factor of 3 to
r'ccountfor the dynamic effects associated with a postulated pipe

rupture 1.26 p A~x3y.0

The allowable stress for the pipe rupture restraint is the yield
stress of the material. Due to the high rate of strain that the

restraint would experience after pipe rupture, the static
yield'trength

of the material is increased by *5%. A typical restraint
is shown in Figure 3.6-3.

3.6.4 SPECIFIC CRITERIA — PIPING OUTSIDE CONTAINMENT

S stems in Which Desi n'Basis Pi in Breaks Occur - Pi in Outside the

Containment

The following criteria and definitions apply to the selection of piping systems

outside containment for evaluation of the dynamic effects associated with pos-

tulated pipe rupture.
1. All systems having a service te erature greater than 200'F or a design

pressure reater than 275 patg are te idered.
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Open crack breaks are postulated to occur in the most adverse locations

in piping having fluid temperature~ or ressure greater than the above.

Design basis breaks, in addition to crack breaks, are postulated in

that portion of those high energy systems where both tern erature +and>

pressure exceed these levels. The criteria for determining the loca-

tion of design basis breaks are defined later this Subsection.

2. Piping either encased in concrete or protected from structures, systems,

and components important to safety by barriers is not considered.

3. Piping physically located such that unrestrained motion (pipe whip) in

any direction about a plastic hinge formed after a pipe rupture could not

impact any structure, system, or component important to safety is not

considered.

The systems which contain high energy lines located outside of containment

in which both open crack and design basis piping breaks are postulated to

occur are:
Condensate System

Feedwater System

Turbine Steam Supply System (Main Steam System)

Extraction Steam and Heater Drip System

Chemical and Volume Control System

Safety Injection System

Residual pIeat Removal System

Turbine and Generator Associated Systems

Open crack breaks are also postulated in the Auxiliary Steam System, as it
0

contains piping at a temperature which exceeds 200 F.

Desi n Basis Pi in Break Criteria — Pi in Outside the Containment

The selection of design basi~ aks is generally based on results of the

piping stress analysis. These analyses consider effects of,pressure, dead-

weight, thermal expansion during normal operating, upset and test conditions
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and the Design Earthquake (DE). Where such stress analyses are not avail-
able, the design basis breaks are postulated to occur at locations which

would result in the most severe consequences.

Design basis breaks in
greater are assumed to
area equal to the flow
orientation around the

P

straight or curved pipe 4 inches in diameter or

be longitudinal or circumferential, with the break

area of the pipe. Longitudinal breaks may have any

circumference of the pipe. Design basis breaks in

pipe 1 to 4 inches in diameter are assumed to be circumferential only,

with break area equal to flow area of the pipe. Design basis breaks at
branch points are assumed to be circumferential in branch lines and longi-
tudinal in run lines, with break area equal to flow area of the branch.

The criteria for selection of design basis break locations in each piping

run are as follows:

Postulate breaks at all terminal points (anchors or. rigid equipment).

Postulate breaks at all branch points (terminal point of the branch run).
l1

Postulate intermediate breaks between terminal points wherever thermal

expansion stresses exceed 80% of S , where S is as defined in ANSIA'
B31.1 — 1967.

4- Postulate intermediate breaks between terminal points wherever primary

stress (pressure, weight, DE) plus thermal expansion stress exceeds

80% of (S + S ), where Sh and S are as defined in ANSI B31.1 - 1967.
h A h A

The summation of stresses (pressure + weight + DE + thermal) is re-

ferred to as "combined stress".

5. As a minimum, two intermediate breaks are selected at locations of

highest stress.

6. For piping runs where DE stress analyses are not available, breaks

are postulated at locations where pipe break would yield most severe

consequences.

Crack breaks are assumed to have a flow area equal to one-half the pi e

diameter times one-half the pipe thickness and are postulated in the most
/
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adverse orientations and locations throughout the piping.

Desi n Loadin Combinations — Pi in Outside Containment

Piping response analyses are performed on high-energy piping systems at,

those postulated break locations for which unrestrained pipe motion about

a plastic hinge could impact or endanger vital systems. Factors and criteria
which are considered are:

1 ~ The dynamic nature of the loading.

2 ~ Pipe impact effects due to gaps in piping restraints.

Nonlinear (elastic-plastic) pipe and restraint material properties and

the effect of rapid strain rate on material properties.

4 ~ For circumferential breaks in a pipe, whip occurs upon attainment of
50% of uniform ultimate strain at a plastic hinge due to loading from

the blowdown reactive forces. The pipe whip is characterized by un-

restrained motion of the pipe about the hinge in the direction
governed by the vector thrust of the break force.

For longitudinal breaks, failure occurs upon attainment of a hinge

mechanism with 50% of uniform ultimate strain on each hinge.

6 ~ Lower-bound piping material properties are used for prediction of pipe

whips.

Both lower and upper-bound piping material properties are used for pre-

diction of loads on, anchors and restraints.

Piping loads on the rupture restraints are limited to the equivalent

of 50% of uniform ultimate strain in the restraint materials. The non-—

linear material properties of the restraint are considered.

The following set of load combinations and allowable limits are used

in evaluating Design Class I concrete structures for the effects of high

energy pipe breaks:
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Criterion l. U > D + L + T + R + 1.5 P
a a a

Criterion 2.

Criterion 3.

U O D + L + T + R + 1.25 P + Y + Y. + Y + 1.25 Feqo
a a a r j m

U)D+L+T +R +P +Y +Y, +Y +Feqs
a a a r j m

Where:

U = Section design capability
D = Dead load

L = Live load

Ta
Ra
Pa

Y.j
Y

m

Feqo

= Thermal loads due to postulated break
= Pipe reactions under thermal conditions due to postulated break

= Pressure equivalent static loading within or across a compartment

and/or building, including an appropriate dynamic load factor.
= Jet impingement loads, including an appropriate dynamic load factor.
= Missile impact loads, including an appropriate dynamic load factor.
= Loads generated by Design Earthquake.

Feqs = Loads generated by Double Design Earthquake.

The following set of load combinations and allowable limits are used

in evaluating those Design Class I steel structures outside the contain-

ment, whose function is to provide protection against the effects of high

energy pipe breaks.

Structures Evaluated Usin the Elastic Workin Stress Method

Criterion 1. 1.6S = D + L + T + R + P
a a a

Criterion 2. 1.6S

Criterion 3. 1.6S

=D+L+T +R +P +Y. +X +Y +Feqo
a a a j r m

= D + L + T + R + P + Y. + Y + Y + Feqs
a a,a j r m

Structures Evaluated Usin Plastic Desi n Methods

Criterion l.
Criterion 2.

Criterion 3.

0.9Y = D + L + T + R + 1.5 P
a a a

0.9Y =D+L+T +R +1.25P +Y. +Y +Y +1.25Feqo
a a a j r m

0.9Y = D + L + T + R + 1.0 P + Y. + Y + Y + 1.0 Feqs
a a a j r m
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Where:

S = Reouired section stren th based on elastic design methods.

Y = Required section strength based on plastic design methods.

D namic Anal sis — Pioin Outside Containment

Analysis to determine the effects of a rupture of the main steam and feed-

water piping,- between the containment and the Turbine Building, is nearly

complete and is reported in detail in Appendix'.6A. This section of piping,
because of its high energy content and proximity to safety related equipment

and structures, is considered topossess the most potential for damage.

Pipe break effects analyzed include pipe whip, jet impingement, pressurization

of compartments, water flooding and the environmental effects of pressure,

temperature and humidity.

Analysis to determine the effects of a rupture" of the remainder of the

main steam and feedwater piping, along with the other high energy piping
systems defined earlier in this section, is currently in progress.

Locations chosen for design basis breaks were selected in accordance with
the break criteria presented earlier in this section. These locations for
the main steam and feedwater piping, between the containment and the turbine

building, aie shown in Appendix 3.6A, Figures 7-3 and 7-9. At all branch

locations, the break is circumferential in the branch line and longitudinal
in the run line, with break area equal to flow area of the branch. At all
other design basis break locations both circumferential and longitudinal
breaks are postulated.

Fluid blowdown thrust-time histories resulting from a=pipe rupture are

determinea using PRTHRUST, a computer code derived from RELAP3, the Atomic

Energy Commission's presently accepted loss of coolant accident computer

code. The assumptions used for these analysis together with representative

mathmatical models and typical results are presented in Appendix 3.6A.

At design basis break locations fluid forces determined from the blowdown

analysis are utilized for the jet impingement evaluations. The method of
determining impacted targets and resulting loadings is discussed in detail
in Appendix 3.6A.
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Pipe whip analyses of the main steam and feedwater piping, between the

containment and the turbine building, resulting from ruptures at the iden-

tified locations were determined using computer program PIPERUP. PIPERUP

determines the non-linear, elastic-plastic response of three-dimensional

piping restraint systems to the fluid blowdown force-time histories defined

above. Gaps between the piping and rupture restraints, as well as non-linear

properties of the restraints are included in the analysis. A description of

the analytical methods used in the analysis, mathematical models of the piping

systems, and representative results are also presented, in Appendix 3.6A. Pre-

liminary results of this analysis indicate that the locations of restraints
shown in Appendix 3.6A, Figures B-1 through B-6, will be adequate to prevent

all whips which could result from breaks at the identified locations.

Protective Measures — Pi in Outside Containment

All piping anchors, rupture restraints, restraint attachments, and safety
related building structures are analyzed in accordance with the design load

combinations described earlier in this section. Modifications and additions

to existing structure and rupture restraints proposed to provide the

necessary protection are identified in Appendix 3.6A.

Analysis to determine effects of jet impingement loadings or safety related

equipment and conduits is currently in progress. Where found necessary,

modifications such as impingement barriers and equipment relocations will
be accomplished.

Affected equipment and conduits are also being investigated to ensure their
operability in the post break temperature, pressure, and humidity environment.

3.6.5 REFERENCES

'(1) "Protection Against Pipe Whip Inside Containment," AEC Regulatory Guide
1.46, May 1973.

(2) Moody, F.J., ASME Paper $9-HT-31, 1969.

(3) Westinghouse Nuclear Energy Systems, WCAP 7287 January 1969.

8 (4) Westinghouse Nuclear Energy Systems, WCAP 8082, June 1973.
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Ycs

Tce

TC@

Yes Tee

Tos

Yes

Tts Tes

Yes Ies

Tte

Yce

Te ~

Tt5

M5te 4

Mote 4

Pressurizer Relief Lines
(1171, 1172, 119$ )

1171 Ta'ke Off to
Valve (N.C.)

2 I each
~ t valws

Yes

Ta5 Tts Yes Yes Yts Tts

(Nay 1'))4)
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Table 3.6 1 check List of c tffects frcn postulated Ru(Iture of pipe connected to the Reactox coolant Systcn Sheet 4 of 4

Ssaff Break ( ~ 4 I.D.) not
Resulting ln a Loss of
CCO14nt Iocatfon Descr( ticn

No. of ls ~ Loss of
Rupture Coolant Prevented

Size Restraints Pron Occurrf

Is Danage to Stean Systen Prevented?
Is Boration

stean reed Aux. Blov Level Sasple Capability
I ine Line Peed Dove Ta S Line Naintaincdr

I~ Cold Shutdovn
Capabi1 ity
Na intafncd

RHR RHR
Suction Return

Is Line Restrained
to Yacht Critcri4
v1th Regulatory
Guide 1.46 as a
Nfnfoaxzg

Charging High Head SIS
(50, 49)

Charging High Head SIS
(246)

Auxiliary Spray (51)

RC Pusp Seal water
Injection (54)

RC Punp Seal water
Injection (55)

RC Pusp Seal water
Injection (56)

Rc Pusp sc41 N4tcr
Injection (51)

Letdovn (24)

Excess Letdovn (6))

Upztro4n of Chock
Valve 83)9A

Upstrean of Check
valve 83798

Charging Line tO
Isolation Valve

Upstrean of Check I
Valve

Upstrean of Cheek
Valve

Upstrean of Check 3
Valve

Upstrean Of Check 4
Valve

Beyond Restrafnt Dovn 2
stress of Isolation
Valve

Beyond R44'tr&int. Dovn 2
stress of Isolation
Valve

Ycs

Ycs

Yes Ycs Yes Ycs Yes

Yes Yes Yes Yes Yes

Ycs Ycs Ycs Yos Ycs

Yes Yes Yes Yes Yes

Yos Yes Ycs Ycs Ycs

Ycs

Yes

Ycs

YCS

Ycs

Ycs

Ycs

Ycs

YCS

Yes

Ycs

Note 4

Note 4

Note ~

Note 3

Note 3

Note 3

YCS

Noto 6

Pressurizer'elief Lines
(fig), 1112, 1195)

Dovnztrean of Valves
(N.C.)

1 ea. Yes Yes Yes Ycs Yes Yes Yes Yos Ycs Ycs Ycs

( ) - PWS I,ine Hunter

Note 1 Affected area lhzited by enclosure.

Note 2 - operates only during the injection and recirculatfon
phase folloving a Loon. Rupture not postulated.

Note 3 - Due to pressure and
during operation of

Note 4 - llhipping alloved vl

(Hay 1974) Ancndscnt 8

flov conditions in these pfpes
these lines, vhipping is not assuned to occur.

th no services affected.

Note 5 - Blovdovn resulting fron p(pe rupture is less scvcrv
than fron a rupture directly adjacent to reactor coolant
pipe and can be handled by high-head safety injection.

Note 6 Whipping allovablc With no services affvctnl vfth rcslralnls
at valves to prevent focA.



TABIE 3.6N cHEcKLIsT 0F DYNANic EITEcls 0F olHER PCBTUIATED PIPE RUPIUREs I!csIDE 'st% cccIAINNcc

Is Break ~tfoh
Stem Systeu Break

*

No. of Is Loss of Preventof to Stem
not Fesulting ln Rupture Coolant Preventof Pfplng in the Vnaffectet
i i C i i ~l ii it i ~ii Is Safety infection Is Integrity of

Fxfntafned to all Is the Coats!anent thc Stean Cenerator

Is Lfne Restrafnef
to Neet Criteria

Is Boratlon Is Coll Shutgovh of Regulatory
CaPablllty CaPahillty OufCc 1.46 as.a
Shfntafnetl phfntafnctf Nfninuhi

yefn Stea" L!ne
(SS5)

Hain Stean Line
(226)

fhfn ftea= Line
(PSC)

Rain Stem L'.ne
<SP8)

Feef "ster L!ne
(55'

Feei Water L!ne
(555)

Feei Tater Line
<55()

Feel Water Linc
(55Y)

Stean aerator
Blot~ Line

(IO59)
tern "rnerator

Blot Dovn Line
(IO6O)

Stem rnerator
Rica rlvh Line

<1061)
ftcah Xnerator
Bfov:ovl Line

Ifr/jS}
Stean mcrator
.'-rain Line

< 1O55)
Eteo hncrator
Icafn Line

(IO/)
Stem 'Pcnerator
Drain Line

clh5T)ftean Venerator
Drain Line

(IO58)

Fron Steam Generator
Nozzle to Cchtafhucht
Penetration
Frm Venerator
Niozzle to Cents!ment
Penetration
Fret Stean Cenerator
Nozzle to Contafmcnt
Ienetration
Pron Stean ~wnerator
Iiozzle to Contafment
cnctrat !oh

Frcn Stean wnerator
Nozzle to Contalnzent
Penetration
Frch Stem wnerator
Nozzle to Contairuent
I enetration
Froh Ctea renerator
Iiozzlc to Cont4!tlAnt
! enetrat lou
Frch Ctea= Senerator
Nozzle to Contafment'etratf ch
Froh Stean mncrator
Nettle to CohtafhMnt
Ivhctr'4tioh
Frocl 'tc4 iehcr4tor
Nozzle to Cohtafhucnt
Penetration
Pron S tea "wnerator
Nozzle to Containzcnt
Ien erat Ion
Frch "team Senerator
Nozzle to Cchtafhmnt
!Cnerat ion
Froh Stean "wncrator
Noztle to Blorfovh
Line
Froh Stem "aerator
Nozzle to Blovhuh
Line
Froh Stean generator
Nozzle to Blov!ovn
Line
Froh Stem Venerator
Nozzle to Blovtfovn
Line

S8

28 5

P8

1 cc

1 16

16

4 16

3 16

1

3 1

4 1

Yes

Yet

Yet

Yet

YCS

Yes

'es

Yes

Yet

YCS

Yes

Tes

YCC

YCt

Tet

Ycs

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Tes

Yes

Ycs

TCS

Yes

Ycs

YCt

Yes

YCC

Yct

Yes

Yct

YCS

TCS

Yes

YCS

Yes

Yes

Tcs

YCt

Yes

Yes
J

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

YCS

Yes,

Ycs

Yes

YCS

YCS"'CS

Yet

Yet'es

Yet

Yet

Tcs .

Yes

Yes

Yes

Yet

Yes

Yet

Tes

Yes

Yet

YCS

Ycs

Tcs

Yes

Yes

Yes

Yes

Yes

Ycs

Yes

Yet 4

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

vCS

Yet

Yes

Ycs

Yes

Yes

Yes

Note Ll

Note 41

Note 41

Note Lf

Note 41

Note 41

Note 41

Note 11

( ) IO%E Line Ihhher

N7IE lc In cate of pile rupture, pipe fs allovet to vhfp With
nn here!con affectei.
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1. 0 SUMMARY

This interim report, prepared for the Pacific Gas and Electric Company,

pxesents the results to date of the investigation being conducted to deter-

mine the consequences of a postulated rupture in high-energy fluid piping

outside the conta'nment at Diablo Canyon Unit l. The investigation is being

conducted. in accordance with, and in response to, the Atomic Energy Commis-

sion letter to Mr. Frederick T. Searls, Vice President and General Counsel

for the pacific Gas and Electx ic Company, dated. December 18, 1972. Included
Xl

within this report are the definition of criteria and methods being employed

in the analyses, the identification of the high-energy fluid piping outside

containment and the stx'uctures and equipment essential for safe shutdown

following a postulated rupture of this piping. Also given is a summary of

analyses results for a break in the main steam piping between the contain-

ment and the turbine stop valves and a break in the feedwater piping between

the containment and the feedwater pumps, including proposed. design modifi-

cations. Of all the high-energy piping outside containment, this section

of piping, because of its size and. location, is considered to possess the

most potential for damage. Pipe break effects analyzed include pipe whip,

get impingement, pressuri "ation of compartments, water flooding and the

environmental effects of pressure, temperature and humidity.

Z.6A-7
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2.0 INTRODUCTION

In the letter (Reference 1) to the Pacific Gas and Electric Company con-

cerning Diablo Canyon Reactor Units l and 2, the Atomic Energy Commission

has requested that they be provided with analyses and other relevant infor-

mation needed to determine the consequences of a postulated rupture, outside

containment, of a pipe containing a high-energy fluid. In response to this

request, Nuclear Services Corporation, in assistance to the Pacific Gas and

Electric Company, is conducting an investigation of all high energy piping
F

systems outside the containment. to obtain the necessary information. The

investigation is being conducted in the following steps:

A. The piping outside containment which contain high-energy fluid are

first identified..

B. Those structures, systems, and components necessary to assure that

a safe shutdown condition of the reactors can be accomplished and

maintained following a postulated. pipe rupture in any of this high-

energy fluid piping are also identified.

C. Those piping runs of high-energy fluid systems which are not isolated

from, or physically separated enough to preclude potential damage to,

the structures, systems, or, components established. as important to

safety for a rupture in that run are then identified for further analyses.

D. For each of these identified piping runs, locations are established

for postulated pipe breaks.

MRY10 197)
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E. For those piping runs in which design basis breaks are postulated,

the appropriate analyses are performed to define the potential damage

from effects of the break. Effects being considered include pipe whip,

get impingement, pressuripation of compartments, water flooding and

the environmental effects of pressure, temperature and humidity.

F. For those piping runs in which open cracks are postulated, analyses

ar performed to define the potential damage from the environmental

effects.

G. Analyses of those affected structures, systems and components estab-

lishe'd as important to safety are then performed to evaluate the extent

of this potential damage, and to determine if the damage can be accom-

modated without impairment of required function.

H. Where the results of the analyses show that the required functions

of the necessary structures, systems and components cannot be assured,

design modifications-are proposed to provide protection.

This report defines the criteria being applied to the analyses, the methods

employed, and a summary of the results of analyses completed. to date. The

piping systems outside containment containing high-energy fluid have been

identified, and are discussed in Section 5. The systems found to contain

the highest energy are the main steam and feedwater systems. Identification

3. 6A-9
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of the structures and equipment necessary to mitigate the consequences of

a rupture in these systems is given in Section 6. The portions of the Unit

1 main steam and feedwnter pip'ing fudged to present the most potential for

damage to necessary structures and equipment are between the cont'ainment

and the anchor in the turbine building at column line G. A summary of

analytical results for a break in these lines is presented in. Section 7.

A description of the respective analyses performed, the criteria employed

and. typical results obtained, including proposed design modifications, are

given in the Appendices.

Analyses on the remaining portions of the main steam and:feedwater systems

are urrently in progress with typical results to date also included in

this report. Final results of these analyses along with results of the

other high-energy fluid. systems of lower consequence will be presented in

later reports.

3.6A-l0
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3.0 PIPE RUPTURE CRITERIA

The chief criterion and. basic objective of this investigation is to

assure that the Diablo Canyon nuclear plant is designed. so that the re-

actors can be, shutdown and. maintained. in a safe shutdown condition in
'i

the event of a postulated rupture, outside containment, of a pipe containing

a high-energy fluid, including the double-ended rupture of the largest

pipe in the main steam and. feedwater systems. The guidelines and criteria

to be employed in the achievement of this objective are specified in the

initial letter (Reference 1) from the AEC of December 18, 1972, to

Mr. Frederick T. Searls, which"included. the attachment listing the general

information required for consideration; the follow-up letter (Reference 2)

from the AEC of January 29, 1973, which included. an errata sheet for this

attachment; "Structural Design Criteria for Eva1uating the Effects of

High-Energy Pipe Breaks on Category I Structures Outside Containment";

Document (B), Structural Engineering Branch of the Directorate of Licensing,

which was enclosure 3 to the letter (Reference 3) from the AEC of August 13,

1973; and ,.he project FSAR (Reference 4). The specifics of these guide-

lines and criteria as they are being employed in this investigation of

Diablo Canyon arc set forth in detail in Reference 5 and in other sections

of this report;

Basically, the criteria may be separated into two types: those which

determine the system, types of breaks, and locations of breaks,to be

analyzed; and those which state requirements for .protection against the

3. 6A-ll
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of t.he selected breaks. The criteria for determining the

systems to be considered, and the locations of postulated breaks in those

systems, are given in detail in Section 5 and 7, respectively. Some of

the more important criteria applied in the determination of the acceptability

of the consequences of a break at these locations are:

The most consequential single failure of an active component is

assumed to occur coincidentally with the damage resulting from the

effects of the pipe break.

Concurrent loss of off site power is assumed..

Bequired redundancy must be preserved in those'protection systems,

electrical systems, engineered. safety feature equipment,

and their interconnecting cables and cable penetrations necessary
j

to mitigate the consequences of the pipe break and place the

reactor in a safe shutdown condition.

For those environmentally induced failures caused by an open crack,

or a design basis pipe break which would not of itself result in

protective action but does disable protection functions, a loss of

redundancy is acceptable but the minimum required function of the

system must be preserved.

The failure of any structure caused by the pipe break must not damage

any structure containing safety and. shutdown equipment to the extent

3.6A-la
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that the capability to mitigate the consequences of the pipe break

and. bring the reactor to a safe shutdown condition is impaired..

~ The integrity of the containment must be preserved.

The integrity of the control room must be preserved.

~ The ability to bring the reactor to a safe shutdown condition from
F

the control room or from outside the control room must be preserved.

3.6A-l3
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4. 0 PLANT DESCRIPTION

Diablo Canyon Unit 1 is a 4-loop., pre'ssurized water reactor plant located

on a coastal site near San Luis Obispo, California. A nearly identical

Unit 2 is being built on the same site

some facilities .,are shared between the

of Unit 1, with the match line between

contiguous to Unit 1. Consequently,

two plants. A general area layout

units, is shown in Figure 4-1, As

indicated on this figure, the plant is divided into areas, with each

area given an alphabetical designation. Areas A, B, C; and D comprise

the Unit 1 turbine building, with area E being shared between the two units.

Areas H and K make up the shared auxiliary building. The turbine building

houses the turbine generator, main condenser, pumps, feedwater heaters,

other related main power loop equipment, and some station auxiliary equip-

ment. The auxiliary building houses the control room, ventilation equip-

ment, battery room, safeguards instrument room, and other related safety

and auxiliary equipment. The general layout of equipment in these buildings

is shown in Figures 1.2-4 through 1.2-27 of the FSAR (Reference 4).

A number of high-energy fluid piping systems outside the containment have

been identified for Unit 1 'and are discussed in Section 5 of this report.

Of these systems, the main steam and feedwat'er lines, because of their

la) ge si..es a»d high pressures, will.present the greatest potential for

damage from pipe rupture.

3.6A-14
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Two main steam and two feedwater lines exit the north side of the

containment and run along the containment exterior to area GW. These

lines are carried in a structural steel pipeway which acts as a rupture

restraint and pipe support. The other two sets of steam and feedwater

lines leave the south side of the containment within areas GE and GW and

turn west to enter the turbine building. These lines are restrained

against pipe whip by several rupture restraints within areas GE and GW.

From the anchor at column line G, the steam and feedwater lines run into

areas B, C, and D of the turbine building. Other high-energy fluid

piping lines run through all of these areas as well as portions of areas
,gl

H and K in the auxiliary building.

3.6A-lg
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UNITS

9 7

FUEL DLING BUILDING

15 7 18

I

20.3

V

GE

CONTAINMENT
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+G 'j

TURBINE BUILDING

13 17 19 OL. LINES

FIGURE 4-1. AREA DESIGNATION PLAN,
DIABLO CANYON — iJIIIT 1 e
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5.0 IDENTIFICATION OF HIGH ENERGY SYSTEMS

5.1 S stems Containin Hi h Ener Fluid

High energy piping systems are defined. in Reference 1 as those which have

a service temperature above 200 F or a pressure above 2 sig. The plant

operational conditions under which this definition applies include reactor

start-up, operation from hot standby to rated power and reactor cooldown

to the cold shutdown condition.

E

The .ollowing systems at Diablo Canyon Unit 1 contain lines outside the con-

tairu ent which fall under this high energy piping definition:

Condensate System

Feedwater System, including

o Main Feedwater Piping

+ Auxiliary Feedwater Piping

Turbine Steam Supply, including

4 Main Steam Piping

~ Steam Generator Blowdown Piping

~ Steam to Auxiliary Feedwater,Pump Piping

Extraction Steam and Heater Drip System

Auxiliary St'earn System (Only temperature exceeds 200 F/275 psig

criterion)

Chemical ard Volume Control System

Safety Infection System

3.6A-17
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Residua'eat Removal System

Nuclear Steam Supply Sampling System

Component Cooling Water System

Fire Protection System (Only pressure exceeds 200 F/275 psig criterion)

Turbine and Generator Associated Systems

Nitrogen and Hydrogen Systems (Only pressure exceeds 200~F/275 psig

criterion)

In accordance with the criteria of. Reference l, evaluation of breaks in the

nuclear steam supply sampling system and the nitrogen and hydrogen system

is not required as the portions of those lines which contain high energy

fluids have a nominal pipe diameter less than or equal to one inch. In addi-

tion, the only portion of the fire protection system which contains a high

energy fluid is of small size (diameter of l-l/2 inches) and is physically

remo e from any safety related equipment (located in the turbine building

near the intersection of column lines l6 and. A).. No further analyses are

therefore required for these systems.

5.2 S stems in Which Desi n Basis Breaks are Postulated

Design bass.s breaks are postulated in that portion of tho e hxgh energy

systems ~here both the temperature and, pressure exceed the 200 F and 275 psig

limits. These, systems, as defined in the plant piping and instrument diagrams,

are:

MAY~O l974
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Condensate System

Feedvater System, including

~ Main Feedvater Piping

~ Auxiliary Feedwater Piping

Turbine Steam Supply System, including

~ Main Steam Piping

~ Steam Generator Blowdown Piping

~ Steam to Auxiliary Feedvater Pump Piping

Extraction Steam and. Heater Drip System

Chemical and Volume Control System.

Safety Infection System

Residual Heat Removal System

Component Cooling Water System

Turbine and Generator Associated. Systems

5.3 S stems in Which 0 en Cracks are Postulated

Open cracks are postulated in those systems vhere either the tern erature or

pressure exceeds the 2000F and 2 si limits. Therefore, open cracks, as

well as design basis breaks, are postulated in all of the systems identified
in Section 5.2. In addition, open cracks are also postulated in the auxiliary
steam system, as it contains piping vhere the fluid temperature exceeds the

200 F limit.

3.6A-19
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6.0 IDENTIFICATION OF ESSENTIAL STRUCTURES AND E UIPMENT

Under conditions of a postu1ated main steam or feedwater pipe rupture, in

order to effect and maintain the plant in a safe shutdown condition, it is

necessary that the integrity of the containment and auxiliary building be

preserved. The auxiliary building contains most of

guards pumps and associated equipment, control room,

the engineered. safe-

batteries and vital AC

and hot shutdown remote panel. Area A, which is at the northern end of the

turbine building, houses the diesel generator units, 4.16 KV and 480 V buses

and their switchgear and the cable spreading room. Area A is,a Class 1 struc-

ture.

6.1 Normal Shutdown

The functions necessary for safe shutdown are available from instrumentation

channels that are associated with the ma)or systems in 'both the primary and

secondary sides of the Nuclear Steam Supply System. There are no individually

identifiable safe shutdown systems per se. However., prescribed procedures

for securing and maintaining the plant in a safe condition can be instituted.

by appropriate alignment of selected fluid and control systems. The system

functions required to be aligned for maintaining normal, controlled safe

shutdown of the reactor are the minimum number that will:

l. Prevent the reactor from achieving critica1ity.

'2. Provide an adequate heat sink such that design and safety limits are

not exceeded.

3.6A-2O
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The designation of systems that can be used for safe shutdown depends on

identifying those systems which provide the following capabilities for main-

taining a safe shutdown condition:

l. Reactor coolant boration

2. Adequate supply for auxiliary feedwater

3. Residua1 heat removal

All systems required for a safe shutdown associated with these functions

have been designed in accordance with the single failure criteria described.

in Reference 4, page 7.3-4.

6.2 Emer enc Shutdown

The following subsections identify systems and vital equipment which are

required to function for safe shutdown of the reactor consequent to rupture

of main steam or feedwater lines outside the containment.

An emergency shutdown may be caused by a main steam or feedwater pipe rupture.

In this context, it is assumed that an emergency mode of shutdown is nec-

essary even though normal mode of shutdown may be sufficient. The main steam

and feedwater pipe ruptures are analyzed independently and not postulated to

occur concurrently. The events requiring initiation of Engineered Safety

3.6A-21
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Features are assumed to occur simultaneously with loss of offsite power.

Therefore, the function of onsite power sources (diesel generators, batteries

and vital instrument ac) must be preserved.

6.2.1 Emergency Shutdown with a Main Steam Line Rupture

The equipment necessary for a safe shutdown following a main steam line

rupture is the same regardless of the pipe break location. The effect of

one steam line break is the loss of one steam generator for reactor decay

heat removal after reactor trip.

For a large steam line break the following must be available to accomplish

safety functions:

A. Safety infection to pump borated water into the core, thereby limiting

the core power transient following the break.

B. Isolation of main feedwater to the steam generators to limit the reactor

coolant system cooldown.

C..Closure of main steam isolation valves to limit the reactor coolant

system cooldown.

D- Auxiliary feedwater is required to dissipate decay heat. In the event

of a concurrent loss of offsite power, at least one of the three aux-

iliary feed pumps would be required. This pump must be available and

ViAY'07974

deliver full flow within one minute.
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In order to cool the plant down to the residual heat removal system

pressure, auxiliary feedwater must be available and. the steam generator

power-operated. relief valves must be operable.

6.2.2 Emergency Shutdown with Feedwater Line Rupture

For a rupture of the main feedwater line between the containment and. the

feedwater check valve, which results in the blowdown of one steam generator,

the following equipment must be available to accomplish safety functions:

A. Safety infection to pump borated water into the core, thereby limiting

the core power transient following the break.

B. Closure of feedwater isolation valves.

C. Auxiliary feedwater to the intact steam generators within 10 minutes.

For a large feedwater line break, there will be considerable water

discharge from the affected. stea'm generator. The water loss out of

the steam generator lessens the plant's ability to dissipate decay

heat. Furthermore, assuming the failure of one of the auxiliary feed-

'water pumps, most auxiliary feedwater will be discharged through the

break until operator action is taken to re-align the auxiliary feed-

water system. One-half of the auxiliary feedwater system capacity

(provided by the two motor-driven or the one turbine-driven pump) must

deliver fu11 flow to the unaffected steam generators within 10 minutes.

3.6A<3
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In order to cool the plant down to the residual heat, removal system pressure,

auxiliary feedwater from at least one auxiliary feedwater pump must be avail-

able and. the steam generator power operated relief valves must be operable.

For a large break between the feedwater pump and the main feedwater check

valve, the feedwater line check valve will prevent water or steam release from

any of the steam generators through the break. A large break at this point is,
thus, essentially a-loss of normal feedwater. In this case, the equipment

which must be available to accomplish the safety function consists of the

auxiliary feedwater system. At least one of the three auxiliary feedwater

pumps must be available. Safety injection is not required for this case.

6.3 Essentia1 E ui ment Re uired for a Safe Shutdown

Based on the functional requirements of safe shutdown systems required for

a main steam or feedwater pipe rupture as given in Section 6.2, the fol-
lowing essential equipment will be required for each function.

6.3.l Main Steam Line Rupture

A. E ui ment Re uired to Initiate Safet In ection

Following a steam line rupture, the Emergency Core Cooling System is auto-

matically actuated to deliver borated water from the boron injection tank to

the Reactor Coolant System. The response of the Emergency Core Cooling System

following a steam line break is identical to its response during the injection

mode of operation following a loss of'coolant accident.

. MAYi 019?4
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The safety injection signal initiates the actions described. for

the injection mode of the loss of coolant accident, even though not all of

these actions are required following a steam line rupture; e.g., the residual

heat. removal pumps are not required since the Reactor Coolant System pressure

will remain above the pump shutoff head.

The delivery of the concentrated. boric acid from the boron injection tank

provides negative reactivity to counteract the increase in reactivity caused,

by the system cooldown. After the concentrated boric acid is delivered

from the boron injection tank, the charging pumps continue to supply

borated water from the refueling water storage tank, until enough water has

been added to the Reactor Coolant System to make up for the shrinkage due to

cooldown. The safety injection pumps a1so deliver borated. water from the

refueling water storage tank for the interval when the Reactor Coolant System

pressure is less than the shutoff head of the safety injection pumps. After the

pressurizer water level has been restored, the injection is manually terminated.

Equipment outside the containment required to initiate a safety injection,

or be initiated by a safety injection signal, and its location is:

(1) Safety injection is initiated. by high differential pressure between

any two steam lines (besides other signals originating inside the con-

tainment). Steam line pressure is sensed by three pressure transmitters

for each line which are located in mechanical panels in area GW at

115'.6A-ag

MNi01974



Nuclear Services Corporation

elevation and, in area F outside the containment at about 110'leva-

tion. The instruments and the instrument leads are vital equipment.

The steam line pressure transmitters are:

Area F
(norah or oonta1nnene )

PT 514

PT 515

PT 516

PT 524

PT 525

PT 526

and their leads

Area GW

PT 534

PT 535

PT 536

PT 544

PT 545

PT 546

and their leads

(2) Other safeguards and reactor protection signals originate inside the

containment. Their cables penetrate through the containment in area

GW between elevations 115'nd. 140', and are routed to the auxiliary

building, area H.

(3) Safety inJection signal automatically initiates the following actions:

(a) Starts the diesel generators numbers l-l, 1-2 and 1-3. The

diesel generators and. their auxiliaries are located. at the

northern end of the turbine building in a class 1 structure

(area A) at the 85'levation. Area A also houses the vital

3.6A-26
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cable spreading room at elevation 104'nd the vital 4.16 KV

busses F, G and H and their switchgear at elevation 119'.

(b) Starts the charging pumps number l-l and. 1-2, the safety injec-

tion pumps number l-l and 1-2, and th'e residual heat removal

pumps number 1-1 and 1-2. The charging pumps are located at

elevation 73', the safety injection pumps at elevation 85'nd

the residual heat removal pumps at elevation 60'f the auxiliary

building. The residual heat exchangers number 1-1 and 1-2 are
F

located at elevation 73'f the auxiliary building. The pump
I"

motors are supplied from 4160V vital buses F, G or H. The power,
t

control and. indication circuits of these pumps are vital.

(c) Aligns the charging pumps and. safety inJection pumps for injec-

tion by closing or opening the valves associated with the charging

pump, boron injection tank, volume control tank, and the refueling

water storage tank. These valves are located in the auxiliary

building and in areas GE/GW (above the 91'levation and. below

the slab at 115'levation) and at the refueling water tank.

Therefore, these are at different locations and elevations from

those of the main steam and feedwater piping.

(d) The charging pumps during the safety injection initiation are

associated with volume control tank number l-l and boron inJection

tank number l-l. These tanks are located at elevation 91'nd

73'f the auxiliary building respectively.

3.6A-27
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(e) The component cooling water pumps l-l, 1-2 and 1-3 and the

auxiliary salt water pumps 1-1 and 1-2 are also initiated by a

safety inJection signa1. The component cooling water pumps are

located at elevation 73'f the auxiliary building. The aux-

iliary salt water pumps are located at the intake structure.

The pump motors are supplied from 4160V vital buses F, G or H.
E

The valves and instruments of the component cooling water heat

exchangers number 1-1 and 1-2 and their associated, electrical

circuits are located at elevation 85'f the turbine building,

area D. The component cooling water surge tank is located on

top of the auxiliary 'building and the surge tank connection header

lines run near the main steam and feedwater lines in areas GE,

QW. The component cooling water system and. the auxiliary salt

water system are vital equipment required for safe shutdown of

the plant.

B. E ui ent Re uired to Initiate Feedwater Isolation

(a) Safety infection signal causes feedwater isolation and trips both

main feedwater pumps. Each feedwater line has a motor-operated

valve in series with a check valve and a flow control/isolation

valve. These are located in area GW and area F outside the con-

tainment. The associated electrical circuits required to initiate

these valves-are'located in their vicinity and are vita1.
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The feedwater isolation valves are

F.W. Line 1-3. F.W. Line 1-2 F.W. Line 1-3 F.W. Line 1-4
North of

Containment)

FCV-510
FCV-'438

North of
Containment)

FCV-520
FCV-439

(Area GW)

FCV-530
FCV-440

(Area GW)

FCV-540
FCV 441

C. E ui ment Re uired to Initiate Main Steam Isolation

1. High steam flow in two out of four lines in coincidence with

either low-low primary coolant average temperature in two out of

four lines or low steam pressure in two out of four lines; or

2. High-high containment pressure

The main steam line pressure instruments are located outside the containment

and were covered in paragraph A, Equipment Required to Initiate Safety

In)ection. The other signals originate inside the containment and their

circuits are routed. through the electrica1 penetrations in area GW to the

auxiliary building, area H.

The main steam line isolation valves are:

Main Steam
Line 1-1

(North of
Containment)

Main Steam
Line 1-2
North of

Containment)

Main Steam
Line 1-3
Area GW

Main Steam
Line 1-4

Area GW

FCV-41 FCV-42 FCV-43 FCV-44

The associated control and indication circuits for these valves are vital.
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D. Auxiliar Feedwater P Automatic Initiation

The two motor-driven auxiliary feedwater pumps are fed from 4160V vital buses

F and H. They are automatically initiated by any one of the following

signals:

1. Steam generator low-low level (1 out of 4) signal or both main

feedwater pumps tripped signal; not coincident with a blackout

signal,

2. Safeguards sequence signal, or

3. Blackout signal.

The turbine-driven auxiliary feedwater pump is automatically initiated by

either one of the following signals:

l. Steam generator low-low level (1 out of 4)

2. Vital bus undervoltage

In addition, the three pumps can be manually started for the purpose of plant

startup or, shutdown.

The three auxiliary feedwater pumps l-l, 1-2 and 1-3 are vital equipment.

They are located in area J, at elevation 100'f the auxiliary building. The

3.6A-30



e

Nuclear Services Corporation

motor-driven pumps 1-2 and 1-3 are supplied. from 4160V vital buses H and F

respectively. These switchgears and. their control and. indication circuits
I

are vital. The turbine driver of pump l-l is supplied by steam control valves

FCV-37 and FCV-38 from steam leads 2 and 3. These valves, their control and

indication are vital equipment.

The following auxiliary feedwater control valves and their control circuitry

are vital equipment.

F.W. Line 1-1
North of

Containment)

F.W. Line 1-2
North of

Containment )

F.W. Line 1-3

Area GW

F.W. Line 1-4

Area GW

LCV-106
LCV-110

LCV-107
LCV-111

L'CV-108
LCV-113

LCV-109
LCV-115

The auxiliary feedwater flow elements FE-213, FE-"214, FE-215 and. FE-216

located in the area north of containment and in areas GE, GW are vital instru-

ments required to modulate auxiliary feedwater flow.

The auxiliary feedwater pump discharge pressure instruments PT 432, PT 433

and PT 434 and flow instrument FX ll and their circuits are vital equipment .

The sensors are located in panel 31 in area J of the auxiliary building at

elevation 100'. The pump discharge. pressures are indicated. in the main

control room and hot shutdown panels. The pump discharge pressure signals

are also used to control the auxiliary feedwater control valves LCV 110,

LCV ill, LCV 113 and. LCV 115. The auxiliary feedwater flow is indicated on

panel 31.
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E. Vital E ui ment in the Turbine Buildin

For a steam line or feedwater line rupture in the turbine building, the

following vital equipment and electrical circuits must be evaluated for any

adverse effects.

1. There are two main turbine first stage pressure signals which

,originate in the turbine building. The two pressure transmitters

sensing these signals, PT 506 and PT 507 are located in mechanical

panels at elevation 124'f the turbine building. Their assoc-

iated electrical circuits are located below the floor at the
140'levation.This signal is used to program the high steam line

flow for actuation of safety injection and is also used for various

reactor trip actuation signals.

2. Other vital circuits are also located in the turbine building and

are routed below the floors at elevations 140', 119'nd 105'.

They perform the following functions:

e Automatic initiation of safeguard equipment 'belonging to one

train.

e Control. of the component cooling water valves and the auxiliary

salt water system valves associated with the component cooling

water heat exchangers.
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3. The component cooling water heat exchangers which are the

ultimate heat sink for plant shutdown are located in area D

near the east wall at elevation 85'f the turbine building.

6.3.2 Feedwater or Condensate Line Rupture

The systems and equipment required to function for this event are given in

Section 6.2.2. The sequence of events and the equipment necessary to func-

tion following the accident (safety infection, feedwater isolation, and

automatic initiation of the auxiliary feedwater pumps) have been described

in Section 6.3.1, paragraphs A, B and D, respectively.

6.4 E ui ment Belon in to Reactor Protection S stem

Equipment not belonging to the reactor safeguards system, but part of the

reactor protection system is a1so considered vital. Equipment of this

category in the vicinity of the main steam and. feedwater lines includes:

o Feedwater flow instrumentation consisting of one set of flow

transmitters on each line. These are located in mechanical

panels in area GW and. in panels in the area north of contain-

ment.

o Containment electrical penetraitons for vital circuits.
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6.5 . Other Vital E ui ent

In addition to the equipment described in Section 6.3, the following

equipment not in the vicinity of main steam or feedwater piping are vital
for the functions required by Section 6.3:

A. Power Sources

In addition to the diesel generators, their auxiliaries and vital 4.16 KV

switchgear a1ready described, the following on-site power sources and their
power, switchgear and control circuits are required:

(1) 480V AC load center and switchgear 1F, lG, lH,'nd 1-2 located

at elevation 100'n area H of the auxiliary building.
'

(2) DC batteries ll, 12 and 13, their battery chargers, inverters,

and panels, located at elevation 115', in area H of the

auxiliary building.

B. Control Stations

(1) Control room and control room air conditioning at elevation

140'f the auxiliary building, area H.

(2) Hot shutdown remote panel at elevation 100'f auxiliary

building, area H.
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(3) All required electrical power, control and. instrumentation

cables.

C. Ventilation

The ventilation systems for the engineered safeguard pumps and DC battery

rooms which are located in the auxiliary building, area H.

D. Safe ards S stems Pi in

The safeguards systems piping, valves and the valve control circuits located

in the auxiliary building and in areas GE, GW below the slab at 115'le-
vation.

E. Auxiliar Lubrication Oil Pum s

The component cooling water pump auxiliary lubicating oil pumps l-l, 1-2

and 1-3 and- the charging pump auxiliary lubricating oil pumps 1-1 and. 1-2

are vital for operation of the main pumps.

3.6A-3g
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7.0 PIPE RUPTURE ANALYSIS

Analysis to determine the consequences of a rupture of high energy piping

on the ability of the plant to safely shut down 'from a normal operating or

hot standby condition, and remain in the safe shutdown position, was con-

ducted. in the following manner. First, the high energy systems in the

plant were identified according to the criteria presented in Section 5.0.

Secondly, discrete locations at which design basis breaks were postulated

to occur were selected in accordance with the criteria of References 1 and

2. At each 'break location, an evaluation was then conducted. to determine

if an unrestrained motion of the piping about its nearest hinge point

(i.e. pipe whip) would result in an unacceptable degree of damage to equip-

ment (including control and instrumentation conduits) required for a safe

shutdown. At those break locations where such unacceptable damage could

result from an unrestrained pipe whip, a dynamic nonlinear analysis of the

piping and piping restraint system was conducted to determine if the pipe

whip could actually occur. In some cases, modifications to existing piping

restraints and addition of new restraints have been proposed to prevent

such whip.

Jet impingements which result from fluid discharging through the pipe open-

ing were also evaluated with regard to overall plant safety. Such gets can

result in loadings on mechanical equipment, electrical conduits, other piping,

and. building structure. They also may cause pressurization of building com-

partments, floor flooding, and high temperature/high humidity environments in

which safety equipment would be required to function.

MAY]0 I974
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Finally, building primary structures (i.e. shear walls, floors, contain-

ment, etc. ) were evaluated to ensure structural integrity and. conformance

with the structural loading combinations specified by Reference 3.

7.1 Main Steam Pi in

7.1.1 Determination of Postulated Break Locations

7.1.1.1 Design Basis Breaks

Xn accordance with Reference 1, as the main steam piping is greater than

four inches in diameter, design basis breaks are postulated in both the

longitudinal and circumferential directions. For each type, the break area

is equal to the flow area of the pipe. Longitudinal breaks can occur at

any orientation around, the pipe circumference, with a break length of two

times the pipe diameter. Circumferential breaks separate the piping axially,

with each portion of the severed piping moving independently. Design basis

breaks at branch points are assumed to be circumferential in branch lines

and longitudinal in run lines, with the break area equal to the flow area

of the branch.

The criteria used. for selection of design basis break locations are as follows:

A. Postulate breaks at all terminal points (anchors or rigid equipment).

B. Postulate breaks at all branch points (termina.l point of the branch line).
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C. Postulate intermedi'ate breaks between terminal points whenever pri-

mary stress (pressure, weight, DE) plus secondary stress (thermal)

exceeds 80fo of (S + SA) or when secondary stress alone exceeds 80$ of

SA, where Sh and SA are defined in ANSI B.31.1 1967. The summation

of stresses, Pressure + Weight + DE + Thermal, is referred to as

"combined stress" in this report.

D. As a minimum, two intermediate breaks are selected. at locations of

highest stress.

E. For those piping runs where the design earthquake (DE) stress ana1yses

are not available, breaks are postulated to occur at each location of

potential high stress or fatigue, such as pipe fittings (elbows,-tees,

reducers, etc.), valves, flanges and welded attachments.

To select intermediate pipe break locations for the portion of the main

steam piping between the containment and the G row anchor, piping stresses

are thus plotted versus locations along the pipe. The stress values at all
locations are then compared to the Atomic Energy Commission stress limits

discussed in Paragraph C, above. The resulting plots are shown in Figures

7-1 and 7-2. Stress information was taken from Reference 6. As, can be

seen from the stress plots, there were no points which exceeded the Atomic

Energy Commission stress criteria discussed. above. Therefore,
intermediate'reak

locations were determined. by choosing the more highly stressed points.
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F

The break locations thus selected for the main steam piping; from contain-

ment to G row anchor, are shown on the isometric of Figure 7-3. At each
I'q

'postulated break location, two node numbers are specified. The first number

corresponds to that used by Pacific Gas and. Electric Company in their thermal
r

stress analysis, while the second number corresponds to that used by Nuclear
4

Services Corporation for the pipe rupture analyses. These main steam break

locations are also listed in Tables 7-1 through 7-4, together with the cri-
teria used for their selection. Hereafter, all break locations will be

referred. to only by the node numbers used, in the pipe rupture analyses.

Design earthquake stress ana1yses of the main steam piping are not available

for those sections within the turbine building. Therefore, breaks are

postulated to occur at each location of potential high stress 'or fatigue

(as per paragraph E).

7.1.1.2 Crack Breaks

In addition to the design basis breaks defined above, crack breaks with a '

ness were postulated at all potentially adverse locations for all piping.

7.1,2 Vulnerability of Essential Equipment to Damage

7.1.2.1 Equipment Near Main Steam Lines 1 and 2, Containment to G Row Anchor

Main steam lines 1 and 2 exit the north side of the containment at the
129'levation

(area F). They proceed to drop in elevation to 112'6" and then
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follow the side of the containment, first in a southwest, and then in a

southerly direction back towards the turbine building. They penetrate the

turbine building through column 15 wall, turn 90~ and head west, and are

anchored at G row. Equipment and structures necessary for a safe shutdown

of the plant which could be adversely affected by a rupture of these lines

have been identified as follows:

~ Primary containment

J wall

~ Wall at 15~

Feedwater isolation valves - lines 1 and. 2

Main steam relief and safety valves

Main steam check/isolation valve assembly (on the unruptured line)

~ Auxiliary feedwater lines

o Main steam lead 2 supply valve to auxiliary feedwater pump turbine

~ Electrical conduits to main steam and feedwater isolation valves
and to feedwater control valves

~ Feedwater flow sensors

~ Main steam pressure sensors

Auxiliary feedwater control valves and their electrical circuits

4 In addition to the above equipment, the main steam and feedwater
piping, vital conduits, and auxiliary feedwater piping are all
supported by a common restraint structure ca1led the pipeway.
Although a localized failure of the pipeway could be tolerated.,
gross damage which would result in its collapse could not.

MAY10 1974
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The conservatisms which must be applied with regard to pipe tra)ectories

and structural impact loads during an unrestrained pipe whip have led to

the conclusion that such whips of main steam lines 1 and 2 from containment

to G row anchor cannot be )ustified. Therefore, the piping restraint system

must be adequately designed to prevent whips which would result from breaks

at locations shown in Figure 7-3.

7.1.2.2 Equipment Near Main Steam Lines 3 and 4, Containment to G Row Anchor

Main steam lines 3 and 4 .exit the containment in area GW at the 129'leva-

tion. They traverse in a southerly direction towards the wall at 15~,

turn 90 and. run west, paralleling the 15~ wall. Near column row K, they

turn 90 and run north, make another 90 turn and penetrate through J wall

into the pipeway area. Following another series of turns and a drop in ele-

vation to 112'6", they run parallel to main steam lines 1 and 2 and are also

anchored at G row. Equipment and structures necessary for a safe plant shut-

down which could be adversely affected by a rupture of these lines are as

follows:

4 Primary containment

~ J wall

4 Xnterior columns

o Wall at 15-

Floors at elevation 115'nd 140'

Feedwater isolation valves - lines 3 and 4

3.6A>l
MAYlO l97)



1Vuclear Services Corporation

Feedwater control va1ves — lines 3 and 4

4 Auxiliary feedwater —lines 3 and. 4

o Main steam lead 3 supply valve to auxiliary feedwater pump turbine

o Conduits to main steam and feedwater isolation valves and to feed-
water control valves

o Main steam pressure sensors

~ Feedwater flow sensors

4 Electrical conduits and. penetrations into the containment

Main steam isolation/check valve assembly (on the unruptured
line)

Auxiliary feedwater control valves and their electrical circuits.

In addition, if the wall at 15 was destroyed, the following equipment

could be impaired.

~ Cable spreading room

~ Hot shutdown remote panel

~ 480 Volt load centers lF, 1G, 1H

~ Lighting distribution panels 13, 14, and 15

~ 480 Volt load center No. 1-2

~ Control room

o Safeguards instrument room Pl, Trains A and B

o Batteries, associated equipment and vita1 AC.

Schematics of this equipment in relationship to main steam leads 3 and 4 are

shown in Figures 7-4 through 7-7.

MAYi 01974
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Again, the conservatisms which must be applied if one allows the main steam

piping to whip in area GW would show unacceptable damage to the above safety

~ related equipment. Thus, the restraint system-on main steam lines 3 and 4,

from containment to G row anchor, must also be capable of preventing whips

resulting from the postulated breaks shown in Figure 7-3.

7.1.2.3 Equipment Near Main Steam Lines, Turbine Building Area

Past the G row anchor, main steam lines 1, 2, 3 and 4 traverse across the

turbine building in a west direction at the 112'6" elevation. Between rows

C and E they turn and. run vertically, turn again at elevation 144'6" and

are anchored at the turbine stop valves. Equipment and structures necessary

for a safe plant shutdown which could be adversely affected. by a rupture of

these lines are as follows:

o H wall

~ Wall at column 17

o Turbine building plate columns along column lines A and G

o Floor at elevation 140'

Component cooling water heat exchanger

o Essential identified electrical conduits (see section 6.3.1)

The relationship of the above structures and equipment is shown in the sche-

matics of Figures 7-8 through 7-10.
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In addition to the above mentioned essential equipment and structures the

diesel generators and cable spreading room are housed at the north end of the

turbine building in a seismic category 1 structure, area A (see Figure 7-9).

Thus any damage resulting'from a pipe rupture in the turbine building should

not propagate into area A and prevent these components from performing'their

minimum required function.

It is proposed to protect the above safety related structures and equipment

from the effects of pipe whip and get impingement by the following method:

A. Perform an evaluation of the turbine building to determine the amount

of structural damage resulting from an unrestrained pipe whip that the

building could sustain and still retain its capability to survive the

double design earthquake and support the design live and. dead building

loads. Those structures thus found not to be necessary to demonstrate

overall building structural integrity need. not be protected from the

effects of pipe whip.

B. At each postulated break location, determine if the trajectory and kinetic

energy associated. with an unrestrained pipe whip will result in a larger

amount of structural damage than the building can withstand and still
retain its overall integrity.

C. For those unrestrained pipe whips which thus show an unacceptable degree

of damage to building structure or which would. impact safety related

MNi0 1974
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equipment (i.e., the component cooling water heat exchanger) it is pro-

posed to prevent this damage'y the construction of rupture restraints.

These restraints will either prevent the whip entirely, or control the

whip such that it does not damage either safety related equipment or

structures. ~ In addition, it is proposed to construct impingement

barriers where necessary to prevent'n unacceptable degree of damage to

the above mentioned. structures and. equipment.

Pipe rupture analyses in the turbine building are currently in progress based.

upon this method.

7.l.3 Pipe Whip Analysis

At each postulated break location on the main steam piping, an evaluation

was made to determine which system operating condition would result in the

most severe hydrodynamic blowdown force-time history. In each case, it was

determined that the most severe condition was hot standby. At representa-

tive break locations along the piping, the resulting blowdown force-time

histories were determined using computer program PRTHRUST (Reference 7 ).

This program, along with the analytical methods used are described in

Appendix A, Section A.2. Advantage was taken of system symmetry where appli-

cable. Typical results of this analysis for the main steam piping are shown

in Appendix A, Figures A-3, A-4, and A-5.

Pipe whip analyses of the main steam piping system resulting from ruptures

at the identified break locations were conducted with the use of computer
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program PIPERUP (Reference 8). PIPERUP determines the dynamic nonlinear

response of a piping and restraint system to the time dependent blowdown forces

described above. A description of the methods of analysis incorporated. in

PIPERUP is provided in Appendix B, Section B.2. The mathematical models con-

structed of the main steam piping between the containment and G row anchor,

for use in the pipe whip analyses, are shown in Appendix B, Figures B-l through

B-4 for lines l through 4, respectively. The mathematical model of the main

steam piping in the turbine building is shown in Figure B-7. The results of

the pipe whip analyses include reaction loads on the piping restraints; deflec-

tions, shears, and moments at each pipe node point; plus description of yielding

and ultimate hinge formation in the piping if it occurs.

Advantage is taken of symmetry when possible. That, is, if a break at one

piping location is typical of another break at another location on either the

same line, or a different line, only one analysis need. be performed. Of course,

this is only possible if the blowdown forces, piping geometry and character-

istics, as well as restraint characteristics are all nearly identical.

Some typical results of this analysis for breaks on main steam lines l through 4,

from containment to G row anchor, are shown in Appendix B, Section B.3. Included

in the typical results tables of Appendix B are maximum values of piping dis-

placements, moments, strains, and support reaction loads. The results of

these analyses have determined that the location of the restraint system shown

in Figures B-l through B-4 is adequate to prevent all whips which could result

from breaks at the identified locations.
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Pipe whip analysis of the main steam piping in the turbine building is cur-

rently in progress using the method presented in Section 7.1.2.3.

7.1.4 Jet Effects

7.1.4.1 Main Steam Piping from Containment to G Row Anchor

The Jet impingement evaluation of main steam lines 1 through 4, from contain-

ment to G row anchor has determined ]et impingemept loadings on safety re-

lated mechanical equipment,,electrical and instrumentation conduits, other

piping, and basic building structure (walls, columns, etc.). Detailed des-

criptions of the criteria and methods of analysis used in this evaluation

are provided. in Appendix C.

At several of the main steam design basis break locations, get impingement

evaluations showed. unacceptable degree's of damage to safety related. equip-

ment. These locations were at:

A. Main steam line 1: breaks located on elbows from 1185 to 1180 and

1120 to 1115 (see Figure 7-3). L'arge potential damage to:

o Main steam and. feedwater isolation valves

o 'Auxiliary feedwater lines
o Vital electrical and instrumentation conduits

o Feedwater control valves

o Main steam and feedwater flow sensors

B. Main steam line 2: Breaks located on elbows from 2190 to 2185 and

2080 to 2075 (see Figure 7-3). Large potential damage to:
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4 Main steam and. feedwater isolation- va1ves

o Auxiliary feedwater lines and control valves

4 Vital electrical and instrumentation conduits

o Feedwater control valves
P

Main steam and feedwater flow sensors

C. Main steam line 3: Breaks located on elbow from 3180 to 3l70. Large

potential damage to:

o Feedwater control valves

o Vital electrical and instrumentation conduits

o Electrical penetrations and pullboxes on containment wall

Main steam and feedwater isolation valves

o Auxiliary feedwater lines and control valves

Main steam and feedwater flow sensors

D. Main steam line 4: Breaks located on elbow from 4070 to 4067: Large

potential damage to:

Feedwater control valves

Vital electrical and instrumentation conduits

Electrical penetrations and. pullboxes on containment wall

4 Main steam and feedwater isolation valves

o Auxiliary feedwater lines and. control valves

o Main steam and feedwater flow sensors

MAY10 1974
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. Rerouting of the above mentioned. safety equipment to protect it by means of

s'eparation would. be nearly impossible without ma)or redesigns of the plant.

Even then, the impingement effects associated with design basis breaks

would only be lessened. and. not eliminated. As an alternate, the erection
\

of impingement barriers to protect equipment routed along existing lines

would be very difficult for two reasons: (1) the extremely large forces

the impingement barriers must be designed to withstand (i.e. approximately

800 kips), and (2) the great areas over which the impingements can act.

The above difficulties associated. with protecting safety related equipment

from get impingements demonstrate the necessity to limit the Jet thrusts

resulting from design breaks at several of the postu1ated. break locations.

It is proposed that this flow limitation be accomplished by means of sleeves

which extend over the break location, These sleeves are shown and described

in detail in Appendix D, Section D.3, The locations where these sleeves

are to be placed are shown in Appendix B, Figures B-1 through B-4 for lines

1 through 4, respectively, The piping restraint systems shown in Figures

B-1 through B-4 are designed to maintain the process pipe within the sleeve

for either a longitudinal or circumferential pipe break within the sleeve.

In this manner, the only get impingement that can occur resu1ts from the

fluid egected in the small annular space between the process pipe and the

sleeve. The resulting potential target areas and jet impingement loadings

are, of course, much smaller.
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Some typical results of the get impingement analysis (targets and impinge-

ment loads) are given in Appendix C, Section C.4,1. Analyses to determine

the overall system effects of these loadings are still in
progress.'.1,4,2

Main Steam Piping in Turbine Building

As described in Section 7.1.1, design basis breaks of the main steam piping

in the turbine building are postulated to occur at each location of potential

high stress or fatigue. Jet impingement evaluations at representative loca-

tions showed large potential damage to:

4 KV bus auto transfer circuit (train H), which automatically
initiates safeguards equipment of one train

o Diesel generator 11 auto trip circuit

Diesel generator auto start back-up circuit

Component cooling water pump standby start circuit

Component cooling water supply header valve control circuits

First stage turbine pressure circuits
o Auxiliary feedwater pump auto start circuits on'main feedwater

pump trip
o Component cooling water heat exchangers and their associated valves

Construction of impingement barriers (and rupture restraints) to protect

this equipment from design basis breaks of the main steam piping and breaks of

other high energy lines in the vicinity would be impractical due to the large

areas that will need protection. Therefore, it has been proposed to reroute

VIAY101974
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most of the above vital circuits outside of the turbine building, protecting

them by means of separation. However, as the first stage turbine pressure

, signal originates at the turbine stop valves, this circuit cannot be similarly

separated. instead, it has been proposed to reroute this circuit behind. one

of the turbine pedestals (see Figure 7-8) down to the 85'ase floor slab,

at which point it will be imbedded in the floor until its penetration into

the auxiliary 'building. The turbine pedestal and the base floor slab will
function as a combination impingement barrier and. protective restraint.

As described in Section 7.1.2.3 it is proposed to protect the component

cooling water heat exchanger, along with its associated electrical conduits,

valves and. piping from the effects of pipe whip by the .use of selected. rupture

restraints and from the effects of )et impingements by the construction of an

impingement barrier.

7.1.5 .Compartment Pressurization

A rupture of main 'steam lines 1 and 2, between the containment and their en-

trance into the turbine building, would result in the steam being released di-

rectly into the atmosphere. Hence, no building compartments would be pressurized..

A rupture of main steam lines 3 and 4, between the containment and their

.penetration through J wall into the pipeway area, would occur in area GW

at the 115'levation. The design basis breaks at nodes 3180 and. 3170 on

line 3, and at nodes 4070 and 4067 on line 4 are sleeved (see Figures B-3

and B-4 for lines 3 and 4, respectively); hence steam can only flow in the
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small annular space between the sleeve and the process pipe. The resulting

building pressurizations would. be small. For each line, the two remaining

design basis break locations within area GW are at the containment anchor

(nodes 3295 and 4135 for lines 3 and 4, respectively) and at the relief
valve header tee (nodes 3273 and 4115 for lines 3 and 4), see Figure 7-3.

The circumferential breaks at the containment anchors are the more. severe

case as fluid can discharge from both sides of the severed piping simul-

taneously. Thus, it was the case analyzed.

4

Following a rupture of main steam line 3 or 4 at the containment anchor,

steam will discharge from both ends of the severed. piping into area GW.

This will cause safety in)ection and main steam isolation signa1s, thereby

closing the main steam isolation valves, feedwater motor operated isola-

tion valves, and feedwater control valves. Steam flowing from the steam

generator side of the break will continue until the feedwater lines are

isolated and the residual water in the steam generator has flashed. Re-

verse flow steam coming from the turbine side of the break would. normally

close the check valve, thus cutting off the flow. However, postulating

the worst case active component failure, the check valve is assumed not to

close. Thus, steam from the turbine side of the break is assumed. to con-

tinue until the main steam isolation valves on the three unbroken lines

close, and, the remaining residual steam in the lines flow out of the break.

Immediately following the break, steam discharged into area GW will result

in a rapid pressurization of this compartment. Steam will also flow through

)AY 3 01974
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the doorway into area GE, thus pressurizing it as well. It is proposed. to

prevent steam from entering the auxiliary building (area K) and the fuel

'handling building (area J) by means of closed doors. After a,short time,

venting from these compartments (most notably through the 98 ft~ opening

in J wall into the atmosphere) will exceed the steam discharged from the

break, and the compartment pressures will fall.

Enthalpy and flow rates of the steam into each of the compartments and

resulting pressures, are determined by computer program PRTHRUST (Reference

7). The resulting compartment pressurizations are verified by using a

modified version of the computer program CONTEMPT (Reference 9). Detailed

descriptions of the methods of analysis and values of data u'sed. are presented

in Appendix A, Section A.3., The results of this analysis are also presented

in Appendix A. The overall effect's of these compartment pressures are

evaluated in Appendix D, Section D.4, and were found not to damage .any safety

related structure to an unacceptable degree.

A rupture of the main steam piping within the turbine building would not

result .in any significant level of pressurization due to the extremely

large volume of this compartment. At worst, any small overpressures that

could be present would leak to the atmosphere through the wall siding. For

this reason, no compartment pressurization analysis of the turbine building

was deemed necessary.
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7,1.6 Flooding Analysis

Building flooding resulting from a rupture of the main steam piping can

only occur from steam condensation within a building compartment. As the

feedwater piping parallels the main steam, the resulting water levels would

be bounded by breaks of the feedwater piping.

7.1,7 Environmenta1 Effects

The purpose of the building environmental analysis is to determine the

temperature and humidity response in compartments in which safety related

equignent is required to operate following a process line rupture.

A rupture of main steam lines 1 or 2, between the containment and their

entrance into the turbine building, would release the steam directly to the

atmosphere. Therefore, operating conditions for safety related equipment

wou1d not be affected.

A rupture of main steam lines 3 or 4, between the containment and their

penetration through J wall into the pipeway area, would result in higher

than ambient temperature and, humidity in areas GW and GE. For the same

reason as discussed in Section 7.1.5 above, the most severe (i.e. highest

temperature) of the design breaks in the GW area would occur at the contain-

ment anchors (nodes 3295 and 4135 for lines 3 and 4, respectively). The

criteria and method of analysis used to determine -these environments as a

function of time are given in Appendix A, Section A.4. The results of
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these analyses are summarized below, under various postulated active com-

ponent failures. Average temperature is defined as a quasi steady state

value which is assumed to exist until the room returns to a 100 F temp-

erature.

Assumed Active Component Failure

Average Exposure
Temperature . Time

('F) (sec)

Main Steam Check Valve Failure

Feedwater Control Valve Failure

215

200

50

120

Postulated Break Underneath Sleeve with
Feedwater Control Valve Failure

180 320

The maximum temperature determined within areas GE and GW was found to be

300 F, but this exists for less than 2 seconds. The relative humidity

reaches 1004 within l0 seconds, and will remain at this value over a long

period of time.

The analysis to determine the capability of safeguard equipment to survive

in this environment is currently in progress.

7.1.8 Building and Structural Evaluation

Analysis of the piping restraint system considers the combined effects of

normal operating loads (i.e. deadload, etc.) in con)unction with seismic

and accident loads (i.e. pipe impact) on each piping restraint. The loading

combinations used are those specified by Reference 3. Evaluations are made
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on the restraint anchorage system, as well as on the restraint itself.

Effects of buckling and instabilities are included. A more detailed des-

cription of this analysis is provided in Appendix. D, sections D.2, D.3,

and D.4.

The results of this analysis in area GW and the pipeway area are complete.

They show that, based. upon the proposed restraint modifications and addi-

tions given in section D.2 and D.4, the restraint system (including anchor-

ages) will be adequately designed to withstand piping restraint loads re-

sulting from breaks at the identified locations.

Analysis of building primary structure (i.e. walls, columns, containment,

etc.) considers the combined effects of normal operation (i.e. live loads,

deadloads, seismic) in con)unction with accident loads (i.e. Jet impinge-

ments, restraint loads, compartment pressurization). The loading combina-

tions used are those specified in Reference 3. A more detailed descrip-

tion of this criteria and method of analysis is provided in Appendix D,

section D.4.

The results of the building structural analysis of areas GW, GE and the

containment show that the building primary structure is adequately designed

to withstand the structural loadings following a postulated pipe rupture

between the containment and. the G line anchor.

I
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Analysis of the turbine building structure for a break of the main steam

piping is currently in progress,

7.2 Feedwater Pi in

7,2,1 Determination of Postulated Break Locations

7.2.1.1 Design Basis Breaks

Like the main steam piping, as the feedwater piping is greater than four

inches in diameter, design basis breaks are assumed in both the longitudinal
I t

and circumferential directions. The criteria used for selection of design

basis break locations is that given in section 7.1.1.1. Again, for the

portion of feedwater piping between the containment and G row anchor, plots

of piping stresses versus distance were used for the selection .of interme-

diate break locations. The resulting plots of thermal and combined stresses

for feedwater lines 1 through 4, from containment to G row anchor, are shown

in Figure 7-11. As can be seen from these plots, there are no points between

the terminal anchors which exceed the AEC stress criteria discussed, in sec-

tion 7.1.1.1. Therefore, intermediate break locations were determined by

choosing the more highly stressed points.

The break locations thus selected for the feedwater piping, from contain-

ment to G row anchor, are shown on the isometric of Figure 7-12 These

break locations are also listed in Tables 7-5 and 7-6, together with the

criteria used. for their selection.
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Similar to the main steam piping, breaks of the feedwater piping within

the turbine building are postulated to occur at each location of potential

high stress or fatigue.

7.2.1.2 Crack Breaks

In addition to the design basis breaks defined above, crack breaks with a

flow area equal to one-half the pipe diameter times one-half the pipe thick-

ness were postulated at all potential.1y adverse'locations for all piping.

7.2.2 Vulnerability of Essential Equipment to Damage

7.2.2.1 Equipment Near Feedwater Lines 1 and. 2

Feedwater lines 1 and 2 closely parallel main steam lines 1 and 2, all the

way from containment into the turbine building. Therefore the safety re-

lated equipment and structures listed in Section 7.1.2.1 which could be

adversely affected by a break of main steam lines 1 or 2, could also be
f

adversely affected by a break of feedwater lines 1 or 2. Thus, the feed-

water piping restraint system must be adequately designed to prevent whips

which would result from breaks at the locations shown in Figure 7-12.

7.2.2.2 Equipment Near Feedwater Li.nes 3 and 4

Feedwater lines 3 and 4 also closely parallel main steam lines 3 and. 4 in

the GW area. Thus, the safety related structures and. equipment identified.

in Section 7.1.2.2 could also be adversely affected. by an unrestrained

whip of feedwater piping in area GW. For this reason, feedwater lines 3
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and 4 must be adequately restrained. to prevent all whips resulting from

the break locations shown in Figure 7-12.

7.2.2.3 Equipment Near Feedwater Piping, Turbine Building Area

The equipment and. building structure identified in Section 7.1.2.3 as being

located near the main steam piping, is also vulnerable to damage from pipe

whip effects associated with a feedwater break within the turbine building.

Thus the means of protection discussed in Section 7.1.2.3 also applies to

the feedwater piping.

7.2.3 Pipe Whip Analysis

On the feedwater piping an evaluation was also made to determine which system

operating condition would resu1t in the most severe blowdown loads. Again,

the hot standby condition was found to be the most severe case. Typical

results of this analysis are also presented in Appendix A, Figures A-6,

A-7, and. A-G.

Pipe whip analyses of the feedwater piping resulting from ruptures at loca-

tions shown in Figure 7-12 were a1so conducted with the use of computer

program PIPERUP. The mathematical models constructed of the feedwater

piping between the containment and G row anchor for use in the pipe whip

analyses are shown in Figures B-5 and B-6. These ana1yses have been com-

pleted, and show that the locations of restraints given on Figures B-5 and

B-6 are adequate to prevent whips which could result from breaks at the

identified. locations. Typical results of these analyses are also given in

Appendix B, Section B.3.
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The mathematical model constructed of the feedwater piping in the turbine

building is shown in Figure B-8. This analysis is currently in progress.

7.2.4 Jet Effects

Similar to the main steam system, get impingement evaluation of the

feedwater piping between containment and the G row anchor at several

of the feedwater design basis break locations showed unacceptable degrees
k

of damage to safety related equipment. Thus, it is also proposed. to

limit the Jet thrust at several break locations by means of sleeves. The

locations where these sleeves are to be placed are shown in Appendix B,

Figures B-5 and B-6, For a design basis break within a sleeve, the restraint

systems shown in-Figures B-5 and B-6 are designed to maintain the process

pipe within the sleeve.

Typical results of the feedwater Jet impingement analysis (targets and

impingement loads) are also given in Appendix C, Section C.4. Analyses

to determine the overall system effects of these loadings are still in

progress.

7.2.5 Compartment Pressurization

A rupture of feedwater lines 1 and 2, between the containment and their

entrance into the turbine building, would result in the water (and flashed

steam) being discharged directly into the atmosphere. Hence, no building

compartments would be pressurized..
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Within area GW, feedwater lines 3 and 4 closely parallel main steam lines

3 and 4. A rupture of the feedwater piping in GW would result in smaller

compartment pressurization (than a rupture of the main steam .piping) because
4/

of the smaller feedwater pipe size and lower fluid energy.

Similar to the main steam, a rupture of the feedwater piping within the

turbine building would not result in any significant level of pressuriza-

tion due to the large volume of this compartment.

7.2.6 Flooding Analysis

A rupture of feedwater lines 1 and 2, between the containment and their

entrance into the turbine building would result in the water spilling

directly onto the ground, Just outside of containment area F. From this

location, a portion of the water. would flash, while the remainder would be

absorbed into the soil and run off towards the ocean.

A rupture of feedwater lines 3 and 4 between the containment and. their

penetration through J wall into the turbine building would occur in area

GW at the 115'levation. Within area GW sleeves have been proposed. for

design basis breaks at nodes 1303, 1305, 1329, and 1331 on line 1 and at

nodes 1403, 1405, 1429, and 1431 on line 2 (see Appendix B, Figure B-6).

The maJority of the ~ater eJected in the small annular space between the

process pipe and, the sleeve would flash, with the resulting water levels on

the floor being minimal. At branch break locations 1307 and 1407 (3"
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'uxiliaryfeedwater inlet) and at 1347 and 1441 (6" bypass tees) water

levels resulting from discharges through a broken branch would again be

small due to the small flow area, Thus, the postulated break locations

with the largest flooding potential for area GW (and connected areas) are

at the containment anchor, nodes 1300 and 1400 for lines 3 and 4, respect-

ively.

The criteria and method of analysis used to determine the resulting water

levels and compartments affected. are given in Appendix A, section A.5.

The results of this analysis are shown in Figure A-16. As this plot shows,

the peak water level in area GW at the 115'levation is approximately 5

inches. Water also drains into area GE, but its peak level is less than 1

inch. Final drainage of the water is provided by a 13 foot wide opening

in J wall, which will discharge the water directly onto the ground.

A rupture of the feedwater piping in the turbine building would result in

essentially the same flooding conditions regardless of the break location.

That volume of water from the steam generator side of the break between the

check valves and the break opening will be acted upon by line pressure and

discharged. Similarly, the water between the break and the feedwater pumps

will also be discharged.. The condensate pumps are conservatively assumed

to run down until they drain the heater g2 drain tank and, the hotwells.

At this time they will be, tripped due to a low pump suction head. Water

thus discharged through the break will drain down to the 85'levation
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floor, where it will drain into the turbine building sump volumes. This

analysis showed that the total volume of water thus discharged is smaller

than the turbine building sump, volume, hence.a flooding potential in this

area does not exist. "

7.2.7 Environmental Effects

A rupture of'eedwater lines 1 and 2, between the containment and their

entrance into the turbine building would release the fluid directly to

atmosphere. Hence, no safety related equipment would be exposed to a

resulting adverse environment.

A rupture of feedwater lines 3 and 4 in area GW or a rupture of the feed—

water piping in the turbine building would 'be less severe, environmentally,

than a rupture of the main steam piping due to the lower fluid discharge

rate and lower fluid energy. Therefore, no additional environmental

analysis is required.

7.2.8 Building and Structural Evaluation

The criteria and method of analysis used. for evaluating the piping restraints

and building primary structure resulting from loads imposed by ruptures of

the feedwater piping is identical to that used for evaluation of main steam

ruptures. It is summarized in Appendix D.

The results of this evaluation in area GW and the pipeway area have been

completed and. are also summarized in Appendix D. Briefly, this analysis
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has found that, based upon the proposed restraint modifications and addi-

tional restraints specified in Appendix D, the restraint system and

building primary structure will satisfy the loading criteria specified by

Reference 3.
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rmosccT DIABLO CANYON UNIT 1

SUOJEGT MAIN STEAM PIPING

TABLE 7-1

SUNCAHY OF DESIGN BASIS BREAKS

MAIN STEAM LINE 1 » CONTAINMENT TO G ROW ANCHOR

Location
(NSC Node No.)

1215 .

1212

1210

1200

1195

1190

1185

i180

1120

1115

1060

1055

Location Type

Anchor at Containment

Relief valve outlet tee

Relief valve outlet,tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Elbow

.Elbow

Elbow

Elbow

Elbow

El'bow

Reason for Selection

"Terminal point

Branch point

Branch point

Branch point

Branch point

Branch point

High thermal & combined. stresses

High thermal 5 combined. stresses

High thermal E: combined stresses

High thermal E combined. stresses

High combined stress

High combined stress

1052

1050

1315

PCV header tee

G Row Anchor

Tee on PCV header

Branch point

Terminal point

Branch point
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vaoaccT., DIABLO CANYON UNIT 1

'UBJECT 'AIN STEAM PIPING

,TABLE 7-2

SUMMARX OF DESIGN BASIS BREAKS

MAIN STEAM LINE 2 — CONTAINMENT TO G ROW ANCHOR

Location
(NSC Node No.)

2225

2220

2215 '.

2205

2200

2195

2190

2185

2182

2080

2075

2015

2010

2005

2001

2245

Location Type

I

Anchor at Containment

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Elbow

Elbow

Steam to Aux FW pump
outlet tee

Elbow

Elbow

Elbow

Elbow'CV

header tee

G row anchor

Tee on PCV header

Reason for Selection

Terminal point

Branch point

Branch point

Branch point

Branch point

Branch point

High thermal stress

High thermal stress

Branch oint

High combined. 5 thermal stresses

Hi h combined & thermal stresses

Hi h canbined stress

High combined stress

Branch point

Terminal point

Branch point
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PROJECT DIABLO CANYON UNIT 1

SUOJECT MAIN STEAM PIPING

TABLE 7-3

SthQCBY OF DESIGN BASIS BREAKS

MAIN STEAM LINE 3 - CONTAINhKNT TO G ROW ANCHOR

Location
NSC Node No.)

3295

3282

3273

Location Type

Anchor at Containment
Steam to Aux FW pump
outlet tee

RV header tee

Reason for Selection

Terminal
oint'ranch

oint

Branch point

3510

3540

Elbow

Elbow

3550 Relief valve outlet tee

High thermal stress

High thermal stress

Brnach point

356o

'3570

3580

3590

3600

318o

3170

314o

3130

3080

3070

3060

3050

343o

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Elbow

Elbow

Elbow

Elbow

Elbow

Elbow

PVC header tce

G Row Anchor

Tec on PCV header

Branch point

Branch point

Branch point

Branch point

Branch point

High thermal 8 combined stresses

High thermal tt combined stresses

High thermal 8; combined stresses

High thermal 8 combined stresses

High thermal stress

High thermal stress

Branch point

Terminal point

Branch point
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PROJKGT 'IABLO CANYON UNIT 1

SUBJfCT MAIN STEAM PIPING

,TABLE 7-4

SUMl@BY OP DESIGN BASI BREAKS

MAIN STFAM LINE 4 - CONTAINMENT TO G ROW ANCHOR

Location
(NSC Node No.)

4135

4115

414o

4145

4165

417o

4175

418o

4195

4070

4o67

4o55

4o5o

4o25

4020

4005

4001

4o15

Location Type

Anchor at Containment

RV header tee

Elbow

Elbow

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Relief valve outlet tee

Elbow

Elbow

Elbow

Elbow

Elbow

Elbow

PCV header tee

G Row Anchor

Tee on PCV header

Reason for Selection

Terminal point

Branch point

High thermal stress

High thermal stress

Branch point

Branch point

Branch point

Branch point

Branch point

Branch point

High combined &: thermal stresses

High combined & thermal stresses

High combined &, thermal stresses

High combined 0 thermal stresses

High thermal tress

High thermal stress

Branch point

Terminal point

Branch point
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lVscclear Services G~rporrsEio~a

PROJECT DIABLO CANYON UNIT 1

SU0JECT FEEDWATER pIpING

TABLE 7-6

SU18iARY OF DESIGN BASIS BREAKS

FEEDWATER LINES 3 AND 4, CONTAINMENT TO JUNCTION WITH FWl

Location
(NSC Node No.) Location Type Reason for Selection

1300

1303

1305

1307

Anchor at Containment

Elbow

Elbow

3" Aux Feedwater tee

Terminal point

.High thermal 8 combined stresses

High thermal E combined stresses

Branch point

1329

133l

1347

1367

1369

1375

1400

1403

1405

1407

1429

1431

1441

Elbow

Elbow

6", Bypass tee

6" Bypass tee

Junction of FW4 with FW3

Junction of FW3 with FW1

Anchor at Containment

Elbow

Elbow

3" Aux Feedwater tee

Elbow

Elbow

6" Bypass tee

High thermal 0 combined stresses "„

High thermal h combined. stresses

Branch point

Branch point

Branch point

Branch point

Terminal point

High thermal E: combined stre ses

High thermal E combined stresses

Branch point

High thermal 8 combined. stre ses

High thermal 5, combined stre"ses

Branch point

3.6A-71'AYi 0 t974
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A.l INTRODUCTION

This appendix contains the thermal hydraulic analyses conducted to establish

(1) short term piping blowdown loads, (2) maximum compartment pressure,

(3) long term compartment environments, and (4) room flooding.

The short term piping blowdown .loads analyses are presented. in Section A.2

and were conducted to establish reaction forces on piping systems when pipe

rupture occurs. The blowdown reaction forces are then used. to determine

pipe whip and impact loading on restraints, walls and other obstacles. The

blowdown reaction loads are established up to 0.5 seconds after a bresk,

the period in which the ma)or pipe motion and. impact loads occur.

Calculation of maximum compartment pressurization due to a pipe rupture is

described in Section A.3. It is used. in the bui1ding structura1 evaluation

(Appendix D) to ensure integrity of that building structure necessary to

ensure safe plant shutdown following a postulated pipe rupture.

Safety related equipment must also be capable of surviving high temperature

and humidity conditions which might occur due to a pipe rupture. The long

term environmental conditions were therefore defined 'for evaluation of

equipment and are contained in Section A.4..

Flooding due to main line rupture was also considered and. is presented in

Section A.5.
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A.2 BUPTUREO PIPE BLOWDOWN REACTION FORCES

When a pipe containing high energy fluid ruptures a blowdown force is

generated on the pipe which causes the pipe to move. The particular motion

and velocities 'reached are dependent on piping geomet'ry, stiffness charac-

teristics, mass properties and reaction forces. The reaction forces due to

a break- must therefore be determined in order to establish pipe motion and.

impact loads into restraints, walls, and. other obstacles. The method of-

analysis used to establish the reaction forces and typical 'results are

presented in this section.

A.2.1 Criteria and Assum ions

Pipe rupture blowdown forces have been determined for the representative break

locations defined. in Tables 7-1 through 7-6 and are based on the following

criteria and assumptions:

A. For design basis circumferential breaks, the flow area is equal to

the pipe flow area with a discharge coefficient of 1.0.

For design, basis longitudinal breaks, flow comes from both upstream

and. downstream sides of the break. The break length is twice the

pipe, nominal diameter with a break 'area equal to'he flow area of the

pipe. A discharge coefficient of 1.0 is used.

C. The break opens in one millisecond.
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D. Initial conditions at time of break is that of the most severe normal

plant operating condition.

E. The piping system is modeled taking into account any flow limiters,

line restrictions and friction.

F. Failure of the most consequential in line-active component occurs

coincidental with the break.

For the short term blowdown analysis the most severe plant operating condition

is hot standby. At hot standby conditions, the system is at the highest

pressure, 1020 psia. It is also assumed that the plant is at full load

immediately prior to the break, thus resulting in the highest possible

„"feedwater temperature of 432 F. The steam generators contain a mixture of

steam and water, and the main steam lines contain saturated steam. Under a

hot standby condition, the turbine stop valves are also closed thereby maxi-

mizing the duration of blowdown forces.

The critical period for blowdown reaction forces is within the first 0.5

seconds, and during this short time the flow control or stop valves cannot

respond fast enough to affect short term blowdown forces. Only the isolation

check valves can operate within this time, and therefore, the single active

component failure is assumed to be a check valve. This assumption will

create maximum blowdown forces.
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For main steam line breaks, feedwater flow into the steam generators has no

effect on the results within the short 0.5 second critical time 'period.

, Similarly, a constant pressure feedwater supply from the feedwater pumps can

be assumed for the feedwater line breaks.

A.2.2 Methods of Anal sis

System blowdown calculations are made using the Nuclear Services Corporation

PRTHRUST computer program (Reference 7). PRTHRUST is a modification of

RELAP3 (Reference 10), the AEC's presently accepted Loss of Coolant Accident

analysis code (Reference ll), for the specific requirements of pipe rupture

analysis.

Zn PRTHRUST, the fluid system is mathematically modeled as an assemblage

of control volumes interconnected by flow paths. Characteristics of a

control volume include state of the contained fluid. and potential energy

addition or subtraction. Control volumes are used, to model such components

as pressure vessels, steam generators, heat exchangers and. the piping volumes.

Flow paths are used to interconnect control volumes and may include operable

control valves, check valves, fills and pumps. A time dependent thermal

hydraulic solution is then obtained. by integrating a set of differential

equations subject to the basic properties of water.

A basic mass and energy balance is performed. on each defined volume using

the following equations:
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—,', =g Cw,'I,
de (ivss ~cE)

w Qh +/Q (ENERGY MLANCE)

where

Mi = total mass in volume i
flow rate into volume i through )unction JiJ

U. = energy in volume ii
h. = enthalpy of flowing fluidiJ

Q. = heat input to volume ii
N = number of functions in volume i

Energy, Q., can be added (or subtracted.) by defining heat exchangers and/or

reactor core regions. Through suitable input parameters and. mathematical

modeling in the program the energy is calculated and used in the volume

energy balance. The .program also allows actuation of flow control and

energy devices to be triggered at a specified time or based on a physical

signal such as pressure or flow at a point in the system. The variation in

pump performance under transient conditions is also considered, if desired.
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The pressure, Pi, in each volume is determined. implicitlyby requiring the

mass of fluid, Mi, with internal energy, Ui, to fillthe control volume, V..

Through the use of entha1py, h , an estimated pressure, and the 1967 ASME1

steam tables (Reference.12), the specific volume of the fluid. is calculated

and compared to the known specific volume Vi/M. with the equation:
1

h. = i t P (THERMODYNAMIC PRESSURE)

Through an iterative process the volume pressure is determined.

Junction flows are calculated from the one-dimensional momentum equation.

144 g

where

g ,
= gravitational conversion constantc *

Junction inertiaA

W = average flow from volume i to volume i+1

(P. - P ) = thermodynamic pressure differential across the fluid. cori-i+1 .

tained in the flow volume
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bP = pump head
p

pdz = gravitational head across fluid column

K = net friction coefficient including normal friction losses

p = fluid density in volume g.

A limiting (choked) mass flow is defined in the program by Moody's two-phase

choked flow model (Reference 13) where maximum mass flow flux is a function

of stagnation pressure and enthalpy. The flow through the )unction is

chosen as the smaller of the inertial",flow (momentum equation) or choked

flow. Moody's model also defines the static pressure existing at the throat

(limiting flow area).

The discharging fluid thrust (reaction force) is calculated based on the

momentum equation applied to the control volume in which the break occurs.

From Reference 14, page 18:

a ~v.av ~(v.dA)v

where

gF = sum of external forces

FR = reaction blowdown force

F = pressure force
P
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time

c ov.

V

density

velocity

control volume

volume

area

gravitational constant

c ~ s ~ control surface

Transposing terms results in the simplified equation

F =F +F +F
R a m p

where

F = acceleration force = —J
d v.dV

a dtJ gC +VS C

F = momentum force = v.dA v
m

c.s gc

F = pressure force = A(P — P )
P e a

P = exit pressure
e

P = ambient pressurea
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The acceleration force, F , component is caused by the change in momentum

a'ith

time and can be approximated by:

W+ -W
F 1(2 ~

t+ht
a ht.gc

where

t = time

bt = calculation time increment

length of control volume

W = mass flow rate

The momentum force, F , represents momentum from the control. volume and. can
m'e

approximated by:

~Av Wv
2

gc 'c
The velocity, v, is the exit, velocity from -the break as determined from either

Moody's model or the momentum equation previously discussed.

The pressure force, F , is given by the equation:
P

F = A(P -P)
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If the limiting flow (choked flow) is established, P is determined. by

Moody's model. If inertial or unchoked flow exists P = P and the pressure
e a

force term is equal to zero.

The PRTHRUST computer program incorporates the above equations and solves

the time dependent parameters. Reaction force, flow rates, pressures, fluid

energy and other pertinent parameters'are listed as a function of time.

A.2.3 Cases Considered and ical Results

Short term blowdown reaction forces resulting from a design basis circumfer-

ential or longitudinal break have been calculated for twelve representative

locations on the main steam line and. twelve representative locations on the

feedwater line. The blowdown forces were determined for all locations re-

quiring pipe whip analysis. Each case represents more than one location

and was selected as the representative upper bound. reaction force for the

other break locations. The blowdown reaction forces were established for

the nodes summarized in Tables A-1 and A-2. Break location nodes are

identified in Figures 7-3 and 7-12 except for nodes 3580 and 1640, located

in the turbine building. Node 3580 is located in main steam'lead 3 at the

nigh pressure turbine inlet (see Figure B-7). Node 1640 is located in the

steam dump line adjacent to the turbine.

Typical models used in the analysis of blowdown reaction forces are given

in Figures A-1 and A-2. Figure A-1 represents a circumferenti'al break in

the main steam line at node 3050 (case No. 7A). For the hot standby
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'condition the turbine stop valves are closed, thereby stopping steam flow to

the turbines. The steam dump line and crosstie header connect all four
I

steam lines together thus feeding steam to both sides of the break. System

geometric parameters and. initial conditions input to the PRTHRUST computer

program for this case are given in Tables A-3 and A-4. The initial pressure

and steam generator quality used in the. analyses are 1020 psia and 0.04,

respectively. These values correspond to a hot .standby plant condition.

Figure A-2 represents a feedwater line longitudinal break at the G row

anchor, node 1000. As shown in Figure,A-2, the flow nozzles, check valves,
ll

and pumps have been modeled into the system., Tabular input to the PRTHRUST

computer program is given in Tables A-4 and A-5. Similar to the steam runs,

the initial pressure and steam generator quality are 1020 psia and. 0.04,

respectively.

A.2.3.1 General Discussion of Main Steam Line Blowdown Loads

At time zero the pipe rupture is postulated to occur and opens to the full
break area in one millisecond. Almost instantaneously the reaction force

reaches a value approximately equal to the pipe pressure times the break

area. The force increases steadily as the flow accelerates until choking

occurs. When the flow chokes the reaction force decreases due to the de-

creased acceleration force component. The reaction force then fluctuates

until a quasi-steady state flow condition is reached in the system. During

the quasi-steady state condition the reaction force varies with line pressure

ad]acent to the break. The reaction force decreases as the piping system

depressurizes.
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The maximum force for each run is summarized in Table A-l. The maximum

force is dependent on break area and ranged from 70,000 to 755,000 pounds.

A.2.3.2 General Discussion of Feedwater Line Blowdown Loads

Similar to the main steam line breaks, the reaction load almost instantaneously

reaches a value approximately equal to 1ine pressure times the break area.

The force, however, decreases rapidly due to the rapid depressurization of

the nearly incompressible fluid. The pressure stabilizes at the saturated

water pressure corresponding to the feedwater temperature with the force

proportional to the pressure. The reaction force then increases until choking

occurs. A quasi-steady state force is then reached and fluctuates with the,

system line pressure ad]'acent to the break. Table A-2 summarizes the maximum

force calculated for the various break conditions. The maximum force varied

from 44,000 to 595,000 pounds.
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A. 3. 0 COMPARTMENT PRESSURES

The obgective of the compartment pressurization analysis is to establish

structural integrity of that building structure necessary to ensure safe

plant shutdown following a postulated pipe rupture.

A.3.1 Areas Affected

A survey of the main steam and feedwater lines through the plant show that

a break in area GW at the 115'levation could pressur'ize this compartment

to a significant level. This region of the auxiliary building must maintain

its structural integrity to affect a safe plant shutdown.

A rupture of the main steam or feedwater piping outside of area F (north

of containment) would result in the steam being released. directly to atmos-

phere, hence no building compartments would be pressurized. A rupture of

the main steam or feedwater piping within the turbine building would not

result in any significant level of pressurization due to the enormous size

of this compartment.

A.3.2 Criteria and Assum tions

In the event of a main steam line break in area GW (elevation 115') the room

would be pressurized by the 'steam escaping from the break. ,Pressurization
I

of this room would also occur'"if a feedwater line broke in this area. In

this case, however, the portion of the feedwater flashing into steam would

cause the pressurization. It has been determined. that the*energy and mass

blowdown from a double ended. circumferential main steam line break is more
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severe than the blowdown from a longitudinal main steam line break or a

circumferential or longitudinal break of a feedwater line. This incident,

having the greatest potential for damaging the room due to overpressuriza-

tion, was therefore selected for analysis.

Compartment GW pressurization was calculated using the following assumptions:

A. The criteria of Section A.2.1 apply except as modified below.

B. The reactor is operating at full load conditions. Reactor trip
occurs a maximum of 0.9 seconds after sensing of a high steam line

pressure differential (Reference 4, Figure 7.2-1 and Reference 15).

C; The heat transferred from the primary coolant to the steam generator

depends on the temprature difference between the primary and the

secondary sides of the steam generator and on its overall conductance.

The heat added to the primary coolant includes reactor decay heat

and heat stored in the primary system and was taken from Reference 15.

Steam generator pressure is 1020 psia with a 6$ quality,,corresponding

to a full load plant operating condition, and the feedwater temperature

is 432.5 F. These, values were, obtained from Reference 4.

E. Auxiliary feedwater supply is 675 gallons/minute (Reference 15) to

each feed line and is initiated in 2.0 seconds (Reference 4, page

7.3-6).

I'AY
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F. Ho credit is taken for area reduction in valves.

G. In area GW, at the lip'levation, credit was taken for venting

steam to the atmosphere through the construction opening in Z

wall.

H. The compartment volumes 'and venting areas used. in evaluation of

pressures are as shown in Figure A-ll.

I. The walls and floors were modeled as exposed concrete surfaces to

simulate their heat sink effect.

Z. A relative humidity of 604 exists in the area GW at the time of the

break with an initial temperature of 70 F and pressure of 14.7 psia.

K. A discharge coefficient of 0.6. was assumed for all vent areas.

L.' full load plant operating condition with an initial line pressure

of 1020 psia with no'ressure drop in the piping system is u Qd.

This condition represents the worse possible condition c;nceivable

in that the reactor power is maximum, flow control valves are wide

open,, and. pumps are at full load.
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A.3.3 Anal ical Methods

The compartment pressurirations were determined using two different tech-

niques. In the first method, a long term blowdown analysis was initially
performed using Nuclear. Services Corporation computer program "PRTHRUST"

(program description and capability. is discussed in Section A.2.2) to

determine the mass flow rate and enthalpy out of the break. No compartments

were modeled and the break flow was assumed vented to the atmosphere

(14.7 psia) for conservatism. The PRTHRUST model used is given in

Figure A-9. The results from this analysis, namely, mass flow rate and

enthalpy, were then used as input to a modified version of computer program

"CONTEMPT" (Reference 9) to determine the maximum pressures in the compart-

ment.

The CONTEMPT program predicts the pressure-temperature response of a volume .

(the building compartment) to an energy source (flo'w from the ruptured

steam line). The input conditions for the program are the flow rate and the

enthalpy of the leaking system. The building volume is separated into a

liquid region and a vapor region (initially air) with each region assumed to

have a uniform temperature, The compartment is represented as consisting of

several heat-conducting structures whose thermal behaviour can be described

by the one-dimensional, multi-region, heat-conducting equation. The program

also includes the compartment leakage.;through venting areas. 'A schematic

of the CONTEMPT model is given in Figure A-10'.."
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The above technique to determine maximum pressures assumes all venting

from the. compartment is to the atmosphere, including those vents to ad-

Jacent rooms. This is due to the program incapability of modeling more

than one volume or more than one vent'rea. The validity of this assump-

tion Sor the GW compartment was checked with the more representative

multi-compartment analysis.

This second method of analysis was run using PRTHRUST (Reference 7), which

has a multi-volume capability. The adJacent GE and lower level GW com-

partments were modeled along with the GW compartment, in which the break was

postulated.. The pressure time history in each of the compartments could

therefore be determined.. This method. assumes an initial steam environment

in all compartments. The PRTHRUST compartment model is given in Figure

A-ll. For conservatism, the higher of'he two pressures determined was

used in the structural analysis to establish the capability of the wall

and floors to withstand. pressurization.

A.3.4 Results and Discussion

Analyses indicated that the construction opening in the J wall of compartment

GW elevation 115'as required. to limit the consequences of a steam line
break in this room with regard to pressurization. Accordingly, credit was

taken for this additional vent area in all analyses. The predictions of

building peak pressure for the GW and GE areas at elevation 115're
shown in Figures A-12 and A-13.
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The CONTEMPT analysis gave a slightly higher peak pressure. Pressures

resulting from this analysis are shown in Figure A-12. The pressure

reaches its maximum value of 23.96 psia,in 0.27 seconds and drops down to

about 19 psia within 0.9 seconds. The corresponding PRTHRUST pressures are

shown in Figure A-13. Here the peak pressure is 20.46 psia which occurs

in about 0.15 seconds. Pressurization levels in the adjacent GE and GW

(100'levation) compartments are also shown in Figure A-13. Results

indicate that sufficient venting is available in these adjacent compart-

ments to keep the peak pressures down to relatively low levels (<1 psi).

This confirms the assumption made in the CONTEMPT analysis that vents to

these compartments can be represented. as vents to atmosphere. The CONTEMPT

analysis, which gave the higher maximum compartment pressure, was used for

evaluation of building structural integrity (Appendix D).
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A,4 ENVIRONMENT 'CONDITIONS

The obJective of the long term building environment analysis is to estab-

lish the temperature and humidity transient response within a building

during a main process line break. This is required. to verify that no

safety related equipment required for safe shutdown of the plant becomes

inoperative due to this exposure.

A.4.1 Areas Affected

A review of the main processing lines (feedwater and steam) has been made

to establish those building regions where a line break will expose equip-

ment used for safe plant shutdown to a high humidity and temperature environ-

ment.

Main processing lines 1 and 2, from the north side of the containment build-

ing to the turbine building entry, are routed in such a way that any postu-

lated line break would vent directly to the atmosphere and would. create no

danger to safety related equipment.

A rupture of main line leads 3 or 4 between the containment building and.

their entrance into the turbine building (via penetration through J wall)

would occur in area GW at an elevation of 115'. Hot steam would mix

with air in this compartment with leakage (of the mixture) into the following

adjacent areas:
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A. Compartment GE at elevation 115'. The venting would occur

through the doorway and through the opening between the containment

and the wall separating GE from GW.

B. Compartment GW at elevation 100'. Venting would occur through the

annular opening between the containment wall and the floor at eleva-

tion 115 feet and through small openings in the floor.

C. The turbine building through miscellaneous holes in the J wall.

D. Venting to the atmosphere through the construction opening (assumed

to remain), various small holes in the ceiling and through the annular

space between the containment wall and the ceiling. at an elevation of

Steam. leakage to other areas will be of a very insignificant amount. Steam

will be prevented from escaping into the auxiliary building (area K) and the

fuel handling building (area J) by maintaining closed doors to the GW and

GE 'areas.

A rupture of the main steam or feedwater lines within the turbine building

wi13„ not result in any significant temperature or humidity rise due to the

large volume and heat sink surface of this building.
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A.4,2 Criteria and Assum tions

As discussed above, a rupture of main steam or feedwater lines 1 or 2 on

'he north side of the containment would result in direct venting to the

atmosphere with no resulting consequence.

The highest peak environmental temperature in area GM would be caused. by

a circumferential break of a 28 inch main steam line. A main steam line

break will release more energy and be more severe than any other break.
l

Since main) steam lines 3 and h in this region are almost identical, only

line 4 was%selected. to be analyzed.

I

The conditions and assumptions used for this analysis is as follows:

A. The p5.ant is operating at full load.. At full load conditions, flow
i

control valves are wide open, pumps are at full flow and reactor

power is at maximum. This operating condition gives the highest long

term (>2 seconds) environmental temperatures.

B.

C.

l.Off-site power is lost concurrently with the pipe rupture, unless a

more severe condition exists when off-site power is not lost.
1

J

A failure'of one active flow control device (flow control valves,

check valves, isolation valves etc.) is assumed. The device which is

assumed to fail is selected to give the most severe environment. For

3. 6A-].3.3

MAY10 1974



1VucIear Services Corporation,

the postulated main steam line 3 or 4 breaks it has been established

that the most severe condition exists when either the main feedwater

control valve or the main steam check valve fails in the line which

ruptures.

D. Reactor and safety infection trips, setpoints, and delays used were

those established. in the Final, Safety Analysis Report (Reference 4).

Table A-7 defines the setpoints and activation times for the various

components in the system. The setpoint values include measurement

inaccuracies which will result in the most severe environmental condi-

tions.

E. Initial compartment pressure, temperature, and relative humidity

values assumed in the analysis are 14.7 psia, 70~F and 60fo, respect-

ively.

F. A total vent area of 338 square feet with a discharge coefficient of

0,6 was used. The vent area includes the construction opening in the

J wall which is assumed to remain open.

G. The time after main"steam line rupture to reach the various setpoints

was established through thermohydraulic modeling of the system with

the postulated breaks. Various times were established for the trip
I

signals depending on which assumed active flow component failed.
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H. Only heat losses to 'the compartment walls, ceiling and. floor were

considered.

A,4.3 Anal ical Methods

The methods used in this analysis is the same as the first technique des-

cribed in Section A.3.2. That is, computer program PRTHRUST was used to

model the feedwater-steam-reactor system and to establish leakage rates and

energy levels for the postulated breaks and conditions. A model of the

system is given in. Figure A-9. The mass discharge rate and fluid enthalpy
g

from the leak were then input to the CONTEMPT computer program to establish

an energy/mass balance in the compartment volume. Figure A-10 is the model

used for the CONTEMPT program. Based on the energy/mass balance, compart-

ment temperature, pressure and relative humidity were established. Reactor

trip, safety inJection, and valve closure signals were established based. on

a series of preliminary PRTHRUST runs.

Three main steam pipe rupture conditions were evaluated since each gave dif-

ferent 'temperature versus time histories. The three runs analyzed were:

A. . Break postulated to occur at node 4135 with the feedwater control
'alveassumed to fail (see Figure B-4).

B. Break postulated to occur at node 4135 with the main steam check

valve assumed to fail.

3.6A-115
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l

C, Break postulated to occur at node 4070 (underneath the impingement

sleeve) with the feedwater control valve assumed to fail.

The postulated bre~ location at node 4115 was not evaluated since a break

at node 4135 is a double ended break and more severe.

A.4.4 Results and Discussion

The results of the analysis are given in Figures A-14 and A-15. The maximum

temperature reached in compartment GW (outside the main break leakage get)

is 300 F but only exists for approximately two seconds. A semi-stabilized.

steady state temperature. is reached after a relative short period of time.

As shown in Figure A-14, both the magnitude'and duration of this stabilized

temperature are dependent on which flow component is assumed to fail.
Since equipment capability of surviving high temperature exposure is depen-..

dent on exposure time all three cases are shown. Approximate temperatures

and. exposure times are summarized below.

Assumed Active Com onent Failure

Average
Temperature

('F)

Exposure
Time

~Sec )

Main Steam Check Valve Failure
1

Feedwater Contr )1 Valve Failure

215

200

50

120

Postulated. Break in Sleeve with Feedwater
Control Valve Failure 180 320

The relative humidity of the compartment, Figure A-15, reaches 100$ within

10 seconds and rem ~ins at this value.

WAYi 0'197/)

3.6A-116



1Vuctear Services Corporation

A. 5 BUILDING FLOODING ANALYSIS

The purpose of the building flooding ana1ysis is to verify that no safety

related equipment becomes submersed. in water following a rupture of high

energy piping. In addition,'no conduits required, for safe shutdown of the

plant should be exposed to a high temperature environment for such a time

as to become inoperative. This evaluation consists of determining which

buildings and compartments are affected following a break; the resulting

water levels, temperature, and flow paths; and the eventual means of

drainage'.

A.5.1 Areas Affected

Ruptures of feedwater piping leads 1 and 2 between the containment and their

entrance into the turbine building (through column row 15),would result in

the water draining directly onto the ground )ust outside of containment

area F. From this location a portion of the water would flash, while the

remainder would drain off towards the ocean and be absorbed into the soil.

A rupture of feedwater leads 3'and 4 between the containment and their en-

trance into, the turbine building (via a penetration through J wa11) would occur

in area GW at the 115'levation. Water would drain onto the floor and subse-

quently also flow into area GE. It is proposed. that water will be prevented from

flowing into the auxiliary building (area K) and the fuel handling building

(area J) by closed. doors. Drainage is provided by a 13 foot wide opening

through J wall in area GW overlooking the pipewsy. Water would. flow down the

3.6A-117
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side of J wall and subsequently drain towards the ocean. If the water level-

in area GW (or GE) becomes greater than 4 inches, sleeving around piping

floor penetrations would permit water to drain down to areas GW and GE at

the 100'levatic >. In addition, if the water level becomes greater than

8 inches, wat'er will overflow the curb separating the containment annular

space from areas GW and GE and follow the containment side down to the
85'levation.

I

A rupture of the feedwater piping between walls 15 and. J and. the G row.

anchor would result in the water draining into the turbine building. Thus

a rupture in this area or a rupture of the feedwater piping within the tur-

bine building both result in the same areas being affected.. The water will
drain down to the 85'loor where it will eventually drain into the turbine

building sumps.

A.5.2 Criteria and Assum tions

A.5.2.1 Feedwater Ru tures Between the Containment and the Turbine Buildi

As discussed in Section 5.1, a rupture of the feedwater piping on the north

side of the containment, in area F, would result in the ~ater spilling

directly onto t,. i ground and hence result in no flooding problem.

In area GW, design basis ruptures of the feedwater piping are postulated. to
'

occur at the loiations shown in Figure 7-12. At break locations 1303, 1305,

1329 y l331 1403 1405 y 1429 y and 1431, it is proposed that the piping be

MAY>01974
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sleeved (see Figure B-6); thus water could only flow out of the annular

space between the process pipe and the sleeve. The maJority of the

egected water would flash, with the resulting water levels on the floor

being minimal. For design basis ruptures of the 6,inch feedwater tees

(nodes 1347 and 1441 - see Figure B-6) the resulting ~ater level would

again be sma11.

A design basis rupture of the feedwater piping at the containment anchors

(nodes 1300 and 1400 for leads 3 and 4, respectively) would thus resu1t in

the most severe flooding problem for areas GW and GE. Although the flued

head anchors for nodes 1300 and 1400 are actually located inside the con-

tainment, a rupture on the feedwater pump side of the anchors would result

in water being egected into area GW. For the worst case flooding analysis,

the feedwater is assumed not to flash and flow in its entirety onto the 115

foot elevation floor.

Water fram the steam generator side of the break would flow until the

water level in the steam generator drops below the sparger inlet. In addi-

tion, the piping is assumed to completely drain. The flow rate is determined

during the hot standby condition fram the short term blowdown analysis

(Appendix A, Section A.2) and is taken subsequent to flow choking at the

exit plane (this occurs at approximately O.l sec). The resulting flow rate

of 110 ft /sec is assumed to remain constant until the entire water volume

of 605 ft is discharged.

3.6A-'119
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Drainage from the feedwater pump side of the break will continue until the

isolation valves (nodes 1317 and 1417 for lines 3 and 4, respectively—

see Figure B-6) and control valves (nodes 1353 and 1447 for lines 3 and 4,

respectively) close, Signal actuation for valve closure is taken as 2 sec,

per page 7.3»5 of Reference 4. The feedwater control valve will then close

within 5 sec upon receipt of the actuation signal (per page 9, Reference

16 ). The motor operated isolation valves are assumed. to close in 54 seconds.

Postulating the worst case active component failure, the control valve is

assumed to fail in the open position. Thus, blowdown from the pump side

of the break can occur for a time period. of 56 seconds (2 sec actuation

time plus 54 sec closure time) providing offsite power is not lost. For

the worst case analysis used herein, another 8 seconds of blowdown was

added. to account for the additional time required to'tart up the diesel

generators (Reference 4, page 8.3-13). For conservatism, flow rate during

blowdown is taken from the results of the short term blowdown analysis,

following choking at the feedwater flow nozzle. The resulting flow rate
is'3.5

ft3/sec.

Floor areas of compartments GW and GE were determined from Reference 17.

Drainage areas around piping penetrations through the 115'levation floor

were determined by on-site measurements. A summary of ana1ysis data and

assumptions is presented in Table A-8.

MAY10 1974
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A.5.2.2 Feedwater Line Ru ture Within the Turbine Buildin

A design basis rupture of the feedwater piping'within the turbine building

would essentially result in the same flooding conditions regardless of the

break location. Water would be eJected from the steam generator side of

break as a result of line pressure. The quantity of water is conservatively

assumed to be that volume contained between the feedwater check valves and

the feedwater pumps (2750 ft ). Water was also conservatively assumed to3

be discharged from the feedwater pumps until the hotwells (19,000 ft , per3

Section 10.4.1 of Reference 4) and the heater g2 drain tank (1460 ft , per3

Reference 17) are drained. At this time, the condensate pump would be

tripped as a result of low pump suction head. Thus. the total volume of

water available for discharge into the'urbine building is 23,210 ft3

L

As discussed in Section A.5.l,,this water will drain down to the floor at

the 85'levation. From this location it will drain into the turbine

building sump volumes, with perhaps a small quanity flowing into the Unit

2 turbine building. From Reference 17 and as a result of field measure-

ments, it was determined the Unit 1 total sump. volume is 62,476 ft . Thus3

e

the entire quantity of discharge water can be accomodated in the 'sumps.

A. 5. 3 Method of Anal sis

Flow rate of water into area GW was determined as in Section 5.2.1 above.

The transfer rates from area GW to GE (and vice versa) and from GW through

3. 6A-121
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the 13'pening in J wall were determined by application of Bernoulli's

and continuity formulas -for rectangular channel flow.

h

C bVdy (Continuity)

2 ~

V = 2gy (Bernoulli)

where:

discharge rate

b = channel width

g = gravitational constant

h = water height

C = discharge coefficient = 0.6
D

'y = dy flow element head

dy = flow element thickness

Combining equations and integrating

Q, = C b (2gy) dy1/2

0

C b 2g y dy

0

MAY10 1974
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Q = 2/3 CD b /2g h

The above expression is used to determine the volume of water wI ich is

discharged through the construction opening out into the pipeway area.

Similarly, the flow of water from area GW to area GE can be repre"ented as

3/2 h 3/2
QGW to GE

= 2/3 CD b 2g hGW
—

hGE

For water drainage over the 4 inch high piping penetration sleeves, and

over the 8 inch curb separating the containment annular space from areas

GW and GE, the following formula was used.:

CDA 2 g (h — hd)

where:

A = drainage area

hd = drain height

CD
= discharge coefficient

This equation can be derived from the Bernoulli and. continuity equations,

similar to channel flow. A discharge coefficient of 0.6 was used. in both

flow rate equations. The resulting water levels in areas GW and GE were

then determined. through the integration of the equation:

3.6A-123
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h(t) =
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A.5.4 Discussion of Results

The resulting water levels in compartments GW and GE are shown in Figure

A-16. Immediately following the break, water from each section of the

severed. piping flows into area GW. The water level rises as the input flow

exceeds drainage. Water also flows through the contracted doorway into area

GE, but its level lags that of GW. Finally at 64 seconds, drainage through

the 13'pening in J wall exceeds volumetric input from the severed piping

and the water level in GW begins to subside. The water level in GE will
continue to rise until it reaches that of GW, after which time it too will
subside. Although some water (approximately 820 ft ) will overflow the 4"

high piping floor penetration sleeves and enter GW at the 100'levation,

this water is expected to flash and not result in any signi:ficant depths

at this lower elevation. The drainage provided. by the 13'pening in J ~

wall will result in early all the e]ected water spilling onto the ground,

where it does not affect any safety related equipment.

A rupture of the feedwater piping within the turbine 'building wil1 even-

tually result in all the discharged water draining into the sump volumes

below the 85'levation. Thus 'the 85'loor will not be covered. by any sig-

nificant height of. water for any period of time.

MAII'IO I974
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TABLE A-1

MAIN STEAM LINE BLOWDOWN REACTION LOAD SUMMARY

Case
No.

Node
(PG&E/NSC No.)

Location
Break
Type
(Area)

Max.
Force
(kips)

1C

7A

7B

10

10B

3-50/3295

3-50/3295

-3-50/3295

3-40/3273

3-84/355o

3-28/3170

3-5/3050

3-5/3050

75/ 3580

3-10/3060

—/164o

—/164o

At containment penetration

At containment penetration

At containment penetration

Branch to pressure relief
valves

In relief valve branch

At elbow close to J wall

At G wall anchor

At G wall anchor

At turbine inlet

Branch to PCV header

Dump line break near
turbine

Dump line break near
turbine

S.G. side
(3.687 ft )

Turbine sjde
(3.687 ft )

Longitudigal
(3.687 ft )

Branch
(2.655 ft )

Branch
(0.330 ft )

Turbine sjde
(3.687 ft )

S.G. side>
(3.687 ft )

Turbine sjde
(3.687 ft )

Longitudigal
(3.687 ft )

Branch
(1.485 ft )

S.G. side>
(2.028 ft )

Dump side
(3.221 ft )

615

67o

616

500

70.0

755

755

719

273

338

493
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TABLE A-2

FEEDWATER LINE BLOWDOWN REACTION LOAD SUMMARY

Case
No.

Node
(PGhE/NSC No.) Location

Break
Type
(Area)

Max.
Force
(kips)

2G

4F

6F

7F

8F

10A

10B

10C

10D

115/1300

115/1300

130/1329

130/1329

130/1331—

139A/1347

50/1369

lo/1375

5/looo

5/looo

5/1000

lo/1375

At containment penetration

At containment penetration

At elbow upstream of iso-
lation valves

At elbow upstream of iso-
lation valves

At elbow upstream of'so-
lation valves

6" bypass line

Lead 4 split from Lead 3

Lead, 3 5 4 split from
Lead 1 h 2

At G wall anchor

At G wall anchor

At G wall anchor

Lead 3 5 4 split from
Lead 1 8 2

Heater si$ e
(1.118 ft )

S.G. side
(1.118 ft )

S.G. side2
(1.118 ft )

Heater si$ e
(1.118 ft, )

Longitudigal
(1.118 ft )

Branch
(o.181 ft )

Branch
(1.118 ft )

S.G. side>
(2.391 ft )

Heater s$ de
(4.13 ft )

S.G. sidg
(4.13 ft )

Longitudjnal
(4.13 ft )

Branch
(2.391 ft )

162

162

162

162

162

44

166

345

598

598

595

344
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PROJECT DIABLO CANYON UNIT 1

SUBJECT MAIN STEAM BLOWDOWN ANALYSIS

SHEET

TABLE A-3

Operating Conditions: Hot Standby
C

Break Type & Direction'. Circumferential Break at Node 3050
Steam Generator Side of Break — Case 7A

VOLUME DATA

Vol.
No. Descri tion

Steam Generatorsl-l, 1-2, and 1-4

Volume from Steam Generatorsl-l, 1-2 & 1-4 Up to Header

Main Steam Cross Tie
Header

Steam Generator 1-3 Up to
Header

Volume
3

17274

5761

244

1447

Pressure
( sia

1020

1020

1020

1020

Temp.
oF) Qualit

0.04

1.0

1.0

1.0

Steam Generator 1-3
Break Volume — From Break
to Header

Volume of Leads 1, 2 & 4 from
Header through Dump Cross Tie

o re

5758

14

422

1020

1020

1020

1.0

0.04

1.0

3.6A-127
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PRtxlECr DIABLO CANYON UNIT 1

SUMQQ7 MAIN STEAM BLOWDOWN ANALYSIS

TABLE A-4
Operating Conditions: Hot Standby

Break Type & Direction: Circumferential Break at Node 3050
Steam Generator Side of Break — Case 7A

JUNCTION DATA

Inlet
Vol.
No.

Outlet
Vol.
No.

Junction
Inertia-L/A

(ft )

14.04

21.47

36.015

Minimum
Flow Area

ft )

4.185

4.454

1.485

Initial
Flov

ibm/sec)

0.0

0.0

0.0

riction
actor(k)
kxlO

1.05

1.2

10.66

Comments

Flov Nozzle in Leads
1,28 4

Leads 1, 2 L 4 Connect.
to Main Steam Header

Lead 3 Connection to
Main Steam Header

36.015

0.495

1 395

1.485

0.0

0.0

10.46

0.134

Flov Nozzle in Lead 3

0.495

15 52

15 52

3.687

1.485

3.687

0.0

0.0

0.0

0.0

6.68

0.0

Break at G wall anchor

Leads 1, 2 & 4 Connect.
to Main Steam Header

Opposite Side of Circ.
Brk. at G Wall Anchor
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RKLIECT,DIABLO CANYON UNIT 1

SUBJECT FEEDWATER BLOWDOWN ANALYSIS

~TA3LE A-

OPerating Conditions: Hot Standby

Break Type II Direction: Longitudinal Break at Node 1000 — Case 10C

'VOLUME DATA

Vol.
No. Descri tion

'Volume

3)
Pressure

(asia)
Temp o

( F)

1 , Steam Generator 1-3 5758 1020

Steam Generator 1-1 5758 1020

Steam Generator 1-2 5758 1020

10

Steam Generator 1-4

Steam Generator 1-3 to Tee
Node 1375

Steam Generator 1-2 to Tee
Node 1163

Steam Generator 1-1 to Reducer
Elbow Node 1191

Steam Generator 1- to Tee
Node 1369

Break Volume From Node'1191
to Node 1014

Line From Node 1014 to Heater
Volume Node 1042

5758

243

234

467

158

312

365

1020

1020

1020

1020

1020

1020

1020

432

432

432

432

432

432

12

13

Heater Volume

Pump Discharge to Heater Vol-
ume Nodes 660 8 500 to Node 58

Water Supply Reservoir

700

945

10000

1020

1020

62o

432

432

432
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PRQJECT DIABLO CANYON UNIT 1

FEEDWATER BLOWDOWN ANALYSIS

TABLE A-6

Operating Conditions: Hot Standby

Break Type 8 Direction: Longitudinal Break at Node 1000 — Case loC

JUNCTION DATA

Inlet
Vol.
No.

Outlet
Vol.
No.

Junction
Inertia-L/A

)

83

72

Minimum
Flow Area

m )

o.442

o.442

Initial
Flow

ibm/sec)

0.0

Friction
Factor(k

18o.3

- 147

Comments

Sparger Area

Sparger Area

o.442 0.0 152 Sparger Area

66 o.442 0.0 149 Sparger Area

66

83

o. 358

o.358

0.0

0.0

93. 8

125

Flow Nozzle

Flow Nozzle

o.61 4.13 0.0 Break

191 o.358 0.0 190 Flow Nozzle

29 o.358 0.0 0.94 Flow Nozzle

10 25 7 4.13 0.0 o.387

10 16.7 2.391 0.0 0.72

12 26.5 2.391 0.0 o.664

13 12 20.5 2.391 0.0 o.45

MAV10 1974
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~TABLE A-

MAXIMUMACTXVATION TXME SETPOXNT SUMMARY ASSUMED

FOR ENVIRORIENT 'NALYSIS

Steam Isolation Check Valve Closure

Time to
Receive
Signal
(Sec.)

Time to
Complete
Function

(sec.)

0.05 to
0.20

Total
Time

(Sec.)

0.05 to
0.20

Time
Used

(Sec. )

0.20

Setpoint"
Condition

Turbine Stop Valve Closure

Auxiliary Feedwater Pumps Started
With off-site power

With loss of off-site power

1.20

2.00

10.00

>0.10

Up to 50.

Up,to 50.

>1.30

2.0 'to
52.0
10.0 to
6o.o

1.30

2.00

Reactor Scram

Feedwater Control Valve Closure

Steam Isolation Valve Closure
High Mass Flow/Low Pressure Setpoint
High Mass Flow/Low Temperature Set-

point

Main Feedwater Pumps Stopped.

0. 90

2. 00

2.00
6.oo

-3. 50

Up to 1.8

5.50

5 50
5 50

Up to
59 0

Up to
2.7

7.50

7.50
11.50

3+5 to
62.5

2.70

7.50

7.50
11.50

62.5o

Feedwater Isolation Valve Closure
With off-site power
With loss of off-site power

2.00
10.00

54.oo
54.oo

56.oo
64.oo 64.oo

+SETPOINT CONDITIONS:

1. Flow reversal in pipe to activate check valve

2. Differential pressure of 148 psi between any one of four lines

3. High mass flow of 1251.8 lb/sec (at full load) in two of four lines plus
low pressure of 567 psia in two of four lines

4. High mass flow of 1251.8 lb/sec (at full load) in two .of four lines plus low
average coolant temperature of 538 F
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TABLE A-8

SUMMARY OF FLOODING ANALYSIS DATA

In ut Flow Rates;

Steam Generator Side

Flow Rate = 110.0 ft /sec

Flow Time „= 5.51 sec

Pump Side

Flow Rate = 33.5 ft /sec3

Flow Time = 64 sec

Floor Areas:

Area of GW = 3641 ft2

Area of GE = 2684 ft2

Drain Areas — Area GW:

16.0 ft at 4" above floor level2

78.3 ft at 8" above floor level2

Additional Drains:

13.0 ft channel from GW through J wall overlooking pipeway

3.375 ft doorway from GW to GK

Discharge Coefficients for Drains:

C = 0.6 for all drains areas and. channels
D
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FIGURE A-1

DIABLO CANYON UNIT 1

MAIN STEAM HORT TERM BLOWDOW~
ANALY'I'IRCUMFERENTIALBREAK AT NODE '<0'>O

Check/Isolation Valve (Cynical)

Break Node
3050

Steam
Generator
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Volume 4
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J6 JB

Volume 5 Main
Steam

Header
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Dump Line
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urbi.ie St,~;

Steam
Generator'-l,

1-2, and 1-4
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3.&->33
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FIGURE A-2

DIABLO CANYON UNIT 1
FEE)WATER SHORT TERM BL'OWDOWN ANALYSIS

LONGITUDINALBREAK AT NODE 1000

STEAM
GENERATOR

1 4
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FIGURE A-5,- MS HOT STANDBY REACTION.LOAD CASE 7A CIRC, BREA'(-

flODE 3050 STEAN GDERATOR SIDE
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FIGURE A-(4, HS HOT S1A13DBY REACTION LOAD CASE 1C LO'$6,

BREAK — ilODE 3295
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FIGURE A-5, NS HOT STANDBY REACTION LOAD CASE 2 BRANCH

BREAl( - NODE 3273
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FIGURE A-6, FW HOT STANDBY REACTION LOAD CASE 10B CIRC, BREAK-
NODE 1000 STEAN GENERATOR SIDE
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FIGURE A-7, FH HOT STANDBY REACTION LOAD CASE 10C LONG,

BREAK — NODE 1000
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CAMPBELL, CAL/PORNIA
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FIGURE A-16 BUILDING FLOODING ANALYSIS — AREAS GW AND GE, 115'LEVATION
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B.l INTRODUCTION

This section presents the criteria employed, selected input data and. typical

results of pipe whip analyses conducted on both the main steam and feedwater

piping systems.

B.l.l Main Steam and Feedwater Pi in — Containment to G Row Anchor

Analyses were performed for break locations shown on Figures 7-3 and 7-12

for main steam and feedwater lines, respectively. The determination of

these break locations is described in Section 7.1.1, and an assessment of

the potential damage associated with these break locations is given
in'ections

7.1.2 and 7.2.2.

Analyses were run on all feedwater lines and main steam lines 1, 3, and 4.

Since all postulated break locations on main steam line 2 coincide with

break locations on line 1, the similarity of the lines allows the extra-

polation of results from line 1 to be representative of line 2.

The location of piping restraints are shown on Figures B-1 through B-4 for

the main steam lines and. Figures B-5 and B-6 for the feedwater lines. The

restraint locations shown in these figures include both existing restraints

(per Reference 20) and. those restraints it has been proposed to construct.

In this appendix, detailed input and results are shown for typical analyses.

Circumferential breaks at locations 1329 and 1375 on feedwater line 3, and

3.6A-153
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the circumferential break at location 3295 on main steam line 3 are the

three representative cases chosen.

B.l.2 Main Steam and Feedwater Pi i - Turbine Buildin

As described in Section 7.1.1.1, locations of design basis breaks within

the turbine building are postulated at each location of potential high

stress or fatigue.

The purpose of the restraint system within the turbine building is to pre-

vent essential structures and equipment from being damaged to an unacceptable

degree as a result of an uncontrolled. pipe whip. The procedure to be used

for this evaluation was defined. in Section 7.1.2.3. Locations where re-

straints will be required and structural designs for these restraints are

currently being evaluated. When determined, the locations and properties

of these restraints wiil be incorporated in the pipe whip mathematical

models (Figures B-6 and B-7).

MAY10 1974
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B.2 METHOD OF ANALYSIS

B.2.1 Pi e Whi Anal sis

The pipe whip analyses were conducted with the use of the computer program

PIPERUP (Reference 8). The PIPERUP computer program performs non-linear

elastic-plastic analysis of three dimensional piping systems sub)ected to

concentrated. static or dynamic time history forcing functions. These

forces result from fluid get thrust at the location of a postulated lon-

gitudinal or circumferential rupture of high energy piping. The program

computes and outputs support reactions, int'ernal forces, moments, and system

deflections as a function'f time. In addition, strains in each sec'tion of

pipe which have exceeded the yield criterion are also printed.

PIPERUP is an adaptation of the finite element method to the requirements

of pipe rupture analyses. The continuous piping is mathematically mod-

eled as an assembly of weightless structural members connecting discrete

nodal points. Nodal points are placed in such a manner as to isolate

particular types of piping elements, such as, straight runs of pipe,

valves, elbows, etc., for which force-deformation characteristics can be

determined. Nodal points are also placed at all discontinuities, such

as piping restraints, branch lines, and changes in cross section. Weight
(

of the system including distributed weight of the piping and concentrated

weights (valves, etc.) is lumped at selected system mass points.

3.6A-155
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An incremental procedure is used to account for the non-linear effects

of'lastic deformation of the pipe and restraints.

'Stress-strain characteristics of the members which connect node points

are idealized by three linear segments. The first portion represents

linear and perfectly elastic behavior, the second represents the linear

strain hardening, with the third portion representing perfectly plastic

behavior (Figure B-9),

The method used in the program to account for the change in piping stiff-
ness during plastic deformation is to represent each member connecting

two nodes by three subelements in parallel, whose total stiffness equals

the elastic stiffness of the pipe. Upon transition from the elastic to

the linear strain hardening region, one of the three subelements is

hinged, such that it can sustain no increase in load., leaving two sub-

elements which are defined to have a sum stiffness equal to the strain

hardening stiffness of the pipe. At the second transition the process is

repeated leaving a single subelement with a very small stiffness. Pre-

diction of plastic collapse is based on detection of excessive deflections.

Xn situations where stress reversal and. unloading occurs, an isotropic

strain hardening model is used; i.e., unloading is always along the

elastic line (Figure B-9).

MAV10 1974
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Pipe restraints are modeled in PIPERUP with an initial gap and a tri-linear
stiffness curve. Again, the first stiffness represents linear elastic

behavior, the second stiffness models linear strain hardening, and

the third stiffness modeling perfectly plastic behavior.

The, program uses stiffness and mass proportional Camping as follows:

(C) = DAMPM + (M) + DAMPK ~ {K)

where (C), (M) and (K) are the viscous damping, mass and stiffness matri-

ces, respectively, and DAMPM and DAMPK are input constants determining

the degree of Camping desired. These constants can be related to the

critical damping system by the following equation:

X = —+ DAMPK-DAMPM 0)i
2ldi 2

where X is the fraction of critical damping and to is the natural angular

frequency of mode i. Inspection of this equation will reveal that DAMPM

and DAMPK can be ad)usted to meet a given damping criteria, say 2g

of'ritical,at any two desired frequencies, and that a (conservatively)

, lower damping value would result between these frequencies. In addition,

the effect of DAMPM is greater at lower frequencies and the effect of

DAMPK is greater at higher frequencies. Experience has shown that for

many piping systems the greatest piping response is in the lower fre-

quencies and optimum solution stability is obtained by specifying suffi-

cient damping for these frequencies.

3.6A-lg7
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B.2.2 U er and Lower Bound Material Pro erties

Consistent with variations in materia1 stress-strain data, pipe whip

ana1yses are performed utilizing both upper and lower bounds of the range

of piping material properties. Typically lower bound material properties

are conservative for the prediction of pipe hinge formation; while either

upper or lower bound properties may yield maximum restraint loads, depending

on the size of the restraint gaps. Therefore, at each postulated break

location where a pipe whip analysis is to be performed, a judgement evalu-

ation is made as to whether upper bound, lower bound, or both pipe material

properties should be used..

B.2.3 Structural Yield/Failure Criterion

The yield and pipe hinge criteria used by PIPERUP is given by:

ei M + (g/4)T = o„ Z

where

Resultant moment in piping

= (M,'+ M,')"

Resultant torque

a = a
M y

a = a
M u

Yield stress for first stage hinge (strain hardening)

Ultimate stress for second stage hinge (plastic hinge)

Pipe elastic section modulus

3.6A-158
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z
e

mr -r.
4r

0

r, r. = Pipe outer, inner radius
0 i

= ~ Stress intensification factor for elbows.

6, 8 = Constants .which depend on material properties and pipe
geometry

The method used to derive a and f3 materia1 constants was to assume elastic/

linear strain hardening material properties. In this case, failure in

bending alone is given by:

M = a Z + (v - p )Zult yp gu yg e,

where

z
p

Plastic section modulus

(4/3) r — ri
Substituting into the program failure equation (with i = 1) one obtains,

eM +0= crz

Solving,

O'
u e

crz + o -a Z

The above derivation of a is utilized for both upper and lower bound

material properties.

3.6A-159
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The torsional rupture stress, (F t) as a function of pipe geometry andst
material strength is used to determine failure in torsion alone. The

ultimate torsion strength is determined from T = F Z . Substituting
u st

te'nto

the program failure equation and noting Z = .2Zte e

therefore,

C

0u
F

awhile the above derivation for 8 is used. with lower bound properties to

obtain a minimum torsion strength, an alternate method is used for upper

bound. The ultimate torsion strength for upper bound is determined. to

be:

a 6 — 0~z +~z
u- 2 tp 2 te

where:

Z = plastic torsion modulustp

~ (,3,3)

which ignores the effects of torsional buckling for conservatism. Then,

T = 0 Z

MAY'i0 1974
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Substituting 2 = Zt /2, and solving for 9
e te

/2'.6A-l6l
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B.3 RESULTS OF PIPE WHIP ANALYSES

Three runs are shown as representative of the analyses performed and are

presented in detail here. These three analyses are: feedwater line 3,
I

circumferential break at location 1329, steam generator side of break; feed-

water line 3, circumferential break at location 1375, steam generator side

of break; and main steam line 3, circumferential break at location 3295,

turbine side of break.

The blowdown loads for the circumferential breaks at feedwater location 1375

and main steam line location 3295 are shown in Figures B-10 and B-ll,
respectively. Because of the proposed sleeve at location 1329 on the feed-

water line 3, the blowdown force for this case was taken as shown in Figure

B-12 with PA equal to 207 kips.

Locations of existing rupture restraints were taken from the contract draw-

ings of Ref'erence 20. In order to prevent a11 pipe whips of the main steam

and feedwater piping between the containment and G row anchor it was found

necessary to specify the. addition of several new restraints. The locations

of these additional restraints are included in the pipe whip mathematical

models shown in Figures B-1 through B-6.

Values of gaps between the rupture restraints {both existing and added) and

the piping were chosen on the basis of the piping thermal stress analyses

(Reference 6). The values chosen were such that the restraints will not

MAY10 197(
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interfere with the piping during any of the normal operating conditions.

The gaps thus derived were include'd in the pipe whip analyses performed.

Force deflection properties of all restraints vere determined as part of

the structural evaluation. The criteria and methods used for this evalua-

tion are given in Appendix D. Typical results of this evaluation are
also'iven

in Appendix D, Tables D-5 and D-6. As shown in these tables, restraint

behavior is modeled with a bilinear.curve, with both elastic and strain-

hardening properties. The restraint characteristics thus derived serve as

input data to the PIPERUP program.

The results of the selected pipe vhip analyses are presented. in Tables B-1

through B-6 and Figures B-13 through B-15. Table B-1 is a table of the

maximum restraint reactions developed throughout the*analysis for the feed-

water break at 1329. It should be noted. that a restraint may load and unload

several times during the course of an analysis, and, the results presented

in the tables represent the maximums of these sets of reactions. Table B-2

presents the maximum loads, deflections and strains experienced by the pipe

during the duration of the analysis. Tables B-3 through B-6 present the

maximum restraint loads and pipe behavior for the other two cases considered.

Along with tabular output, the PIPERUP program also generates plots of

reactions and deflections of node points versus time. Examples of these

plots are shown in Figures B-13 through B-15. Figure B-13 shows the restraint

3.6A-163
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reaction at 1369 on feedwater line 3 due to the break at node 1375. Figure

B-14 displays the restraint reaction at node 1309 on feedwater line 3 due

to the break at node 1329. And Figure B-15 shows the deflection in the z

direction at node 1329 on feedwater line 3.

MAY10 1974
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MoJKGT DIABLO CANYON UNIT 1

SUBJECT FEEDWATER PIPING

OF

TABLE B-1

PIPE RUPTURE RESTRAINT LOAD SKQRRY

Piping Run: Feedwater Leads 3 and 4 from Containment to G Row Anchor

Break Location 8 Direction: Circumferential Break at 1329 -Steam Generator Side

Pipe Properties: Upper Bound

Node
Restraint

Type Load Direction
Maximum

Load.

1300 Anchor

1300 Anchor

1309

1300 Anchor

1300 Anchor

1300 Anchor

1300 Anchor

+X Direction

+Y Direction

+Z Direction

+e„ Direction

+0 Direction

+ez Direction

+X Direction

24.6 kips

107.3 kips

163.5 kips

7458.9 in-kips

2915.6 in-kips

2101.0 in-kips

145.7 kips

1309

1315

1327

U-Bolt

Frame

Frame

-Z Direction

-Y Direction

-Y Direction

395.4 kips

755.1 kips

671.4 kips

3.6AW65
MA'fl0 l974
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PROJECT DIABLO CANYON UNIT 1

SueJECT FEEDWATER PIPING SYSTEM

SHEET OF

TABLE B-2

PIPE RUPTURE PIPE LOAD SUMMARY

Piping Run: Feedvater Leads 3 and 4 from Containment to G Rov Anchor

Break Location & Direction: Circumferential Break at 1329-Steam Generator Side

Pipe Properties: Upper Bound

PIPE: Node 1315 (Elbov)

Maximum moment (kips in)

Percent of moment carrying capacity

at yield (M = 6.39 - x 10 kips in)

7556

118.2%

Percent of moment carrying capacity

at 6 (ME = 13.4 'x 10 kip in) 56.2%

Maximum strain level (in/in)

Percent of limit strain

(E1J = 0.16 in/in)
X deflection at node 1315

Maximum deflection (in) Y deflection at node 1303
Z deflection at node 1329

0.0321

20.1%

2.165
1 992

-9.891

Y10 1974
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PROJECT DIABLO CANYON UNIT 1

SUBJECT FEEDWATER PIPING SYSTEM

SHEET OF

TABLE
B-B'IPE

RUPTURE RESTRAINT LOAD SUMMARY

Piping Run: Feedwater Leads 3 and 4 from Containment to G Row Anchor

Break Location 5 Direction: Circumferential Break at 1375- Steam Generator Side

Pipe Properties: Upper Bound

Node
Restraint

Type Load. Direction
Maximum

Load

1300 Anchor

1300 Anchor

1300 Anchor

1300 Anchor

1300 Anchor

1300 Anchor.

+X, Direction

+Y Direction

+Z Direction

+9» Direction

+9 Direction

+9s Direction

29.1 kips

27.4 kips

16.8 kips

2654.8 in-kips

3653.4 in-kips

692.7 in-kips

1309

1327

1327

1332

1335

1335

Frame

U-Bolt

Frame

Frame

Frame

Frame

+X Direction

+X Direction

-Y Direction

-Y Direction

-Y Direction

+Z Direction

138.2 kips

288.8 kips

54.3 kips

280.6 kips

338.4 kips

166.6 kips

1336 Frame

1339 Frame

1343 Frame

1336 Frame -.Y Direction

+Z Direction

-Y Direction

-Y Direction

237.6 kips

109.2 kips

149.3 kips

307.8 kips

1349

1356

Frame

Frame

-Y Direction

+Y Direction
3. 6A-167 .
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t

PRQJEGT DIABLO CANYON UNIT 1

FEEDWATER PIPING-SYSTEM

SHEET OF

TABLE B-3 (Cont'd)
PIPE RUPTURE RESTRAINT LOAD SUEY

Piping Run: Feedwater Leads 3 and 4 from Containment to G Row Anchor

Break Location & Direction: Circumferential Break at 1375 - Steam Gencrat,n> "ide

Pipe Properties: Upper Bound

- Node
Restraint

Type Load Direction
Maximum

Load

1356

1369

Frame

U-Bolt

1400 Anchor

1400 Anchor

1400 Anchor

1400 Anchor

1400 Anchor

+Z Direction

+Y Direction

+X Direction

+Y Direction

+Z Direction

+ex Direction

+e Direction

145.6 kips

238.9 kips

13.1 kips

14.2 kips

12.4 kips

1553.6 in-kips

1831.8 in-kips

1400 Anchor +Oz Direction 519.5 in-kips

1415 Frame

1427 Frame

1433 Frame

1437

1437

Frame

Frame

1427 U-Bolt

+X, +Z Direction

+X Direction

-Y Direction

-Y Direction

-Y Direction

+Z Direction

159.4 kips

230.9 kips

57.4 kips

183.2 kips
f

170.9 kips

506.3 kips

1443

1443

Frame

Frame

-Y Direction

+Z Direction

1.7 kips

93.7 kips

1450 Frame

0 'rame
+Y Direction

+Z Direction
3. A-1
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PROJECT DIABLO CANYON UNIT 1

SUMECT FEEDVATER PIPING SYSTEM

SHEET OF

TABLE B-4

PIPE RUPTURE PIPE LOAD SUMMARY

Piping Run: Feedwater Leads 3 and 4 from Containment to G Row Anchor

Bre'ak Location & Direction: Circumferential Break at, 1375-Steam Generator Side

Pipe Properties: Upper Bound

PIPE'- Node 1363

Maximum moment (kips in)

Percent of moment carrying capacity

at yield (M = 6.39 x 10 kips in)

4740

74.1$

Percent of moment carrying capacity

at c (M< = 13.4 x 10 kip in)3 35.3A

Maximum strain level (in/in)

Percent of limit strain

(cp = 0,16in/in)

X deflection at node 1371
Maximum deflection (in) Y deflection at node 1375

Z deflection at node 1375

0.0

0.0

2.810
5.652
2.903

3.6A-169
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DIABLO CANYON UNIT 1

Sue>ECT MAIN STEAM PIPING

SHEET, OF

TABLE B-5
PIPE RUPTURE RESTRAINT LOAD SUMMARY

Piping Run: Main Steam Lead 3

Break Location k Direction: Circumferential Break at 3295- Turbine Side

Pipe Properties: Upper Bound

Node
Restraint

Ape Load Direction
Maximum

Load.

3050

3050

3050

3050

3050

3050

3245

3245

3250

3275

3285

3285

3292

Anchor

Anchor

Anchor

Anchor

Anchor

Anchor

Frame

Frame

Frame

U-Bolt

Frame

Frame

Containment
Penetration

+-X Direction

<Y Direction

+-Z Direction

+-ex Direction

-Gy Direction

-Qz Direction

+Y Direction

-Z Direction

+Y Direction

+Z Direction

+X Direction

-Y Direction

+X Direction

19.9 ki s

32.2 ki s

34.3 ki s

3501 in-ki s

5284 in-kips

3573 in-ki s

229.4 kips

616.5 kips

176.3 kips

784.3 kips

362.0 kips

81.1 kips

1772 kips

MAY
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~~ECT DIABLO CANYON UNIT 1

SUMECT MAIN STEAM PIPING
SHEET OF

TABLE B-6

PIPE RUPTURE PIPE LOAD SUMNARY

Piping Run: Main Steam Lead

Break Location 8o Direction:Circumferential Break at 2 —Turbine Side

Pipe Properties: U er Bound

PIPE: Elbov 3275 - 3280

Maximum moment (kips in)

Percent of moment carrying capacity

at yield (M = 25.546 x 10 kips in)

26619

n

104.2%

Percent o'f moment carrying capacity

at c (ME = 60.087 x 10 kip in) 44. 3%

Maximum strain level (in/in) .0083

Percent of limit strain

(cp = 0.16 in/in)
X def'ction at node 3140

Maximum deflection (in) Y deflection at node 3295
Z deflection at node 3295

5 19%

-2.312
-2.998

4 885
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FIGURE B-ll DIABLO CANYON UNIT l
MAIN STEAM BLOWDOWN ANALYSIS
CIRCUMFERENTIAL BREAK AT 3295, TURBINE SIDE OF BREAK
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FIGURE B-13 DIABLO CANYON UNIT 1
FEEDMATER BRANCH BREAK AT 1375, STEAM GENERATOR SIDE OF BREAK
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FIGURE B-14 DIABLO CANYON UNIT 1

FEEDWATER CIRCUMFERENTIAL BREAK AT 1329, STEAM GENERATOR SIDE
OF BREAK —RESTRAINT REACTION AT 1309 (-Z DIRECTION OF LOADING)
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FIGURE B-15 DIABLO CANYON UNIT 1
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BREAK —» Z DIRECTION DEFLECTION AT 1329

CD
CD

C

CD
CD

CO

CD
CD

Qo
C~o

I—

'LLj

LI-o
QJ CD

O~

CD
CD

CD
CD

MAV1O Igni,

CD
CD

0 ~ 00 0.04 0.08 0 12
TINE. (SEC )

3.6A-106



Nuclear Services . Corporation

APPENDIX C

JET EFFECTS ANALYSIS
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C.l INTRODUCTIOH

This appendix describes the criteria and analytical methods used to

evaluate the impingement of a fluid get issuing from a design basis

pipe break. Also included are the criteria and methods used to de-

termine enveloped targets, and environmental effect's resulting from

crack-breaks. Presented are typical results for the analyses of breaks

in the main steam „piping from the containment to the turbine stop valves

and the feedwster piping between the containment and the feedwater pumps.

3. 6A-191
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C. 2 CRITERIA AND ASSUMPTIONS

The type, size and shape of pipe breaks which should be considered are

given in Reference 1. Cases (a) and. (b), below, are postulated. to occur

at design basis break points and case (c) at most adverse locations along
t

the pipe.

(a) Longitudinal design basis breaks are parallel to the

pipe axis and oriented. at any point around the pipe

circumference. The length of the break is equal to

twice the pipe diameter with the break area equal to

the effective cross-sectional flow area upstream of

the break location.

(b) Circumferential design basis breaks are perpendicular

to the pipe axis with the break area equal to the in-

ternal cross-sectional area of the ruptured pipe.

(c) Crack breaks are postulated at the most adverse loca-

tions with regard to essential structures and equipment.

The length of the crack is half the pipe internal di-

ameter and, the width is half the wall thickness.

C.2.1 Assum tions for Anal sis of Desi n Basis Breaks

A. Fluid discharge is perpendicular to the plane of the break area A.

Unobstructed discharge from the break area (or from. both ends of

the circumferential break) is assumed unless it can be demonsLrated

MAY10 1974
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that pipe ends of a circumferential break stay together, or when

sleeves are installed over break locations and whip restraints

prevent movement out of sleeve.

B. Jet flow and. impingement force are equivalent to steady break flow

and thrust respectively as'etermined. from the PRTHRUST computer

program results.

C. The get force vector for design basis pipe breaks is assumed to be

in the direction of flow discharge for an unrestrained pipe as well

as for.a restrained pipe.

A discrete get boundary defined. by a get divergence half-angle of

,10~ is assumed.

E. Jet impingement area is identical in shape to the break area'i.e.

circular or rectangular).

F. Jet impingement pressure is assumed uniform over the expanded get

cross-sectional area.

G. ~ Target geometry with respect to jet direction is considered in

determining pro)ected target area and resulting target impinge-

ment loads.

3. 6A-193
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H. The forward get momentum is assumed to be cancelled. during fluid

impingement.

C.2.2 Assum tion for Anal sis of Crack Breaks

A. Fluid discharge is perpendicular to the plane of the break.

B. A discrete boundary, is formed bounded by a divergence half-angle

oi'0

C. Jet envelopment area is identical in shape to the break area

(i.e. rectangular).

MAY10 1974
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C. 3 METHODS OF ANALYSIS

As per Reference 13, the get impingement force resulting from a design basis

break is equivalent to the steady thrust load imposed. upon the ruptured

piping.

At design basis break locations, the get impingement force is taken from the

time history blowdown analysis performed using PRTHRUST. A typical response

is shown in Figure C-1. Maximum steady thrust is taken when fluid discharge

reaches the critical flow rate predicted by Moody (Reference 18). During

this period, the acceleration thrust force is small and total force
consists'rimarily

of the break exit pressure and momentum force terms. Figure C-1

illustrates the selection of maximum steady thrust from the PRTHRUST time

history response.

At sleeved design basis break locations, the thrust force can be expressed, as

(Reference 18):

T = 1.26 PA for steam, and

T = 2.0 PA for water

where:

P = the maximum operating pressure inside th'e pipe before the
break occurs

A = the annular area between the sleeve and the pipe.

The expanding Jet diameter, height or width is assumed. to increase linearly with

3.6A-195
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distance with a, 10 half angle, as shown in Figure C-2.

The get dimensions and area at a distance L from the break can be expressed

in terms of break area and, distance from the get source as follows:

For Design Longitudinal Breaks:

H) = 0.4432A< + 0.3526L

W1
= 2.2567A< + 0.3526L

1 2
Ag = A + 0.9520A~L + 0.1243L

For Design Circumferential Breaks:

(2)

(3)

Dg = 1.1284A~ + 0.3526L

Ag = A + 0.625A<L + 0.0976L

For Longitudinal Crack Breaks:

(4)

(5)

Hg =
~2

+ 0.3526L (6)

W) = —+ 0.3526LD

24

A3 = —+ 0.01469L(D+t) + 0.1243L
576

For Circumferential Crack Breaks:

(8)

Hg = —+ 0.3526LD

24

Wg
= —+ 0.3526Lt

24

Ag = —+ 0.01469L(D+t) + 0.1243LDt 2

576

(9)

(10)

MAY10 1974
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where:

D

A

A

Diameter of the get at a distance L from the source (ft)
Jet cross-sectional area perpendicular to the jet axis at a

distance L from the )et source (ft )
2

Effective get height perpendicular to the pipe axis (ft)
Effective jet width parallel to the pipe axis (ft)
Break area (ft )

Distance from the get source (ft)
Piping interna1 diameter (in.)

Piping wall thickness (in.)

The foregoing )et formulas may be used for both steam and subcooled water

(feedwater) systems which contain fluid. above 240 F and 275 psig. For

non-flashing subcooled water systems below 240~F jet area should bc cal-

culated. using:

A = A (l2)

C.3.2 Jet im in ement Tar et Load. in

The normal equivalent static load applied to a target by the get emanating

from a postulated design basis break may be expressed as:

F = PJA.SFDLF

A.
— ~A 'FDLF

(13)

where

T = Tota1 thrust of get (lbf)

P = Jet pressure at the target (psf)
3.6A-197
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A = Cross-sectional area of Jet intercepted by
target structure (ft )

A = Total cross-sectional area of Jet at the
target structure (ft )

S = Shape factor

D = Dynamic load factor

The total thrust, T, has been defined previously. The ratio A./A repre. entsi
the proportion of the total mass flow interrupted by the target structure

The dynamic load factor, D>F, accounts for the rapid. application of the l ad.

A dynamic load factor of two is recommended unless it can be shown that th

rise time of the applied. force is significantly longer than the lowest vib ation

period of the target structure (Reference l9).

The shape factor, SF, depends on the proJected section and orientation of

the target struck by the Jet, and is a measure of the target's potential

for changing the momentum of the Jet. The shape factor may be understood by

first noting that a plane of area "A" oriented with its normal at an angle g

with respect to an impinging Jet flow will deflect the flow to a direction

parallel to the plane (Figure C-3a). The shape factor for a plane whose

normal is oriented at an angle $ to the axis of the Jet is equal to cos $ .

Shape factors for., curved surfaces may. be obtained by integration over the area
h

impinged upon by the Jet. In this fashion, the following shape factcrs have

been derived.

i'AAY10 1974
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Jet impinging on a slab at an angle $
from perpendicular (Figure C-3a)

Rectangular get impinging on a pipe larger
than )et (Figure C-3b)

S = cos $F

S =1-—h
F 2D

0

Rectangular get impinging on pipe with
h greater than D (Figure C-3b)0

Circular get impinging on pipe with get
diameter (D = 2r ) less than pipe diameter
(Figure C-3L)

SF ='1/2

D

SF 1
D

( 288)
0

Circular get impinging on pipe with get
diameter greater than pipe diameter
(Figure C-3d}

SF .712

The force 'F'etermined using the above formulae and. factors represents

the integral of a uniform pressure applied normal to the target impinged

upon by a Jet.

C.3.3 Jet Sta nation Tem erature,

Temperature of the get at enveloped. targets is a function of target distance

from the break. location and decreases with distance due to entrainment and

mixing action with the ambient environment surrounding the get. Conservative

ass ptions have been made to estimate the stagnation temperature at the

target. These assumptions are:

A. An isentropic free expansion of the get to a maximum plume diameter

with a normal shock wave occurring at the maximum diameter. From the

maximum diameter, the down stream flow velocity is constant.

B. Conservation of energy through the shock wave.

3.6A-199
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C. The get is composed of a single phase fluid with an initial temperature

of 520 F assumed for the main steam system. The ambient environment

surrounding the Jet is also single phase with an initial temperature of

200 F. Fluid properties are assumed constant .

D. A temperature entrainment angle of 6 starting at'he normal shock wave.

E. A linear temperature distribution from the jet boundary to the jet

centerline.

Based on the entrainment angle and energy balance between the get and

entrainment fluid, the centerline total (stagnation) temperature of the jet
may be determined as a function of distance from the break as follows:

Energy at exit plane = energy at any other plane

U = WC T = A. VpC T '
pVC TdAop o0po.Ap

= pVC TdA
A

but fTdA = 1/3 T A for a linear temperaturemax
A distribution

'15)

thus: A VpC T = 1/3 AVpC T

or: T =3T (16)

3.6A-200
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where:

U

W

C

Internal energy

Mass flow'ate

Specific heat of fluid

T0

T
max

Stagnation temperature at the break

Break area

Stagnation temperature at distance X from the break

Jet enveloped area at distance X from the break

Stagnation temperature at the centerline of the )et at

a distance X from the break

p = Fluid density

V = Jet velocity

Experimental studies have found the range of temperature entrainment angles

to vary between 6.5 (Reference 42) and 25 (Reference 43). The resulting

)et stagnation temperatures as a function of distance from the break are

shown in Figure C-4 for entrainment angles of 6 and 12 . The more con-

servative angle of 6~ has been used for evaluation of safety related equipment.

C.3.4 Environmental Effects due to Jets from Crack Breaks

As defined in Section 7.1.1.2 crack breaks were postulated'to occur in the

most adverse locations with regard to safety related equipment. The get
expan-'sion

formulas given by equations (6) to (ll) were then used to determine the

vital target areas enveloped by fluid issuing from the crack. A similar

method to that presented in Section C.3.3 is used to determine the resulting

fluid temperature at the target.

3.6A-201
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C.4 RESULTS OF ANALYSES

C.4.1 Jet Im in ement Anal sis"

Typical results of )et impingement analyses of main'team and feedwater

pipes outside the containment are presented in Table C-1. Locations of
essential equipment and conduits were taken from Reference 20. Whenever

the effects of the get are adverse and unacceptable, it is proposed to

mitigate the effects by adopting one or aore of the following methods:

A. Redirection of the get, and also reducing its* net 'force, by install-
ation of sleeves at selected design basis break points. This not

only redirects the get in a zone where there is no vital equipment

but also reduces the effective size of the break, thereby reducing

the Jet force.

B. Installation of get impingement barriers at appropriate locations so

as to avoid impingement on essential equipments This is proposed for
impingements where the get force or fluid temperature is found to be

I

higher than what the essential equipment can withstand.

C. Relocation of the affected. equipment or conduit to avoid the get.

D. Install backflow dampers to prevent steam from flowing through a

damaged ventilation duct into areas. containing vital equipment which

could not withstand the resulting environment.

3.6A-202
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C.4.2 Crack Break Anal sis

Typical results of enveloped targets due to crack breaks of the main steam

and, feedwater piping are presented in Table C-2. For that affected vital

equipment which cannot withstand the resulting environment, it is proposed

to mitigate the effects by adopting one or more of the following methods:

A. Relocation of the equipment or conduit to avoid get envelopment.

B. Enstallation of suitable shields to protect the affected equipment.

C. Replacement of equipment which cannot be demonstrated to perform

its required. function in the post break environment with equipment

that is designed for the environment.

3.6A-203
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Nuclear Services Corporation Sheet 1 of 5

TABLE OF TYPICAL RESULTS FOR JET IMPINGEMENT EVALUATION

PROJECT: P. G. Ec E. —DIABLO CANYON ¹1

PIPING SYSTEM: MAIN STEAM LEADS 1 K 2 AREA F

PIPING RUN: KINE ¹583 8c 584

Break
Location

1120

Break
Type(s)

DC

Jet(b)
Direc-
tion

Target

K 5846 (F.W.Isol.
Valve Control)

TABLE C-1

Distance
L(ft)

4o

Thrust
(lbf)

57,8oo

Jet Ares
A„(ft2)

189 282 i.38 54o

Jet Pressure Target Area Force
T/A~(psf)(c) At(ft2) F(lb)(d)

2080 DC K 5836 (M.S.Isol.
Valve Control)

20 57,8oo 56.3 948 1.18 . 13y8

if."T S: (a) DC — design circumferential
DL '- design longitudinal

N — north(") S — south
E — east
W — vest
U — up
D — down

(d) F=Atx> 'xSFxDLF
',
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TABLE OF TYPICAL RESULTS FOR JET IMPINGEMENT EVALUATION

Sheet 2 of 5

PROJECT: P. G. K E — DIABLO CANYON Pl

PIPING SYSTEM: MAIN STEAM LEAD 3

PIPING RUN: LINE 8226

TABLE C-1 (con't.)

Break Sreak
Location Type(a)

Jet(b)
Direc-
tion

Target Distance Thrust
L(ft) (H)f)

Jet Area Jet Pressure
Ag (ft2 ) T/A> (ps f) (c )

Target Area Force
At(ft2) F(lb)(d)

3273 DC Z 6478
(F.W.Isol. Valve
Control Ckt.)

7 460,00 14.5 31,700 1 5 675700

ltdTgg: (e) DC — design circnmfereneie1
DL — design longitudinal

(b) N — north
S - south
E — east
W — west
U — up
D — down

(d,) F = At x
p

x SF x D~
T

se
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TABLE OF TYPICAL RESULTS FOR JET IMPINGEMENT EVALUATION

Sheet 3 of 5

PROJECT: P. G. Ei: E —DIABLO CANYON ¹1

PIPING SYSTEM: MAIN STEAM LEAD 4

PIPING RUN: LINE ¹225 & 58

Break
Location

Jet(b)
Break Direc-

Type(a) tion
Target

TABLE C-1 (con't.)

Thrust Jet Area Jet Pressure
(lbf) A~ (ft2) T/A)(psf)(c)

Target Area
At(ft2)

Force
F(»)(d)

4115 DC K 6556 (Vital
Control Ckt.)

460,00 17 275000 0.5 19,200

4050 K 4319 (Vital
Control Ckt.)

58,68 13 72 4,234 0. 35 2,100

NOTES: (a) DC — deedgn circnmrerential
DL — design longitudinal

(b) N - north
S — south
E — east
W - westU-up
D — down

(d,) F = At x
> x SF x D
T
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TABLE OF TYPICAL RESULTS FOR JET IMPINGEMENT EVALUATION

e

Sheet 4 of

PROJECT: P. G. & E. — DIABLO CANYON k'1

PIPING SYSTEM: FEEDWATER LEADS 1 & 2

PIPING RUN: LINE // 54 & 555 AREA FW

Break
Location

Break
Type(a)

Jet(b)
Direc-
tion

Target

TABLE C-1 (con't.)

Distance Thrust Jet Area
L(ft) (lbf) A) (ft2)

Jet Pressure Target Area
T/Ag(psf)(c) At(ft2).

Force
F(lb)(d)

1113

1113

1239

DC

DC

DC

K 5824 (Vital
Control Ckt.)

Z 5844 (Vital
Control Ckt.)

LCV-106

LCV-107

LCV-110

LCV-ill
(Above are aux.
F.W. Control
valves)

20 53,600 56.3

20 53,600 56.3

55 53,600 340

55 53,600 340

55 53,600 340

55 53,600 340

948

948

157

, 157

1.77

1.06

2385

=1424

314

314

314

EDEEE: (a) DC — decide circcmfereaeiaj
,. DL - design longitudinal

(b) N — north
S — south
E — east
W —west
U' up
D — down

(d) F = At x
A x SF x E

V
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TABLE OF TYPICAL RESULTS FOR JET IMPINGEMENT EVALUATION

PROJECT: P. G. 5 E - DIABLO CANYON k'1

PIPING SYSTEM: FEEDWATER LEAD 3 tk 4

PIPING RUN: LINE 8556 Ec 557

TABLE C-1 (con't.)

Break Break
Location Type{a)

Jet(b)
Direc-
tion

Distance
L{ft)

Thrust
{3.bf)

Jet Area Jet Pressure Target Area
Ae (ft2) T/A)(psf)(c) At(ft2)

Force
F(lb)(d)

1329

1331

1429

1429

1441

DL

DL

DL

K 6443 (F.W.Isol.
Valve Control)

FCV 440 (F.W.
Isol. Valve)

FCV 441 {F.W.
Isol. Valve)

K 6460 (F.W.
Isol. Va1ve Pos.
Indic.)

K 6592 (Vital
Control Ckt.)

10

17

535600

53,600

53,600

53,600

39,000

19

14.1

11.86

16.6

33

2782

3785

4503

3226

1180

0.51

~ 5

.75

2,020

22,710

27,018

2,300

1,260

lOTgg: (n) DC - design circcmferencdel
DL — design longitudins1

{b) N — north
S — south
E — east
W —vestU-up
D — down

(d) F = At x
A

x SF x D
T
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TABLE OF TYPICAL RESULTS FOR ENVIRONMENTAL EFFECTS OF CRACK BREOK

PROJECT: P. G. 5 E - DIABLO CANYON Pl

PIPING SYSTEM: MAIN STEAM LEAD 1

PIPING RUN: LINE 8228 th 583

Sheet 1 of 7

Break
Location
Col.line
8 area

Break
Type(a)

Jet (b)
Direc-
tion

Target

TABLE C-2

Distance
L(ft)

Target Envel-
opment Area
A (ft2)t

Temperature at Humidity at
Target ( F) Target(g)

6.4-8
L-N
(F)

6.4-8
L-N
(F)

6.4-8
L-N
(F)

LC

FCV-438 (F.W.
Isol. valve)

K 5866
(Vital ckt.)

FCV-42 (M.S.
Isol. valve)

4.5

3.5 0. 106

Note (c)

Note (c)

Note (c)

Note (c)

Note (c)

Note (c)

(a > LC — longitudinal crack
CC — circumferential crack

N —north
S — south
E - east
V — west
U — up
D — down

(c) Environmental capabilities of the
equipment and circuits subJected to the
get are being investigated.



Nuclear Services Corporation Sheet 2 of 7

TABLE OF TYPICAL RESULTS FOR ENVIRONMENTAL EFFECTS OF CRACK BREAKS

PROJECT: P. G. 5 E. —DIABLO CANYON 81

PIPING SYSTEM: MAIN STEAM LEAD 2

PIPING RUN: LINE 8 227 K 584

Break
Location
Col.line
k area

Jet(b)Break Direc-
tion

Target

TABLE C-2 (con't,)

Target Envel-
opment AreaDistance

A (ft2)
Temperature at

Target ( F)
Humidity at
Target(g)

6.4-8
L-N
(F)

6.4-8
L-N
(F)

6. 4-8
L-N
(F)

LC

LC

FCV-439 (F.W.
Isol. va1ve)

LCV-ill
(Aux. F.W. Contro
Valve)

K 59O7
(Vital ckt.)

4.5

16

0.312

Note (c)

Note (c)

Note (c)

Note (c)

Note (c)

Note (c)

NC Z=: (a) LC — longitudinal crack
.CC - circumferential crack

N — north
S » south
E - east
W —west
U —up
D — down

(c) Environmental capabilitie's of the
equipment and circuits sub)ected to the
)et are being investigated.
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TABLE OF TYPICAL RESULTS FOR ENVIRONMENTAL EFFECTS OF CRACK BREKS

PROJECT: P. G. & E - DIABLO CANYON 5'1

PIPING SYSTEM: MAIN STEAM LEAD 3

PIPING RUN: LINE g 226 & 586

TABLE C-2 (con't.)

Sheet 3 of 7

Break
Location
Col.line
lk ares

Break
Type(a)

Jet(b)
Direc-
tion

Distance
L(ft)

Target Envel-
opment Area

A {ft2)t
Temperature st

arget (oF)
Humidity st
Target(g)

15-.15 7
N

(GE)

15-15.7
L-M

(GW)

15-15.7
J-K

(GW)

LC

LC

LC

Fcv 440 (F.w.
Isol. valve)

Fcv 44 (M.s.
Isol. valve)

KT 6961
{Vita1 ckt.)

0.2

Note (c)

Note (c)

Note (c)

Note (c)

Note {c)

Note (c)

2C=ZS: {a) LC — longitudinal crack
CC — circumferentia1 crack

(b) N - north
S - south
E — east
W —vest
U —up
D — dovn

{c) Environmental capabilities of the
equipment and. circuits subJected to the
Jet are being investigated.
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TABLE OF TYPICAL RESULTS FOR ENVIRONMENTAL EFFECTS OF CRACK BREAKS

Sheet 4 of 7

PROJECT: P. G. & E. - DIABLO CANYON 81

PIPING SYSTEM: MAIN STEAM LEAD 4

PIPING RUN- LINE 8 225 K 585

TABLE C-2 (con't.)
Break

Location
Col.line
5 area

Jet(b)
Direc-
tion

Target
Target Envel-Distance
opment Area
At (ft2)

Temperature at
Target (oF)

Humidity at
Target($ )

15-4 M

(GW)

14-15
J-H

(GW)

15-15.7
G-J

(GW)

CC

CC

FCV 441 (F.W.
Isol. valve)

K 4319
{Vital Circuit)

K 6592
(Vital Circuit)

10

1:5

1.0

Note: (c)

Note: (c)

Note: (c)

Note: (c)

Note: (c)

Note: (c)

:iV.. ES: (a) LC — longitudinal crack
CC — circumferential crack

N — north
S - south

east
W —vest
U —up
D - dovn

(c) Environmental capabilities of the
equipment and circuits sub)ected to the
Jet are being investigated.
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TABLE OF TYPICAL RESULTS FOR ENVIRONMENTAL EFFECTS OF CRACK BREAKS

Sheet 5 of 7

PROJECT: P. G. & E — DIABLO CANYON Pl

PIPING SYSTEM: FEEDWATER LEAD 2

PIPING RUN: LINE P5 5

TABLE C-2 (con't.)
Break

Location
Col.line
& area

Break
Type(a)

Jet(b)
Direc-
tion

Target Distance
L(ft)

Target Envel-
opment Area
A (ft2)t

Temperature at
Target (~F)

Humidity at
Target(g)

6.6-8
N-R
(F)

6.6-8
N-R
(F) .

6.6-8
N-R
(F)

LC FCV-438
(F.W.Isol. valve)

D K 5864
(Vital ckt.)

W K 5864

27

0.2

O.24

Note: (c)

Note: (c)

Note (c )

Note: (c)

Note: (c)

Note: (c)

:0: Z=": (a) LC -'ongitudinal crack
.CC — circumferential crack

N — north
S — south
E — east
W —westU-up
D — down

(c) Environmental capabilities of the
equipment and. circuits subJected to the
Jet are being investigated.
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TABLE OF TYPICAL RESULTS FOR ENVIRONMENTAL EFFECTS OF CRACK BREAKS

Sheet 6 of 7

PROJECT: P. G. Ec E. —DIABLO CANYON ¹1

PIPING SYSTEM: FEEDWATER LEAD 4

PIPING RUN: LINE ¹5 6

Break
Location
,Col.line
f. area

Break
Type(a)

Jet(b)
Direc-
tion

Target

TABLE C-2 (con't.)

Target Envel-
opment AreaDistance

At (ft2)
Temperature at

Target (oF
Humidity at
Target($ )

15.R-L
(GW)

15
J-K
(GW)

15-M
(GW)'

Junction Box
BJG 165

K 6123
(Vital ckt. )

T 648
(Vital ckt.)

15

0.25

Note: (c)

Note: (c)

Note: (c)

Note: (c)

Note: (c)

Note: (c)

:V. E=: (a) LC — longitudinal crack
CC — circumferential crack

N — north
S — south
E — east
W —west
U —up
D — down

(c) Environmental capabilities of the
equipment and circuits subJected to the
Jet are being investigated.
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TABLE OF TYPICAL RESULTS FOR ENVIRONMENTAL EFFECTS OF CRACK BREAKS

Sheet $ of 7

PROJECT: P. G. & E. - DIABLO CANYON ¹1

PIPING SYSTEM: MAIN STEAM

PIPING RUN: LINE ¹583 584 585 586 (IN TURBINE ROOM

TABLE C-2 (con't.)

Break
Location
Col.line
& area

Jet(b)
Direc-
tion

Target
Target Envel-
opment AreaDistance

A (ft2)t
Temperature at Humidity at

Target ( F) Target(g)

15.2
D-E

(14O')

15.2
D-E

(14O')

LC

LC '

K 52'f2
(Vital ckt. )

K 5273
(Vital ckt.)

14

O.83

1.0

Note: (c)

Note: (c)

Note: (c)

Note: (c)

.f;:ZS: (a) LC — longitudinal crack
.CC — circumferential crack

N — north
S - south
E — east
W —west
U — up
D — down

(c) Environmental capabilities of the
equipment and circuits sub)ected to he,

get are being investigated.
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FIGURE C-2 JET IMPINGEMENT EVALUATION

DESIGN BASIS BREAK CONFIGURATIONS

A. CIRCUMFERENTIAL BREAKS

TARGET

1

FLUID FLOW
I 10

BREAK AREA = PIPE FLOW AREA

1/z
A = A + 0.625A L + 0.09765L~o

'

where A = PIPE FLOW AREA0
L = DISTANCE FROM JET SOURCE

B. LONGITUDINAL BREAKS

FLUID FLOW

A = BREAK AREA
0

= PIPE FLOW AREA

R =2D
0

W =~D/8
0

A (i + 2L tan 10o) . ~W + 2L tsn 10o~

C. SL1KVZ2 DESIGN BREAKS

/
/

/
I I

I

I
I

I
I

I

J

~ ~

I
I

I
I ....10

3.6A-217
MAY10 1974



Nuclear Services Corporation
CAME~CAUtOIHIA

A. SHAPE FACTOR FOR PLANE SURFACE

SF COS t

B. RECTANGULAR JET IMPINGING ON CZLINDRICALTARGET

h
F 2DS «I - —tor h < D

0

Spl/2 for h > D

C CIRCULAR JET IMPINGING ON PIPE WITH JET DIAMETER LESS THAN PIPE DIAMETER

D
0

.288D
S

D

D. CIRCULAR JEI'MPINGING ON PIPE WITH JEP DDQGTER GREATER THAN PIPE DIAMETER

D ~ ~ 2R
D S ~ 0+712

FIGURE C-3 DETE|QGNATION OF SHAPE FACTORS FOR,
JET IMPINGEWKtC ANALISIS

MAY101974,
3.6A-218



1Vecker Services Corporative
CAMPBELL, CALLFORNIA

700

F I GURE C-4

JET CENTERLINE STAGNATION

TEMPERATURE

MIXING
ANGLE'00

500
LLJ

I-

400
I—

CD

I—

300

MIXING ANGLE12''I
ZING REGION

L/D,

200I-
ROOM TEMPERAT URE

100

0

'4 6 1'0 20 40 60 100 200 400 600 1000

DISTANCE (L/Dp)
3.6A-219

MAYt0 t97I,



nuclear Services Corporation

MAY10 1975
3;6A-iso



1Vuclear Services Corporations

APPENDIX D
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D.l INTRODUCTION

This appendix summarizes the evaluation of the adequacy, of essential struc-

„tures to withstand abnormal loading conditions in the event of a postulated

pipe rupture of the main steam or. feedwater lines. The evaluation includes

comprehensive analyses of pipe rupture restraints, impingement sleeves,

auxiliary building structure and the containment. In addition, a prelimin-

ary evaluation of'igh energy lines in the turbine building has been con-

ducted. to determine the potential consequences of pipe rupture with respect

to the integrity of the component cooling water heat exchangers and other

vital components. Design modifications hsve been proposed. when deemed nec-

essary to protect the integrity of structures vital for safe shutdown.

The analyses of pipe rupture restraints includes the determination of the

stiffness properties necessary for characterizing dynamic pipe rupture

behavior and. establishes the ultimate load capacity of all restraints.

These analyses also provide the data required to determine reaction loads

at structural attachment points. Restraint modifications have been proposed

to either reduce loads or prevent excessive pipe whip which would endanger

concomitant structures. A description of the restraint systems and the

analyses which were performed is provided in Appendix D.2.

In order to prevent unacceptable get impingement loads at various postu-

lated pipe break locations, the utilization of impingement sleeves has been

3.6A-225

MAY10 1974



Nuclear Services Corporation

I

proposed. A description of the analyses and. design of these sleeves is

given in Appendix D.3.

By including the modified pipe restraint system in the dynamic pipe whip

model (as per Appendix B) —, predictions for restraint and structural loads

were obtained.. These loads were combined. with the applicable Jet impinge-

ment, compartment pressurization, seismic, and normal operating loads; and

a structural analysis, as described in Appendix D.4, was performed on the

affected. components. The modified restraint system acts in a manner that

prevents unrestrained pipe whip, and therefore, consideration of pipe

impact onto primary structures was not necessary. Upon combining all cred-

ible loading conditions for the analyses completed to date, it has been

established, that with some modifications the efficacy of necessary structures

will not be impaired beyond an acceptable level.

All of the proposed. design modifications were incorporated into the anal-

yses. For those changes related to the piping in area GW and, along the

pipeway, sufficient analysis has been completed to allow for detailed

designs to be prepared. In all other areas, feasibility has been estab-

lished and conceptual designs are being generated. The proposed structural

modifications are itemized and described in Section D.4.6.

3.6A-226
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D.2 ANALYSES OF PIPE RUPTURE RESTRAINTS

D.2.1 Descri tion of Restraints

The pipe rupture restraint system for the main steam and. feedwater lines

between the containment anchor and the G-line anchor consists of two sub-

systems: the pipeway on the northwest side of containment (area F), and.

the frame restraints in area GW (north auxiliary building). Locations of

all restraints are shown, schematically, on the isometric piping drawings

in Appendix B, Figures B-1 through B-6.

Restraint in the pipeway area is provided. by several inter-connected space

frames which are attached to the containment outer wall with anchor bolts.

This arrangement results in a relatively stiff structure which 'develops

high loads when sub)ected to dynamic load conditions. In order to attenuate

the dynamic loads, the addition of annealed stainless steel (A304) rods at

selected. locations has been proposed as a design modification. Tables

D-1 and D-2 provide a summary of restraint type and. location (NSC node num-

ber as designated in the mathematical model) for each significant pipeway

restraint.

The restraint system in area GW (feedwater and main steam lines 3 and 4) is

comprised of a series of discrete, wide flange beam frames which carry loads

generally independent of each other. These frames are attached. with base

plates and anchor bolts to adjacent concrete structure (floors, walls, and.

3.6A-227
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columns). Since these frame structures have high stiffnesses, rods have

been proposed, where necessary to reduce structural loads. Restraint types

and specific locations within area,GW are summarized in Tables D-3 and D-4.

Three typical frame restraints located in area GW are shown on Figures D-l,

D-2 and. D-.3, and a portion of the pipeway space frame is depicted in Figures

D-4 and D-5. Complete details of all restraints are available from the

Pacific Gas and Electric (PGKE) contract drawings of Reference 20 'he
basic rod (U-bolt) design which has been proposed as a design modification

is given in Figure D-6. The detailed design of connection points to existing

or proposed frame structure has, yet to be completed.

Additional elements of the main restraint systems are provided by the con-

tainment and. G-line pipe anchors. The containment anchors (both feedwater

and main steam) consist of an axisymmetric collar, flued, head, which acts

integrally with the pipe and is welded to a containment penetration pipe

sleeve. Restraint at the G-line anchor is provided. by a large welded plate

girder. Locations of the pipe anchors are shown, schematically, on the

isometric piping drawings in Appendix B, Figures B-1 through B-6.

D.2.2 Load Combinations

The frame restraints in area GW and along the pipeway were sub)ected to the

load. combination criteria of Reference 3.

3.6A-228
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he area GW restraints actively function only during a postulated. break,

thus the only significant loadings are derived from the pipe rupture reactions.

Since the pipeway space frame in addition to providing rupture restraint

also acts as a pipe support, it must be sub)ected to load. combinations which

include dead and seismic loads. The seismic loads consist of components

due to horizontal and vertical response of both the pipe and the space frame.

Applying the criteria of Reference 3 and. utilizing the acceleration response

spectra of Reference 21, the following load combination equation was derived

for determining maximum beam attachment loads at the containment:

X = D + L + T + R + P + Y + Y + Y + Feqsa a a J r m

where

X = Design capability

D = Dead. load

Live load

Thermal load generated by postulated break and including T

T0

Yr

Feqs =

Thermal load under normal operating. conditions

Pipe reactions under thermal conditions

Pressure equivalent static load

Jet impingement loads

Restraint reaction due to postulated break

Missile impact loads

Loads generated by the double design earthquake

3.6A-229
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h

Since the live, therma1, pressure, and get impingement loads are negligible

or nonexistent, and since the pipe is restrained in a manner which prevents

generation of missiles, the above load combination reduces to

X = D + Y + Feqs.r

The pipe anchors are sub)ected to loadings derived from normal conditions,

severe and. extreme environmental conditions, and postulated pipe rupture.

For the ana1yses performed on the penetration sleeve reaction upon the con-

tainment, the loading types were combined according to the three criteria

from Reference 3 as given in Section D.4.2. For the ana1yses performed on

the steel portion of the anchors, the loadings were combined according to-

.Section F of Reference 3 as follows:

Z = D+L+T +Y +Y +Y +Feqs
& r ) m

where Z = Section design capability based on 50fo of ultimate strain.
A

The loads generated by the double design earthquake were conservatively

assumed to be equal to two times the loads generated by the design earthquake.

In addition, T was conservatively assumed to be less than T . Dead, live

and get impingement loads are negligible or nonexistent, thus the Section F

criterion becomes

Z = T + Y + 2.0 Feqo.o r
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D,2.3 Methods of Anal sis

The frame restraints in area GW were analyzed. for a plane stress condition

with the aid of the computer code MARC-CDC. MARC-CDC is a non-linear,

finite element program developed at the MARC Analysis Corporation. Xt is

a recognized program in the public domain, and is available and supported

at the CYBERNET Centers of Control Data Corporation; A description of the

software, is provided in a three volume user manual (Reference 22).

Since the frames can be realistically considered. as uncoupled plane struc-

tures, the plane stress analysis was conducted so that the effects of shear

deformation would be accurately accounted for. Constitutive parameters

were ad)usted for WF beam flanges in consideration of the non-plane pro-

perties of the individual 'beams. All frame attachment points'were considered

as fixed boundaries unless initial analysis indicated a need to reduce

moment transfer. Reduction of moment at attachments was accomplished by

locally deleting a portion of the beam flanges from the model.

Due to the high degree of coupling between ma)or restraint points in the

pipeway, it was considered appropriate to conduct segmented three dimensional

analyses of the space frame in order to establish the pertinent character-

istics. These analyses were accomplsihed through the utilization of MARC-CDC

beam elements (shear deformation neglected) )oined as fixe". members. Attach-

ments to the containment wall were modeled as pinned joints in consideration

of the relatively high flexibilities at these points.
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For most of the load cases, the above analyses were completed within the

elastic regime; however, in isolated instances significant yielding occurred.

In such cases the isotropic strain hardening option of MARC-CDC was auto-

matically invoked and a non-linear analysis was thus obtained. ~ Typical

finite element models used for the analyses of area GM'nd pipeway re-

straints are depicted in Figures D-1 through D-5.

The A304 rod restraints (Figure D-6) were analyzed as one-dimensional,

purely extensional members with material strain hardening included in the

plastic region. Yield load and elastic and strain hardening stiffnesses

were based on the gross rod cross-section. Ultimate load was established

by the tensile stress area of the threaded portion in con)unction with the

maximum allowable strain. The following conventional formulations were

utilized for the analysis.

A E
K

e L

r stA E

st L

P = a Ay

P = a A
ma ma s

MAY10 197a
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where

K = Elastic stiffness
e

K = Strain hardening stiffness-st

A = Gross cross sectional area of rod.r
A = Tensile stress areas

E = Elastic modulus

E = Strain hardening modulusst
L = Effective length of rod

P = Yield load

P = Maximum allowable load, (ultimate)
ma

a = Yield stress

a = Maximum allowable stress
ma

In general, the pipe anchors were analyzed, with classical structural analysis

methods. However, in order to establish ultimate anchor capabilities,

strain hardening effects for bending were incorporated by the methods defined

in Reference 23.
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D.2 ' Material Pro erties

Typical stress-strain curves for the steels used in the frame restraints

of area GW and the pipeway are provided in Figures D-7 and D-8, respectively.
r

Fl

Median material parameters„, .as, noted, were used with the finite element

models for characterization of the restraints. Ultimate load capability

was based on a maximum strain allowable established as 50 percent of the
~ ( p

minimum strain associated with ultimate stress.

'aterialproperty variations for annealed. A304 stainless steel are shown
e

on the stress-strain curves of Figure D-9. The median materia1 properties

as indicated were utilized for the pipe, rupture analyses. However, the

structural loads that could result from rods with upper bound properties

were also determined,. An increase of 15$ in the median load was established

from the data provided in Figure D-9 for the upper bound case. Amplifica-

tion of loads due to high strain rates for annealed-A304 are insignificant

per'eference 24.

The material allowables utilized for the pipe anchor analyses are summarized

as follows:

~ Containment Pi e Anchor

Concrete {bearing adjacent to penetration sleeve)

Allowable design bearing stress = .75
f'here,f' 3800 psi {Reference 4)c
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Pi e Penetration Sleeve and. Flan es (ASTM A-333 Gr 1, Reference 25)

Room Tem .

= 30. ksi

a = 55. ksiu

6DO F

22.2 ksi

55.0 ksi

~ G Row Pi e Anchor

Bo1ts (A490)

a = 130. ksi (Reference 26)

e = 150. ksi
U

Welded Plate Girder (A-516 Gr 70)

a = 50. ksi
y

(Reference 27)

Shear Lu s welded to i e (A204 Gr C, Reference 20)

Room Temp.

a = 43. ksi

a = 75. ksiu

600 F

37.75 ksi

81.40 ksi

(Reference 28)

D.2.5 S of Results

From the analyses, the force-deflection behavior of the restraints was com-

piled in a manner which defined a bilinear curve. That is, yield and ultimate

loads and. elastic and. inelastic stiffnesses were determined, This data was

then employed in the dynamic pipe whip model (Appendix B) to simulate restraints.
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Tabulations of the characteristics for selected restraints along feedwater

and main steam lines for area GW and the pipeway are provided in Tables

D-5 and D-6. The characteristics for restraints which'ave not been listed

are of similar magnitudes.

Analyses of the pipe anchors and ad)acent structure for the predicted pipe

rupture, thermal, and seismic loads indicate that the design criteria is

satisfied assuming the following proposed modifications:

A. The main steam and. feedwater containment anchors associated. with lines

1 and 2 be modified to'ncrease the torsional capability of the pene-

tration sleeves. This modification can be implemented by providing

a load path through additional beams on the outside of the contain-

ment. These beams would be attached. between the exterior flange of

the penetration sleeve and the space frame connection points on the
h

containment surface.

B. The shear lugs on the G-row anchor should be modified. so that the con-

tact point is located within 1.0 inch of the attachment point. The

moments developed by the pipe rupture loads (from main steam lines l.
and 2 and the feedwater line) at the G-line anchor cause yielding of

the shear lugs. This has been incorporated. into the dynamic analysis

and it has been demonstrated that no pipe whips result from the lack

of moment resistance at G-row anchor.

MAY10 1974
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D. 3 IMPINGEM19fT SLEEVES

The impingement sleeves (Figure D-10) which have been proposed for incorpor-

ation at selected pipe elbows throughout the feedwater and main steam lines

act to prevent jet impingement upon critical structures and equipment which

would occur as a result of design circumferential or longitudinal pipe

breaks. In the event of longitudinal pipe rupture within the sleeve, the

thrust is reacted fully by internal pressurization with the exception of

two small gets which escape at the sleeve termination points.

The capability of the proposed sleeves to withstand the longitudinal and

circumferential break get impingement forces has been investigated and a

detailed analysis has established the design requirements. In addition,

the sleeves have been analyzed and designed. to transfer rod. restraint

(U-bolt) loads which will be imposed at some sleeve locations (Figure D-6).

In order to retain the capability for field inspection of the pipes, the

sleeves are designed to allow for field disassembly. This is accomplished

by utilizing two half-sleeves bolted together through flange elements as

shown schematically in Figure D-10. More detailed designs are being developed

and will be presented in a, future report.
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D.3.2 Methods of Anal sis

The impingement sleeves are designed to withstand. internal pressurization

resulting from circumferential or longitudinal pipe breaks and to transfer

the bearing loads developed by the.propos'ed rod restraints. Material allow-

ables corresponding to fifty'percent of ultimate strain were utilized for

design values. Each sleeve is designed for a single event, and the strains

and deflections associated with this event are allowed to exceed the elastic

limit but not to exceed values associated with ultimate stresses.

J
Away from the bolted flanges, the state of stress in the sleeve under internal

pressurization is essentially that described by shell membrane theory, and

the sleeve in these regions was analyzed, accordingly. The load transfer

between the half-sleeves is accomplished by bolted flanges reinforced with

gussets. The load transfer through these flanges generates local bending

moments which are carried by the flange-gusset assembly. The analysis of

this region was predicated upon the assumption of the material straining

beyond the elastic limit as stated above.

MAY|01974
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D,4 ANALYSIS OF HUILDING STRUCTURE 'AND 'CONTAINMENT

D,4.1 Descri tion of Structures

For the piping between containment and G-line anchors, the Category I struc-

tures of primary interest are the containment outer wall and area GW between

elevations 115'nd 140'. The ma)or components which bound area GW are re-

inforced concrete walls, floors and. interior columns. Ma)or structural walls

in this area act as shear members for reacting seismic loadings. Floors

and. interior columns carry dead loads and design live loads. The components

which experience significant loading are listed below:

a. 3'oncrete wall at column line 15~; separates area GW (and GE) from

main auxiliary building

b. 2'oncrete wall at column line J; separates area GW from turbine

building

c. 2'oncrete wall 17'ast of column line N

d. 2'oncrete floor slab at elevation
115'.

2'-8" concrete floor slab at elevation
140'.

2'nterior concrete columns, numbers 4 and 5

g. containment outer wall, 3'-8" concrete shell with 3/8" steel interior

liner

Figure D-ll provides a general layout for location of column lines. The com-

piete structural details are provided in the PG&E contract drawings listed

in Reference 20.

3.6A-239
MAY10 1974



i II

Nuclear Services Corporation

For postulated pipe ruptures occurring west of the G-line anchor and in the

turbine building, the ma)or structural considerations are dictated by the

need to protect the component cooling water heat exchangers and related equip--

ment from unacceptable damage levels. Methods o'f achieving this protection

were discussed in Section 7.2.1.3. In order to substantiate the retention

of structural integrity for the turbine building during a pipe rupture

event, the following structure must be evaluated.:

a. main exterior columns and vertical*cross-'bracing

b. primary shear walls (e.g. wall at column line 17)

C ~

d.

turbine pedestal

concrete floor slab at elevation 140'nd related steel frame super-

structure.

Figure D-12 provides a general layout for location of column lines. Perti-

nent turbine building structural details are provided in the PG&E contract

drawings listed in Reference 20.

D.4.2 Load Combinations

The structures described in the previous section are sub)ected to various
I.

loadings derived. from normal conditions, severe and extreme environmental

conditions, and. postulated pipe rupture. Structural design loadings include

dead, live, thermal and seismic; and rupture loads include differential com-

partment pressures, pipe restraint reactions and Jet impingement.- For the

MKfl01974 3.6A-240



Nuclear Services Corporation

ana1yses performed., all loading types were combined according to the three

criteria from Reference 3 as follovs:

Criterion 1. U = D + L + T + R + 1.5 Pa & a

Criterion 2. U = D + L + T + R + 1 25 P + Y + Y + Y + 1 25 Feqoa a ' r g m

Criterion 3. U = D + L + T + R + P + Y + Y + Y + Feqsa a a r ) m

where:

U = Section design capability

D = Dead. load

L = Live load

T = Thermal loads due to postulated. breaka

R = Pipe reactions under thermal conditions due to postulated
break

Y = Restraint reactions due to postulated. breakr
Y = Jet impingement load,s

Y = Missile impact loads
m

Feqo = Loads generated by design earthquake

Feqs = Loads generated by double design earthquake.

All credible combinations vithin each individual criterion vere considered

in order to define the worst condition. For example, the floor slab in area

3.6A-241
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GW at elevation 140'eveloped-the highest stresses when the design live '

loads (7.85 psi) were neglected. Furthermore, since maximum values for

normal, seismic and abnormal loads were superimposed in all instances,

credit was not taken for the potentially beneficial consequences of load

time phasing. Restraint attachment points were analyzed for the load com-

bination conditions described. in Section D.2.2.

D.4.3 Methods of Anal sis

Section design capability for reinforced concrete members was established

by employing ultimate strength methods as defined in Chapter 10 of ACI-318

(Reference 29). Capacity reduction factors were applied to the calculated

failure capability as per Chapter 9 of ACI-318. A value of 0.90 was utilized

for members sub)ected to localized. loading with bending, and a value of 0.70

was used for members acting as beam-columns.

In general, yield line theory (References 30, 31, and 32) was utilized to

determine the ultimate capability of floors, walls and columns. 'Analyses

performed in this manner assume yielding of the reinforcing steel and

cracking of the concrete accompanied. by a redistribution of moments. In

order to ascertain the limiting load various crack patterns, yield lines

defining a collapse mechanism must be considered. Once the critical pattern

is determined, a virtual work analysis is performed and. the ultimate load

is established.'4
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Before the use of the yield line method of analysis can be )ustified,

compliance with criteria related. to the reserve ductility of the structure

must be established.. Since concrete is essentially a brittle material,

the ductility of reinforced concrete is derived from the capability of the

steel reinforcing to sustain large deformations. However, effective "plas-

tic hinges" cannot be developed to redistribute moments unless the steel

controls the ultimate section capability. This is the case when the flex-

ural member is underreinforced; that is, the steel yields well in advance

of concrete crushing (p ( 0.50pb). As the member design approaches balanced

(p = p ) or overreinforced (p ) p ) conditions, crushing of the concreteb

becomes critical and an attendant loss of ductility is experienced. 'here-

fore, the utilization of yield-line analysis is predicated on the necessary

condition that the member be underreinforced. Furthermore, the ductility

criterion is also a sufficient condition when other modes of failure

(e.g. shear as opposed to bending) are determined to be secondary.

Sin'ce the primary floor and. wall slabs and columns associated with the

building structure are very lightly reinforced, the rotational capacity,

ductility, of the members is sufficient to )ustify the use of yield-line

analyses. For example, pertinent data for the walls at column line 15 7

and J'an be summarized as follows:

3.6A-243
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Wall 9 15 Wall 6 J

pb . Balanced steel ratio o.o58 o.o58

p : Actual steel ratio 0.0019 0.0042

.033 .072

Thus, it is apparent that more than sufficient rotational capacity is avail-

able to sustain ultimate loads without concrete. crushing.

The accuracy of yield-line analysis has been verified by comparison to

test data (Reference 32). Available test results indicate that values

obtained from yield line analysis are 80$ to 90fo of the actual capacity,

thus the theoretical results are conservative. The conservation of the

theory is derived from (1).the strain-hardening capability of the reinforce-

ment, (2) membrane action of the slab near failure, and (3) the presence

of compressive membrane stresses during bending. Test results of charac-

teristic slabs also serve to alleviate uncertainties due to effects of

triaxial states of stress at slab boundaries.

Yield line patterns resulting in minimum capability were established for

the respective structures for each type of abnormal loading (impact, get
I
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impingement and differential pressure). These loads were then conserva-

tively superimposed with normal and seismic loads and ultimate structural

capabilities were thus established for moment and. shear resistance.

Frame restraint column and beam attachments were analyzed. elastically by

conventional methods available in numerous text books (e.g., Reference 33)

and in accordance with the working stress method per AISC Specifications

Part I (Reference 34). All column (beam) base connections were assumed to

'be bearing type'nd thus were sub)ected to tension and, shear interaction.

Interaction relationships were taken from References 34 and 35. ~

Two methods were utilized to characterize the restraint provided by wall

and floor penetrations. When an applicable structural reaction boundary

could be defined, the allowable loads and stiffnesses were determined by

using an elastic-plastic, plane stress, closed form solution of a point

load applied to a semi-infinite plate. This solution was based on the
k

derivation given in Reference 36, which has been modified to include the

nonlinear behavior of concrete. Conventional linear structural analysis
E

methods were utilized for penetration characterization for instances where

an applicable boundary could not be defined. In all cases the loads re-

suiting from data calculated by the above techniques are conservative since

'no consideration was given to the kinetic energy absorbed. locally by the

impacting pipe.
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D.4.4 Material Pro erties

The allowable design stresses for the materials as specified by PGkE contract

drawings (Refexence 20) are summarized as follows:

Concrete:
t

Allowable design stress = 0.85fc

where,
'If = 3000 psi for containment and turbine building
c
If = 5000 psi for area GWc

Reinforcin Steel (ASTN, A615, Reference 25)

Grade 60 (f = 60000 psi) for containment and some area GW columns

Grade 40 (f = 40000 psi) all other structure

-*6. = 6

Base Plates - A36, f = 36000 psi (Refex'ence 34)

Anchor Bolts - A4g0 (Reference 34)
'i

Allowable working stress '= 54000 psi (based on gross cross-sectional
~ area)

D.4.5 S of Results

This section provides a summary of the results of the structural analyses

of the pipe rupture restraint attachments and building structures and documents

\ '

3.6A-246

.MNio l9I4



1Vuclear Services Corporation

the comparisons between structural capabilities and predicted loads,

including load combination requirements. The predicted. pipe rupture loads

are based on results found. elsewhere in this report, and the normal oper-

ating and seismic loads are from data provided by PGKE, References 4, 6

and 37m

In Tables D-7 and D-S, load. comparisons are made at individual pipe rupture

restraint locations along feedwater lines 1 and 2, and 3 and. 4, respectively.

Load comparisons are provided for main steam lines 1 through 4 in Tables

D-9 and D-10. In each case the overall allowable load was determined by

selecting the weakest applicable component as critical. For example, at

restraint 1047-2RT(-Z) there are four components which are loaded; that is,

rod, frame, column attachments, and. floor; the rod being critical in this

example.

In general, the predicted applied. loads represent values obtained for

"median" restraint material properties. In a few instances the loads

resulting from upper bound properties precipitate a change in the critical
component thus reducing the available margin of safety. Vhen this condition

is present, it has 'been noted by indicating the upper bound load. in paren-

thesis and the minimum margin of safety has been shown. The allowable load

for all structural components includes the effects of load combinations

when applicable. Results of the analyses show that all components meet the

loading criteria specified. herein assuming the proposed modifications are

incorporated.
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Table D-11 provides a comparison of predicted peak differential compartment

pressures to allowable„ pressures as established by load combination 1 which

is critical for pressure. Vith the exception of the containment outer wall

for which elastic bending theory was employed, the ultimate pressure capa-

bility values were derived from yield line analyses. The wall at column

line„J, margin of safety of 4g, has been determined. to be the critical

component with respect to pressure.

Evaluation of load combinations 2 and 3 indicates that the minimum allow-

able loads, without exception, result from combination 2 because the struc-

tural capability is more sensitive to 1.25 P than to 1.0 Fegs plus 1.0 P .a

Furthermore, the dead and. live loads and seismic stresses, as part of the

load combination for structures in bending, had negligible effect on the

capabilities of walls and columns and significant effect on floor capabilities.

Table D-12 summarizes the loads induced into reactive structure of area GM

by the pipe rupture restraints and. compares this load to the allowable reac-

tive load. ln all cases the structural capability exceeds the applied load..

For the pipeway area the maximum restraint reactions experienced by the con-

tainment are less than 1000 kips while the capability is in excess of 3000

kips. Therefore, in all cases the containment wall has greater capability

than the attachments which are associated with the pipeway structure.

MAY)01974
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Table D-13 compares the predicted, get impingement forces at unsleeved breaks

to the allowable loads. All potentially impinged structures in area GV can

withstand the''predicted forces'ithout modificat ions.

For all of the above tables the allowable load entries with "greater than"

quantities imply that the particular value can be refined. upward with addi-

tiona1 anuses. Loads associated with the proposed structural modifications,

which are required to provide rod attachment points, are not presented since

fina1 design values have not been established.

Insofar as the results have been completed, it is noted that no structural

failures will result from the predicted loadings. However, implementation

of a number of structural modifications has been proposed and. was assumed
C

throughout the ana1yses. The proposed. modifications are discussed in the

following section.

D.4.6 Structural Modifications

As indicated in Appendix D.2, it is proposed. that a number of stainless

steel rods be added to the pipe restraint system in order to maintain the

loads at an acceptable level. Additional frame structure will also be re-

quired at selected points either to enhance load distribution or to provide

attachment points for the rods. Furthermore, it 'is proposed that minor modi-

fications to some existing restraints be implemented to increase load capa-

bility and ensure structural integrity.
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In particular, it is proposed. that the following modifications be incor-

porated:

Feedwater and Main Steam Lines 3 and 4

~ 1047-2RT and 1047-'11RT - Extend two beams to the ceiling at El. 140'.

Add eight, 1 3/4" diameter bolts to the base plates of Detail 3E/464

(Dwg. 'No. 438464) to increase +Z capability.

~ 1047-4RT — Remove short length of flanges of the W 36x300 at El.
115'n

order to redistribute loading.

~ 1030-7RT and 4120 — Remove short length of flange of horizontal beam

at El. 126'-9" adjacent to the wa11 at 15 . Strengthen existing wall

attachment to increase shear capacity.

~ 3220 3170 4085 and 4067 - Add a steel frame restraint between floors

at El. 115'nd. El. 140'nd between column lines 15 and 157 and rows

J and K. The frame will provide attachment points for rod restraints

necessary to prevent unrestrained pipe whip.

Feedwater Lines 1 and 2

~ ~123 - Add vertical beam at El. 114'-9 1/2" for rod. attachment.

See Fi'gures B-1 through B-6 for location of restraints and piping node
numbers.
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~6 — „9 4" »8

Modify horizontal beams from wide flange to box section. Add a

horizontal beam at El. 118'-2".

~ 1160 - Add short vertical and hor'izontal beams'or rod attachment.

Main Steam Lines 1 and '2

box sections to increase capability.

~ 1180 and 2185 —Attach a WF 36x300 to the five space frame attachment

points at El. 123'-0" in order to redistribute loads.

~ 1172 and 2172 —Add vertical beam between Els. 119'-1" and 114'-9 1/2"

and modify existing WF beams to box sections.

~ 1060 and 2015 — Remove vertical beam in penetration of wall at 15 to

allow rod restraint to function effectively.

~ Selected bolted connections within the pipeway space frame must be

welded: in order to transfer the applied loads.

G-Line Anchor Area

~ Feedwater nodes 1369, 1189 and 1191; and main steam nodes 3080, 4025,

3110, 3070, 4040, 4020, 3140, 4055, 2010 and 1055.
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~ Add frames and rod restraints in the area between column lines 15 and

157 and between G-row anchor and J row to prevent unrestrained pipe whip.

Further modification of selected frame restraints in the form of structural

shims is proposed and. considered necessary to control the amount of kinetic

energy generated during a rupture event. The shims act* to reduce the gap

through which the pipe moves prior to impact and thus are effective in
r

easing the dynamic load amplification at restraints.

As a result of the need for additional venting area to reduce GW compartment

pressures (see Appendix A.3), it has been proposed that the construction

opening in the wall at column line J remain open. This additional opening

will influence the strength and. stiffness of the shear wall in tezms of the

capability to resist seismic loading. Analyses of this condition indicate

that shear stresses are increased by 30$ but remain well within the allowable;

therefore replacement structure is not required,.

Analysis of modifications that are associated with high energy lines within

the turbine building are currently in progress.
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TABLE D-1

RESTRAINT SUMMARY FEEDWATER LINES 1'AND 2

PGEcE

Restraint
Number

NSC Node
Number

Direction"

1046-2RT
1046-3RT
1046-5RT
1046-6RT
1046-7RT
1046-20RT
1046-20RT
1046-21RT

1046-10RT
1046-11RT
1046-13RT
1046-14RT
1046-15RT

1100llll
1114
1117
1121
1128
1137
1139
1150
1153
1160
1185
1189
1191
1200
1211
1215
1216
1219
1226
1239
1241
1261
1263
1267

P
F

.F
R

R
P
R

P
F
F

P
F
F
F

P
R

F '

F
F
F

R

R
RR; R

P PF; R

F
F I

F
F

R
F
F
F
F

R
P

P
F

F
F.
F
F
F
F
F

R

F
F
R
R

F
R

R
F
F
R
R

Some restraints are not parallel to global coordinate system.

F — Frame

P — Wall or floor penetration

R- Rod
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TABLE D-2

RESTRAINT SUMMARY MAIN STEAM LINES 1 AND 2

PGErE

Restraint
Number

NSC Node
Number

Direction+

1024«6RT

1024-7RT
1024-8RT
1046-20RT

1046-20RT'025-5RT

1025-6RT

1025»7RT
1025-8RT
1025-10RT
1046-20RT
1046-20RT

1213
1185
1178
1175
1172
1167
1157
1140
1135
1121
1112
1062
1060
1055
1312
2225
2205
2190
2185
2180
2177
2170
2140
2125
2105
2100
2080
2075
2020
2015
2010
2240

F
R

P
P

'

F
R

R
P

P
P
F

R
P

P

P
R

F
F
F
R

P

P
F
R

F
F
F
F
R

P

P

R

R

R

F

P

P
F

R
F
R
R
F

P

R

F
F
F

R

P

R
F
F
F
F

R,
P

R
F

F
R
F
R
R

R

F

F
F
R

F
R
R

P

Some restraints not parallel to global coordinate system.

MAY10 1974

F - Frame

P » Wall or floor penetration

'R — Rod
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TABLE D-3

RESTRAINT SUMMARY FEEDWATER LINES 3 AND 4

PG&E
Re'straint

Number
NSC Node

Number

Direction

1047-2RT
1047-3RT
1047-4RT
1047-5RT
1047-6RT
1047«17RT
1047-7RT
1047-8RT
1047-20RT
1047-20RT

1047-llRT
1047-12RT
1047-13RT
1047-14RT
1047-15RT
1047-20RT
1047-20RT

1302
1303
1305
1309
1315
1327
1332
1335
1336
1339
1343
1349
1356
1363
1369
1402
1403
1405
1409
1415
1427
1433
1437
1443
1450
1457

W

F
R

F
F
F

P
R

F
F
F
F
F
F
F
F
F
P
R
P
R

F
F
F
F
F
F
P

F
F
F
F
F
F
F
W

W

P

F
F
F
F
W

W

P

R

W

F
W

W

W

W

P

R
F
F
F
P

F
F
F
F
F
F
F
P

F
F
F
F
P

F - Frame

P - Wall or floor penetration

R — Rod.

W - Wall or floor

3.6A-255
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TABLE D-4 k

RESTRAINT SUMMARY MAIN STEAM LINES 3 AND 4

PGErZ

Restraint
Number

NSC Node
Number

Direction

1030-5RT
1030-6RT

!

1030-7RT
1030-8RT
1030-10RT
1030-llRT

1030-3.4RT

3292-
3290
3285
3275
3270
3250
3245
3220
3180
3170
3150
3140
3130
3120
3110
3100
3080
3070
3420
3500
3593

P
P
F

P

P '

P
P
F

R
P

P
P

P
pt
F
F
F.
F
F

P.
R

P
F

~ F
F
F
F

P

R

W

W

R

a p
P
F

F
,F

F

R
'"

P
R

P
P
F

F - Frame

P - Wall or floor penetration

R — Rod

W - Wall

MAY10 l9'j4
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TABLE D-4 (Cont'd)

RESTRAINT SUMMARY MAIN STEAM LINES 3 AND 4

PGErE

Restraint
Number

NSC Node
Number -X

Direction

1031-5RT
1031-6RT

1031-7RT
1031-8RT

l
I
I

1031-11RT !
I

4132
4130
4127
4120
411o
4095
4o85
4070
4o67
4o6o

'o55
4o5o
4o45
4o4o
4o35
4o25
4020
4o13
415o
4190

P
F
F

P

I

P
P

P
W

R
P

P
P

P
F
F
F
F
F

P
F
F
F
F
F

R
F
F
R

P
P
F

F
F

R

P
R

P
P
F

F — Frame

P — Wa11 or floor penetration

R-Rod

W — Wa11

3. 6A-257
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TABLE D-5
SUMMARY OF TYPICAL RESTRAINT PROPERTIES FOR FEEDWATER AND MAIN STEAN 1 AND 2

PGAE
Restraint

Ncnber Node

1100

Load
Direction

+X, +Y

Restraint
Type

Containment
Penetration

Eb a;ic
Defi> c-.ion

(: n.)

0.0142

Plastic
Deflection

(in.)

0.0235

Elastic
Stiffness 6bs/inxlo

6o.o

Strain
Hardening
Stiffness

bs/inxlo

44.2

Yield
Load

(kips)

852.o

Kaxincn
Allovable

Load
(kips)

1893.0

1100

1046-'2RT

llll'046-3RT

1114

Containment
Penetration

Rod

Rod

o.o144

0. 107

o.o88

0.0222

5.81

59.0

2.69

3.26

46.8 . 852.o

0.013 ', 286.3

I

0.0162 '86.3

1893.0

362.o

362.o

1046-5RT 1117

1046-6RT 1121

1046-7RT (s 1128 0
1046-20RT 1137

1046-21RT 1150

1153

1160

1213

1213

+X

+X, +Y

Rod.

Rod

Rod.

Rod,

Rod

Rod

Containment
Penetration
Containment
Penetration

o.o88

o.o88

0.09

0.121

0.096

o;o88

0.0230

0.0218

5.22

5 22

4.43'.76

5.38

5 22

0.0391

0.0352

3.88

3.88

1.72

1.96

2.45

3.88

64.8

68.3

0.019

0.019

o.oo85

0.0097

0.0122

0.019

46.6

51.8

34o.7

34o.7

151.3

236.7

236.7

34o.7

1490.

1490.

44o.o

. 44o.o

189.0
-'02.3

3o2.6

44o.o

3312.

3312.

1185 Rod. 0.26511 14.870 1.749 0.008683, 463.68 592. 80

1172

1024-7RT '167 -Y

Rod,

Rod

0.129

0.1962

16.079

24.44

4.28

2.641

0.02124

0.01311

552.41

518.25

893.94

838.66

1024-7RT 1167'; +Z Rod 0.103 5 99 5.86 0.0291 6o5.7 780.0



nuclear 5'emices Corporcsiori

TABLE D-6
SUMMARY OF TYPICAL RESTRAINT PROPERTIES FOR FEEDWATER AND MAIN STEAM 3 AND 4

PGfcE
Restraint

Nunber Node
Load

Direction
Restraint

Type

Eli.s'Iic
Defli c-.ion

(: n.)

Plastic
Deflection

(in.)

Strain
Elastic Hardening

Stiffness
6

Stiffness
bs/inx10 1bs/inx10

Yield
Load

(kips)

Nminun
Allowable

Load
(kips)

1303 +Y Rod 0.103 5.80 2.29 0.0113 236.8 302.3

1305

1047-2RT

1309'047-2RT

1309 -X

Rod

Column

0.225

0.04422 0.0

0.103 . 5.48 2 772

3.155

39.8 39.8

7zo.o
I

1760.

0 0138 286 3 362.0

1760.

1047-2RT 1309

1047-2RT 1309

1031-5RT 4130

1031-5RT 4130

Rod

Wall

0.272

0.079

0.0695

0.0187

4.636

0. 0696

1.75

4.30

20.08

23. 8

0.0214

4.9

1395. 0

444. 785.

476.5

340 7 -439 9

1031-5RT 4130

1031-5RT 4130

Frame 0.0374

0.0449

26.67

21.07

997 0

945.

4120

1030-BRT 3270

Rod 0.142

0.0391

9.3 5 37

15.94

0.0266 766;6 1014.0

623.9

1030-BRT 3270

1030-BRT 3270
I I

Wall

0.0494

0.03251 0.0

11.98

9 5 9 5

592 2

3088.0 3088.0

1030-BRT 3270 -2
~
Frame

1030-10RT &I 3250 &
'030-llRT3245 ; +Y ; Frame

0.0740

0.0463

ll.53

16.36

'53.6
758.0



Nuclear Services Corporation

TABLE D-7

COMPARISON OF COMBINED RESTRAINT

LOADS To ALLOWABLE RESTRAINT LOADS

FEEDWATER LINES 1 & 2

PG&E
Restraint
Number

1046-2RT
1046-3RT
1046-5RT
1046-6RT
1046-7RT
1046-20RT
1046-21RT

1046-10RT
1046-'llRT
1046-13RT
1046-14RT
1046-15RT
1046-15RT

NSC Node
Number

llll
1114
1117
1121
1128
1137
1150
1153
116o
1211
1215
1216
1219
1226
1226
1239
1241
1261
1263
1267
1267

Dir.

+Y
-Z
+X
-Y
-Z
-Z
-Z
-X
-Y
+Y
-Z
+X
-Y
-Y
-Z
-Z
-Z
-X
-X
-X
+Y

Applied.
Load (2)
(~ips)

305
323
381
411
188
160
258
24o
156
313
323
391
391
942
155
158
163
251
250
197
196

Allowable
Load (')
(kips)

362
362
440
44o
189
189
302
302
189
362
362
44o
44o

1164
189
189
189
302
302
238
238

Critical
Component

Rod
Rod.
Rod
Rod
Rod
Rod
Rod.
Rod
Rod
Rod
Rod
Rod
Rod
Attachments
Rod
Rod
Rod
Rod
Rod
Rod.
Rod

Margin
of

Safety

0.19
0.12
0.15
0.07
0.01
o.18
0.17
o.26
0. 21
0. 17
0.12
0.13
0.13
o..24
0.22
0.20
o.16
0. 20
0.21
0.21
0.21

(1) Only those restraints with significant'oading are enumerated.

(2) Predicted combined restraint loads (See Section D.2.2)

(3) Based on analysis of restraint frame, rod, attachments, and containment or
building'structure.

MAY10 1974

3.6A-260
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TABLE D-8

COMPARISON OF PIPE BREAK RESTRAINT

LOADS TO ALLOWABLE RESTRAINT LOADS

FEEDWATER LINES 3 0 4

PGOE

Restraint
Number

NSC Node
Number

Dir.
Applied
Load (~)
(zips

Allowable
Load (')
(~ips)

Critical
Component

Margin
of

Safety

1047-2RT
1047-2RT
1047-3RT
1047-3RT
1047-4RT
1047-4RT
1047-5RT
1047-5RT
1047-6RT
1047-6RT
1047-7RT
1047-7RT
1047-8RT
1047-8RT
1047-11RT
1047-11RT
1047-13RT
1047-15RT
1047-20RT
1047-20RT
1047-20RT

1302
1309
1309
1315
1315
1327
1327
1332
1332
1335
1335
1339
1339
1343
1343
1409
1409
1427

1437'356

1450
1443
1305
1303
1457

+Y
-Z
+X
-Y
+Y
+X
-Y
+Z
+Y
-Y
+Z
-Z
+Z

-Z
+X
-Z
+X
+Z
+Y
-Z
+Z
+Z
+Y
-Z

1862
396(455)
264(3o4)

1060
373
342
671
325
343
425
687
940
522
3o8
436
259
396
288
565
324
347
2o4
252
257

1543

1893
475(")
313

1800
700
362(")

>824(')
362

>514(')
2310

> 975
975

> 975
2310

> 975
849
44o
362

> 975
443
375

lo58
362(")
302(4)

2397

Containment wall
Floor attachments
Floor attachments
Frame
Floor attachments
Rod.
Frame
Rod
Frame
Floor at El.

115'allat 15
Wall at 15
Wall at 15
Floor at Rl.

115'allat 15
Column 84
Rod.
Rod.
Wall at 15
Wall attachments
Wall attachments
Wall at 15
Rod.
Rod.
Wall at J

0. 02
o.o4
0.03
0.70
o.88
o.o6

>0 ~ 23
0.11

>0.50
High

>0.42
o.o4

>0 87
High

>1 24
High
0.11 .

o.26
>0.73
0.37
o.o8
High
o.44
0.18
0.55

(1) Only those restraints with significant loading are enumeratei.

(2) Predicted restraint loads from pipe rupture analysis using median'material properties.
Upper bound loads shown in parenthesis if the margin of safety is affec,ed.

(3) Based on analysis of restraint (frame or rod), restr~int c~l~:zn or beam attachment,
and. wall (floor) structure.

(4), Values reflect capability of proposed redesign (see Appendix D.4).

(5) Yield, point of frame restraint.

3.6A-261
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~TABLE D-

COMPARISON OF COMBINED RESTRAINT

LOADS To ALLOWABLE RESTRAINT LOADS

MAIN STEAM LINES 1 8c 2

PGRE .

Restraint
Number

NSC Node
Number

Dir.
Applied
Load (2)
(kips)

Allowable
Load (3)
(kips)

Critical
Component

Margin
of

Safety,

1024-7RT
1024-7RT
1024-8RT
1024-SRT
1024-20RT
1024-20RT

1025-7RT
1025-7RT
1025-10RT
1025-10RT
1025-20RT
1025-20RT

1185
1178
1172
1167
1167
1157
1157
1140
1135
1121
1112
1062
1312
2190
2185
2177
2170
2170
2125
2125
2105
2100
2080
2075

+Y
-Z
+X
-Y
+Z
-Y
-Z
-Y
-Z
-Z
-X
+Y
,+X
+Y
-Z
+X
-Y
+Z
-Y
-Z
-Z
-Z
-Z
-X

515
87o

920(1058)
7o4
619
343
4p5
34o
345
673
423
298
726
515
87o
920
7o4
619
343
4o5
34o
345

- 673
423

593
1014
1101

839
78o
44p
44p
44p
44p
78o
44o

1858
2473

593
1014

932
839
78o
44o
44o
44o
440
78o
44o

Rod.
Rod
Attachment
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod.
Wall 9 15
Floor 8 El.

140'od,

Rod
Rod.
Rod
Rod.
Rod
Rod
Rod.
Rod
Rod
Rod

0.15
0.17
o.o4
0.19
o.26
o.28
0.09
0.29
o.28
o.16
o.o4
High
High
0.15
0.17
0.01
0.19
o.26
o.28
0.09
0.29.
o.28
0.16
o.o4

(1) Only those restraints with significant loading are enumerated.

(2) Predicted combined restraint loads (See Section D.2.2) using median material
properties. Upper bound loads shown in parenthesis if the margin of safety
is affected.

(3) Based, on analysis of restraint frame, rod, attachments and containment or
building structure.

MAYIO,I9'll
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TABLE D-10

COMPARISON OF .PIPE BREAK RESTRAINT

LOADS To ALLOWABLE RESTRAINT LOADS

MAIN STEAM LINES 3 Ec 4

PGI|:E
Restraint
Number

NSC Node
Number

Dir.
Applied.
Load (2)
(hips)

Allowable
L ad (3)
(tips}

Critical
Component

Margin
of

Safety

1030-6RT
1030-6RT
1030-7RT
1030-7RT
1030-8RT
1030-10RT
1030-10RT
1030-11RT
1030-11RT

1031-6RT
1031-6RT
1031-7RT,
1031-SRT
1031-SRT

3295
3285
3285
3275
3275
3270
3250
3250
3245
3245
3245
3500
4120
4127
4127
4U.o
4095
4095

+X
+X
-Y
-Y
+Z
-Y
-Y
+Y
+Y
-Z
-Y
+X
-Y
-X
-Y
-Y
-Y
-Z

1772
361
384
(4)

783(9oo)
556
626
757
464
616
298

2676
(4)
431

1059
448
415
421

3312
657

>1282(5)
(4)
975

>592(')
>715( )
>758(')
>758(5)
>975
>714( )
3846

(4)
657

>1282(5)
>714(')
>714( )
1119

Containment wall
Floor attachments
Frame
Wall attachment
Wall at 157
Frame
Frame
Frame
Frame
Wall 9 157
Frame
Floor 6 Elev.

140'all

attachment
Floor attachments
Frame
Frame
Frame
Wall attachments

o.87
o.82
High

o-.o8
>o.o6
>0.14
>0.00
>0.63
>o.58
>1.39

o.44

0.52
>0.21
>0 59
>0.72
1.66

(1) Only those restraints with significant loading are enumerated.

(2) Predicted restraint loads from pipe rupture analysis using median material
properties. Upper bound. loads shown in parenthesis if the margin of safety is
affected.

(3) Based on analysis of restraint (frame or rod), restraint column or beam

attachment, arid. wall (floor) structure.

(4) Redesign proposed to reduce applied. load and increase capability (see Section
D.4.6).

(5) Yield point of frame restraint.

3.6A-263
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TABLE D-11

RESULTS .OF ANALYSIS OF

LOAD COMBiNATION 1( )

AUXILIARY.BUILDING-AREA.GW

'Structural
Component

Floor slab at
Elev.

115'all

at column
line 15 <

Wall at column
line "J"

Wall at
17'astof column

line "N"

Floor slab at
Elev.

140'ontainment

Ultimate
Pressure
Capability(psi)

19.8

17.4

14.5

19 9

>19. 8

>13.9

Allowable
t

Pressure (psi ) (

13.2

11.6

9.6

13.3

>13.2

> 9.3

Predicted.
Peak
Pressure(psi)(

9.26

9.26

9.26

<9.26

9.26

9.26

(2)

(3)

Load Combination 1: U > D + L + Ta + Ra + 1.5 Pa

where U = Section design capability (psi)
D Pa= Predicted peak pressure (psi)

U»Alleeuhle pressure =
1.5

where U" = U — (D .+ L + Ta + Ra) = Ultimate pressure'capability
Based on results presented in Appendix A.3.

s

MAYt0 197(,
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TABLE D-12

RESULTS OF ANALYSIS OF

LOAD COMBINATIONS 2 AND 3 FOR RESTRAINT REACTIONS

AUXILIARYBUILDING-AREA GW

Structural
Component

Floor slab at Elev.
115'-West of Col. line

'K'llowable(kips) (')

384

Maximum
Predicted Y (kips) ( )r

192

Floor slab at Elev.
115'-East of Col. line
tKI 2310 744

Wall at column line
15- between pilasters 975 765

Wa11 at column line
15- at pilaster 975 764

Floor slab at Elev.
14O< 963 757

Interior Column 84 849 259

(1) See discussion of Appendix D.4.2 for definition of terms and constraint

equations.

(2) Load. combination 2 is critical in all cases since the 1.25 P (11.58 psi)a

term has a greater effect on the capability than does the double design

earthquake (1.0 Feqs) ~

(3) Predicted. restraint loads (Y ) based on pipe whip analysis (Appendix B).

3. 6A-265
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TABLE D-13,"

RESULTS OF'ANALYSIS OF LOAD

COMBINATIONS 2 AND '3 FOR JET IMPINGEMENT

FEEDWATER AND;,MAIN STEAM LINES 1 2 3 Es 4

Structural Component'reak Allowable Load Maximum Predicted
L ~-kip.(4)

Feedwater

Containment 1303, 1403 High 120

'all

6 Col. Line 15

Wall 8 Col. Line J
i

'Floor 8 Elev.
107'ain

Steam

Containment

1303 y 1369 y
1429'403

1000

1375,1000

1185,2190

> 975

> 716

359

High

120

440

200

1200

Column No. 5

Floor 6 Elev.
115'loor

8 Elev.
140'loor

6 Elev.

107'all

6 Col. Line J

Wall 8 Col. Line 15"

3295

3273,4115

3273 ~ 3540 ~1052 ~

2005,3060,4005

1052,2005,3060,
4005,1050 >2001 i
3050,4001

1050%200103050,
4001

4115,4135

609

1703

1903

359

> 716

> 975

549

920

920

270

540

869

(1) See Appendix D.4.2 for definition of terms and constraint equations.
(2) Design breaks without sleeves.

(3) Allowable total Jet impingement force when load. combination 2 or 3 is invoked.
(4) Predicted maximum loads based on Jet impingement analysis (Appendix C),utilizing a dynamic load factor equal to 2.0. (Reference 19}.

M~~V tO >n<
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~ FIGURE D-2
FINITE ELEMENT MODEL
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FIGURE D-3
FINITE ELEMENT MODEL
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FIGURE D-4

FINITE ELEMENT MODEL
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F~IGURE D-;
FINITE ELEMENT MODEL
PIPEWAY SPACE FRAME
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FIGURE D-6

BASlC ROD RESTRAlIiT DESXGIJ

Load
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(U-Bolt)

Connection Point

MAY10 1974 3.6A-272



Nuclear Services Corporation

FIGUR~

~*6
AREA GV RESTRAINTS
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FIGURE D-8

MEDIA'f STRESS - STPAIN FOR

A 441 STEEL PIPE'PAY RFSTRAINTS
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FIGURE D-12
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3.7 SEISMIC DESIGN

3.7.1 INPUT CRITERIA

Desi n Res onse S ectra

Section 2.5.2 provides a discussion of the earthquakes postulated for the Diablo
Canyon plant site, and the effects of these earthquakes in terms of maximum

freefield ground motion accelerations and corresponding response spectra at
the plant site. The maximum vibratory accelerations at the plant site would

result from either Earthquake D-modified or Earthquake B, depending upon the

natural period of the vibrating body. Response acceleration spectra curves for
horizontal free field ground motions at the plant 'site from Earthquake D-,

modified and Earthquake B are presented in Figures 2.5-17 and 2.5-18,
respectively.

For design purposes, the response spectra for each damping value from Earthquake

D-modified and Earthquake B are combined to produce an envelope spectrum. The

acceleration value for any period on the envelope spectrum is equal to the larger
'f

the two values from the Earthquake D-modified spectrum and the Earthquake B

spectrum. Vertical free field ground accelerations are assumed to be two-

thirds of the corresponding 'maximum horizontal accelerations, and the vertical
free field ground motion response spectra are assumed to be two-thirds of the

corresponding horizontal spectra. The hypothetical earthquake which would

produce these horizontal and vertical vibratory accelerations is termed the
Design Earthquake (DE).

In order to assure adequate reserve energy capacity, the design of Design Class

I structures and equipment is reviewed for accelerations twice those of the

DE. The hypothetical earthquake which would produce these double vibratory
accelerations is termed the Double Design Earthquake (DDE).
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Desi n Acceleration — Time Histor

The free field ground motion acceleration time histories used in the dynamic

analyses of the Containment Structure and Auxiliary Building are developed by

the following procedure: The response spectra for 2% damping for Earthquake

D-modified and Earthquake B are enveloped to produce a single response spectrum

(DE intensity). A time history is then developed that produces a spectrum with
no significant deviation from the smooth DE envelope spectrum. This procedure

eliminates undesirable peaks and valleys that exist in the response spectrum

calculated directly from the earthquake D-modified and earthquake B records.
A similar procedure is used to obtain a free field ground motion acceleration
time history for the DDE. " The free field ground motion acceleration-time his-
tories for the DE and DDE are shown in Figures 3.7-1 and 3.7-2 respectively.
Comparison of the response spectrum computed from time history with the smoothed

envelope spectrum is shown in Figure 3.7-3 (2% damping) and in Figure 3.7-4

(5% damping) for the DE and DDE respectively. These spectra are calculated
at period intervals of 0.01 seconds, which adequately define the spectra.

Dam in Values

The specific percentages of critical damping used for Design Class I structures,
systems, and components are as follows:
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% of Critical Da in
e of Structure DE DDE

Containment structures and all
internal concrete structures

II

2.0 5.0

Other conventionally reinforced concrete
structures above ground, such as shear
walls or rigid frames 5.0 5.0

Welded structural steel assemblies

Bolted or riveted steel assemblies

1.0

2.0

1.0

2.0

Vital piping systems

Foundation rocking*

0.5

5.0

0.5

5.0

* Five percent of critical damping is used for structures founded on rock for
the purpose of "c'omputing the response in the rocking mode, and seven per-
cent of critical damping is used for the purpose of computing the response

in the translation mode.

Bases for Site De endent Anal sis

Site conditions are used to develop the shape of site seismic design response

spectra as described in Section 2.5.2.

Soil-Su orted Structures

All Design Class I -plant structures are founded on rock with, the exception of
the following, which are located on compacted engineered fill:

Condensate Water Storage Tank (one for each unit)

primary Water Storage Tank (one for each unit)

I

Firewater and Transfer Tank (one, for both units)
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The depth of fillvaries from zero to twenty feet. To account for effects of
the fill, the free field gr'ound motion response spectra were increased by 50%

in accordance with Reference l.

Soil-Structure Interaction

Soil-structure interaction effects are considered as described in Section 3.7.2
,under the heading "Description of Seismic Analyses," subheading "Design Class I
Structures."

3. 7.2 SEISMIC SYSTEM ANALYSIS

In accordance with the proposed STANDARD FORMAT AND CONTENT OF SAFETY ANALYSIS

3 REPORTS FOR NUCLEAR POHER PLANTS, paragraphs under the first two headings below,
"Seismic Analysis Methods" and "Description of Seismic Analyses," apply to all
seismic analysis performed, i.e.. both seismic system analysis and seismic sub-

syst: em analysis. Paragraphs under subsequent headings in this section (3.7.2)
provide discussion of specific topics applicable to seismic system analysis.
Discussion of specific topics applicable to seismic subsystem analysis is
provided in Section 3.7.3.

The seismic analysis of Design Class I structures, systems, and components is „

based on input free field ground motions of the DE and DDE described in
Section 3.7.1.

Seismic Anal sis Methods

Four dynamic methods of seismic analysis are used for Design Class I structures,
systems, and components: time, history modal superposition; response spectrum

modal superposition; response spectrum, single-degree-of-freedom, and the method

for 'rigid equipment and piping. The concept of modal analysis and each of the
I

3 four methods of seismic analysis are discussed in subsequent paragraphs.

Modal Anal sis

The structure, system, or component is represented as a mathematical model

which is in the form of lumped masses interconnected by, springs or finite
elements. The mathematical model typically has one, two, or three degrees of

3. 7-4
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freedom for each lumped mass or node point, but could have as many as six
degrees of freedom for each lumped mass or node point.

Each multiple-degree-of-freedom (multidegree) system has the same number of
normal modes as it has degrees of freedom. The characteristic of a normal mode

of vibration is that, under certain conditions, the multidegree system could

vibrate freely in that mode alone, and during such vibration, the ratio of
displacements of any two masses is constant with time. These ratios define the

characteristic shape of the mode. For any vibration of the multidegree system,

the motion in any of, the individual normal modes can be treated as an inde-
pendent single-degree-of-freedom system, and the complete motion of the multi-
degree system can be obtained by superimposing the independent motions of the

individual modes. The normal mode method is limited to linear, elastic systems.

The natural frequencies and characteristic shapes are determined by solution
of the equations of motion for free vibrations.

Time Histo Modal Su er osition

The time history of response in each mode is determined from the acceleration
time history input by integration of the equations of motion. The modal

responses are combined by algebraic sum to produce an accurate summation at
each step.

Res onse S ectrum Modal Su er osition

The response spectrum is a plot, for all periods of vibration, of the maximum

acceleration experienced by a single-degree-of-freedom vibrating body during a

particular earthquake. The response spectrum modal superposition method of ana-

lysis applies to multidegree systems and is based on the'concept of modal analy-
sis. The modal equation of motion for a multidegree system is analogous to the

equation of motion for a single degree of freedom. The maximum response in each

mode is calculated, and modal responses (displacements, accelerations, shears,

moments, etc.) are combined by the square root of the sum of the squares method.

For closely spaced modes, the combined total response is obtained by taking the
absolute sum of the closely spaced modes and then. taking the square-root of the
sum of the squares with all other modes. (See Subsection 3.7.3 under the head-

ing "Procedures for Combining Modal Responses for an exception to the procedure

for closely spaced modes).
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Res onse'S ectrum Sin le-De ree-of-Freedom

Many components can be accurately represented by a single-degree-of-freedom

mathematical model. The response spectrum method of analysis is applicable, ~

and the concept of modal analysis is not required.

Ri id E ui ment or Pi in

When a mechanical component or piping run is rigid (T< .05 seconds), it is
designed for the maximum acceleration experienced by the supporting structure

(or ground if the component is located on the ground) at that location.

A lication

All Design Class I structures, systems, components, and piping are designed

by time history modal superposition, response spectrum modal superposition,

response spectrum single-degree-of-freedom, or the method for rigid equipment

and piping, except the following:

1. Containment spray pumps and motors which are designed by the pseudo-dynamic

method described in this Section (3.7.2) under the heading "Description of

Seismic Analyses" subheading "Design Class I Mechanical Equipment."

2. Certain Design Class I piping less than 6 inches in diameter that is
restrained according to criteria described in this Section (3.7.2) under

the heading "Description of Seismic Analyses," subheading "Design Class I

3. Mechanical equipment whose seismic adequacy is verified by testing as

described in Section 3.9.

4. Electrical and instrumentation equipment whose seismic adequacy is verified
by testing as described in Section 3.10.
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Descri tion of Seismic Anal ses

Desi n Class I Structures

Dynamic analyses by the time history modal" superposition method were performed

for the Containment Structure and the Auxiliary Building by John A. Blume &

Associates, .Engineers. Acceleration time histories were obtained at specific

points in the structures, and fiom these, response spectra were calculated.

In order to provide for possible variations in the parameters used in the

dynamic analyses, such as mass values, material properties,, and material

sections, the calculated spectra were modified. It is estimated that the cal-

culated periods of the structure could vary by approximately 10%, and to

account for this, the peaks of the spectra were correspondingly widened. The

modified spectra, known as "smooth spectra," are used in the design of Design

Class I equipment and piping located in the Containment Structure and Auxiliary

Building.

Allowable stresses for Design Class I structures are presented in Section 3.8.

Containment Structure

Model

The Containment Structure calculations were performed with. a computer program

for analysis of axisymmetric structures by the finite element method. The

foundation rock mass and the Containment Structure are modeled as one struc-

ture system to consider the effect of rock-structure interaction, as shown in

Figure 3.7-5. The boundary dimensions of the model are selected such that they

do not have a significant effect on the response of the structure. The

exterior shell and internal structure are modeled using shell elements with

four degrees of freedom at each nodal point. There is a total of 156 nodal

points and 140 elements in the model. The weight of mechanical equipment in

the structure is included in the calculation of equivalent mass density for

the structure elements. Values of elastic constants for the rock mass and

their variation with depth are based on field measurements made at the plant

site (see Section 2.5).
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Input Boundary Motions

In the seismic analysis of the finite element model, the motions at the boundary

of the rock mass are required as input. These boundary motions are derived

using procedures described in the following steps:

1. The finite element model of the rock mass only (without the structure) 'is

subjected to a unit impulse acceleration acting at the rock mass boundaries.

As a result, the acceleration time-history (impulse response which reflects
the rock mass properties) is obtained at the center nodal point on the

surface of the rock mass.

2. The impulse response function, together with the desired free field

boundary motion is obtained as the output. This boundary motion, when used

as input to the rock mass model, produces a time history at the center nodal

point on the surface of the model that is equivalent to the free field
motion. To check the accuracy of the boundary motion, the rock mass without
the structure is analyzed using this motion as input, and the computed

free field ground motion at the center nodal point on the surface of the
rock mas's is obtained. The computed free field spectrum is calculated
for this surface motion and compared with the DE (or DDE) smoothed spectrum.

Due to approximations involved in the analytical methods used to derive the
boundary motions, the computer spectra show slight deviations from the

desired smoothed spectra. To account for these deviations, the structural
response results are then conservatively scaled upward by appropriate
correction factors.

The boundary motions derived from the procedure described 'above are used

to complete the analysis of the Containment Structure.

Natural Periods and Mode Shapes

The natural periods for all significant modes of the Containment Structure are
listed in Table 3.7-1. "The corresponding mode shapes are shown in Figure
3.7-6.
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Response Values

The analysis provides acceleration time histories, maximum absolute

accelerations, displacements, shell forces and moments, total shears, and

total overturning moments. These maximum response values are listed in
Tables 3.7-2 through 3.7-7 for the nodal points indicated in Figure 3.7-.5.

Acceleration response spectra are calculated from the acceleration time

histories, and corresponding smooth spectra are prepared. Typical smooth

spectra are shown in Figures 3.7-8 through 3.7-12.

Auxiliary Building

Model

The dynamic time history analysis of the Auxiliary Building is performed with a

computer program for analysis of a spring and lumped mass model. The model,
I

shown in Figure 3.7-13, consists of six lumped masses with three degrees of
I

freedom at each mass point; one translational degree of freedom in each

horizontal direction and one rotational degree of freedom. The weights of the

mass points include an appropriate live load on each floor to account for the

effect of small pieces of equipment, concrete pads for equipment, tanks, pumps,

and incidental weight not considered otherwise. Weights of cranes, storage

tanks, and other large pieces of equipment are added to the appropriate mass
IP

point weights.

Locations of the centers of masses and rigidities are calculated to consider
R

torsional modes of vibration. Mass moments of inertia and torsional rigidities
are calculated by conventional structural analysis methods.

To simulate the foundation soil interaction with the structure, foundation

springs are introduced as shown in Figure 3.7-13. The stiffnesses of these

foundation springs are derived by using the equations developed for the case

of a rigid plate on a semi-infinite elastic half-space. ' The Auxiliary(2,3,4)

Building is a broad-based and comparatively low-rise structure, and therefore

rocking is insignificant.
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Natural Periods

The natural periods for all significant modes of the Auxiliary Building are

listed in Table 3.7-8.

Response Values

The analysis provides acceleration time histories for each degree of freedom at

each mass point. Haximum absolute accelerations, relative displacements, story

shears, overturning moments, and torsional moments are also calculated. These

response quantities are listed in Tables 3.7-9 through 3.7-13.

Acceleration response spectra are calcul'ated from the acceleration time

histories at the mass points, and corresponding smooth spectra are prepared.

Typical smooth spectra are shown in Figures 3.7-14 through 3.7-19.

Turbine Building and Intake Structure

The Turbine Building and the Xntake Structure are Design Class II. However,

Design Class I equipment is located inside: Component cooling water heat

exchangers, 4160 volt vital switchgear, and emergency diesel generators in the

Turbine Building; and auxiliary saltwater (ASW) pumps, ASW piping, and ASW

instrumentation in the Intake Structure. In order to provide assurance that

the function of Design Class I equipment will not be adversely affected even in
the unlikely event of a Double Design Earthquake, these structures are reviewed

for that earthquake to assure that they would not collapse. The analysis for
the Turbine Building shows that some yielding would occur in the vertical
X-bracing along column lines A, and G, shown in Figure 3.7-19A, from such an

earthquake in the North-South direction. The analysis was based on conservative

assumptions and showed that the yielding would be„limited to safe values. The

yielding occurs only in the X-bracing and does not extend to the columns or

spandrel beams. The analysis for the Xntake Structure showed that all stresses .

would be less than yield,
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Desi n Class I Mechanical E ui ment

Reactor Coolant Loop

Analysis of the reactor coolant loops and support systems for seismic loads is
based on a three dimensional, multi-mass elastic dynamic model, discussed in
Section 5.2. The model is shown in Figure 5.2-5.
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Reactor Vessel Internals

A standard containment building with the reactor vessel support, the reactor

vessel, and the reactor internals are included in the multi-mass mathematical

model used to determine the dynamic response of the reactor internals. The

mathematical model of the building, attached to the ground, is similar to that

used to evaluate the building structure. The reactor internals are modeled

as a single degree of freedom system for vertical earthquake analysis because

previous analyses have shown that this is its behavior. The reactor internals

are mathematically modeled by beams, concentrated masses, and linear springs

for horizontal earthquake analysis.

All masses, water and metal are included in the mathematical model. All beam

elements have the component weight or mass distributed uniformly, e.g., the=

fuel assembly mass and barrel mass. Additionally, wherever components are

attached uniformly their mass is included as an additional uniform mass, e.g.,
baffles and formers acting on the core barrel. The water near and about the

beam elements is also included as a distributed mass. Horizontal components

are considered as a concentrated mass acting on the barrel. This concentrated

mass also includes components attached to the horizontal members, since these

are the media through which the reaction is transmitted. The water near and

about these separated components is considered as being additive at these

concentrated mass points. The modulus of elasticity is chosen at its hot value

for the three major materials found in the vessel, internals, and fuel assem-

blies. In considering shear deformation, the appropriate cross sectional area

is selected along with a value for Poisson's ratio. The fuel assembly moment

of inertia is derived from experimental results by static and dynamic tests

performed on fuel assembly models. These tests provide stiffness values for

use in this analysis. The fuel assemblies are assumed to act together and are

represented by a single beam. Figure 3.7-20 shows the mathematical model used.
M

The evaluation is performed for the simultaneous occurrence of horizontal and

vertical seismic input motions. The total seismic response is obtained by

adding the responses for vertical excitation absolutely to the separate results

for the N-S and E-W directions. The larger of the two values so determined at

each point in the model is considered as the earthquake response. The

response spectrum method of analysis is used.
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It is readily observed from the mode shapes how a particular component

constitutes a natural mode of the system. The damping values are assigned

accordingly. For example, since the first mode obtained from the eigenvalue-
eigenvector solution using the model of Figure 3.7-20 is found to be determined

by the fuel assemblies, as shown in Figure 3.7-21, the conservative damping

value of 1 percent of critical is used for that mode. The damping values shown

for concrete structure in Section 3.7.1 are used whenever the Containment

Structure determines the system mode.

The response to horizontal excitation is conservatively determined by adding

the absolute responses for all modes. The results obtained from the linear
analysis indicate that during an earthquake, particularly the DDE, the relative
displacements between the components may close the gaps and consequently the

structures can impinge on each other. It is clear that linear analysis does

not provide information about the impact forces generated when components

impinge each other, but has the advantage of simplicity and provides information
about the natural frequency of the system. Therefore, for those cases where

components would be expected to impinge each other, linear analysis is applied
but the gaps are conservatively treated as being closed. Reference 5 provides
further details.

The criterion for normal plus DE loadings is that the stresses are limited to
those given by the ASME Nuclear Power Plant Components Code for upset condition.
These limits are intended to assure that the reactor will be able to continue
or resume operation. For the normal plus DDE and the normal plus DDE plus DBA

loading conditions, the criteria for acceptability in regard to mechanical

integrity analyses is that adequate core cooling and core shutdown must be

assured. This implies that the deformation of the reactor internals must be

sufficiently small so that the geometry remains substantially intact. Conse-

quently, the limitations established on the internals are concerned principally
with the maximum allowable deflections and/or stability of the parts in addi-
tion to a stress criterion to assure integrity of the components. The deflec-
tions and stresses caused by the DDE are small in comparison to those caused

by the DBA. Accordingly, faulted limits for the internals are covered in
Section 3.9.3.
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Other Design Class I Mechanical Equipment

Design Class I mechanical equipment is grouped into two categories: equipment

purchased directly by the Applicant; and equipment supplied by Westinghouse

Electric Corporation.

Equipment Purchased Directly by the Applicant

Design Criteria

Equipment is considered rigid if all natural periods are equal to or less than

0.05 second. Rigid equipment is designed for the maximum acceleration of the

supporting structure at the equipment location. Flexible equipment (natural
period greater than 0.05 seconds) is analyzed by response spectrum methods.

Hydrodynamic analysis of tanks is performed using the methods described in
Chapter 6 of Reference 6.

Allowable Stresses

Load combinations and allowable stresses for Design Class I equipment are

given in Section 3.9.

Equipment Supplied by Westinghouse El'ectric Corporation

The seismic response of Design Class I piping and components is determined as

part of a multi-degree of freedom model which includes the support character-
istics., This model is a multi-mass mathematical representation of the system.

A sufficient number of masses are included to assure an accurate determination
of the dynamic response. A single mass model is used to determine vertical
response loads for the seismic design when justified by the equipment design

characteristics and/or the conservatism of the assigned loadings.

Horizontal and vertical seismic umbrella spectra are prepared which encompass

the floor response spectra at the elevations where the piping system attaches

to the building structure. The system is evaluated for the simultaneous

occurrence of these horizontal and vertical seismic input motions. For each
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mode, the results for the vertical excitation are added absolutely to the

separate results for the N-S and E-W directions. The larger of the two values

so determined at each point in the model is considered as the earthquake

response. The umbrella spectra are compared with the horizontal and vertical
floor response spectra developed from the building time history analyses to

assure conservatism of the spectra used.

The effect of differential seismic movement of interconnected components between

floors are considered in the analysis. This effect is generally negligible.

In a coupled system with different structural elements, either the lowest

damping value of the system was used for all modes, or the damping was deter-
s

mined for each mode according to the energy distribution. Whenever the latter
method was used, a natural mode was found to have nearly all of its energy in
a particular structural element so that the damping for that element could be

used to give an accurate determination of the respose. The materials employed

in systems are standard. The material properties which can effect a variation
in modal period are well known, and the known variation in these properties

does not account for any measurable or significant shift in period or increase

in seismic loads.

Details of the response spectrum analysis are as follows:

1. If a component falls within one of the many categories which has been

previously analyzed using a multi.-degree-of-freedom model and shown to be

relatively rigid, then the equipment specification for that component is
checked to assure that the equivalent static g-values specified are larger

!

than the building floor response spectrum values and therefore are con-

servative. Equipment is considered to be rigid relative to the building if
its natural frequencies are all greater than twice the building's natural

frequency for all building frequencies that have accelerations greater

than the ground acceleration.

2. If the component cannot be categorized as similar to a previously analyzed

component that has been shown to be relatively rigid, then an analysis is
performed as described below.

3.7-14



Design Class I mechanical equipment including heat exchangers, pumps, tanks,

and valves are analyzed using a multi-degree-of-freedom modal analysis. Append-

ages, such as motors attached to motor operated valves, are included in the

models. The natural frequencies and normal modes are obtained using analytical
techniques developed to solve eigenvalue-eigenvector problems. A response

spectrum analysis is then performed using horizontal and vertical umbrella

spectra that encompass the appropriate floor response spectra developed from the

building time history analysis. The simultaneous occurrence of horizontal and

vertical motions are included in the analyses. These response spectra are

combined with the modal participation factors and the mode shapes to give the

structural response for each mode from which the modal stresses are determined.

The combined total seismic response is obtained by adding the individual modal

responses utilizing the square root of the sum of the squares method. Combined

total response for closely spaced modal frequencies whose eigenvectors are

orthogonal are handled in the above mentioned manner. In the rare event when

two significantly closely spaced modal frequencies occur and their eigenvectors

are parallel, the combined total response is obtained by adding the square root
*

of the sum of the squares of all other modes to the absolute value of one of

the closely spaced modes.

Under certain conditions, the natural frequency of the equipment is not cal-

culated. Under those conditions, using the appropriate damping value, the peak

value of acceleration response curve is used to calculate the inertia forces.

This method of calculation is termed the pseudo-dynamic method.

H

Hydrodynamic analysis of tanks is performed using the methods described in

Chapter 6 of Reference 6. Bridge and trolley structures are designed so that

restraints prevent derailing due to the DDE. The manipulator crane is designed

to prevent disengagement of a fuel assembly from the gripper under DDE.

Components and supports of the Reactor Coolant System are designed for the

loading combinations given in Section 5.2. Components are designed in complete

accordance with the ASME Boiler and Pressure Vessel Code, Section III, Nuclear

Vessels and the USAS Code for Pressure Piping. The allowable stress limits for

these components and supports are also given in Section 5.2.
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In addition to these limits, the reactor vessel radial movement for normal plus

the DDH plus the Design Basis Accident loading condition is limited to two

inches.

The loading combinations and stress limits for components and supports are

given in Section 3.9.

Desi n Class I Pi in

Criteria

The following criteria determine the type of seismic analysis performed for
Design Class I piping:

Six Inches in Diameter and Larger

Seismic analysis is performed. by the response spectrum, modal superposition

method.

Less than Six Inches in Diameter

Where feasible, the piping is restrained according to criteria which limit the

periods of free vibration to values that assure only moderate amplification of

~support accelerations. For exam'pie, the maximum period for straight runs'f
piping is 0.067 seconds. The supports are conservatively designed for a

seismic acceleration of 2g. In order to verify the adequacy of the restraint
criteria and support loads, the most flexible combination of piping and sup-

port arrangement was analyzed by response spectrum, modal superposition using

the largest applicable spectrum. The results of this analysis showed all
piping stresses less than the allowable values given in Section 3.9 and all
support loads less than the corresponding values calculated from the 2g

seismic acceleration.

Where the piping can not be restrained to meet the criteria of the .preceeding

paragraph, the seismic analysis is performed by response spectrum, modal

superposition.
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Model

The response spectrum modal superposition analyses are performed either by John

A. Blume & Associates, Engineers or by the Company. Three dimensional mathe-

matical models are used. A typical mathematical model is shown in Figure
3.7-22. Valves and'alve operators are included in the pipin'g models as eccen-

tric masses. Where Design Class II piping connects to Design Class I piping
between anchor points, the Design Class II piping is included in the model.

Allowable Stresses

Load combinations and allowable stresses for Design Class I piping are given in
Section 3.9.

Procedures Used to Lum

Masses'tructures

The mass of the structure is assumed to 'be concentrated at particular locations
4

on the model. These locations coincide with either floor levels, significant
points where dynamic response is required as input for piping and equipment,

nodal points in the finite element model, or any other points required to
accurately define the natural frequencies and mode shapes for the significant

I

modest

E ui ment and'Pi in

The mass of the equipment and piping systems is assumed to be concentrated at
particular. locations on the model. These locations coincide with either actual
masses such as pumps, motors, valves, etc.; restraints and anchors; or any

other points required to accurately define the natural frequencies and mode

shapes for the significant modes.

Rockin'nd Translational'Res onse'Summar

Methods used to consider soil-structure interaction are described in this
Section (3.7.2) under the heading "Description of Seismic Analyses," subheading

"Design Class I Structures."
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Methods Used to Cou le Soil With Seismic S stem Structures

The pro'cedures used to represent the Containment Structure and surrounding

rock mass, as' finite element model and the procedures used to derive the

stiffnesses, of foundation springs for the Auxiliary Building're described, in
this Section (3.7.2) under .the headirig "Description of Seismic Analyses," sub-

heading "Design Class I Structures."

Develo ment of Floor Res onse S ectra

Floor response spectra are developed using time history modal superposition

analyses as described in this Section (3.7.2) under the heading "Description

of Seismic Analyses," subheading "Design Class I Structures."

Differential Seismic Movement of Interconnected Com onents

Components and supports of the Reactor Coolant System are designed for the

loading combinations and stress limits given in Section 5.2. The loading com-

binations and stress limits for other components and supports are given in
Section 3.9.

Effects of Variations on Floor Res onse S ectra

Consideration of the effects on floor response spectra of possible variations
in the parameters used for the struc'tural analysis is discussed in connection

with the development of smooth spectra in this Section (3.7.2) under the head-

ing "Description of Seismic Analyses," subheading "Design Class I Structures."

Use of Constant Vertical Load Factors

The Category I structures are heavy, massive, reinforced concrete rigid-type
structures and are founded on competent hard rock. For such structures,
insignificant. amplification of vertical motions can be expected — the critical
factor in design being the response of the structures due to horizontal
earthquake motions. The Containment Structure and Auxiliary Building are

designed for a vertical static coefficient equal to two-thirds of the peak

horizontal ground motion in accordance with the'riteria approved in the PSAR.
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Method Used to Account for Torsional Effects

The Containment Structure is essentially axisymmetric and therefore has

insignificant torsional response. The torsional response of the Auxiliary

Building is calculated by use of a combined translational and torsional mathe-

matical model in the seismic system time history modal superposition analysis,

as described in this Section (3.7.2) under the heading "Description of Seismic

Analyses," subheading "Design Class I Structures."

Com arison of Res onses

Time history analyses only are performed for Design Class I structures.

Response spectrum analyses are not performed because the time history produces
Et

spectra that accurately represent the criteria response spectra.

Methods for Seismic Anal sis of Dams

There are no dams included in the Diablo Canyon plant.

Methods to Determine Overturnin Moments

The maximum overturning moments for Design Class I structures are determined

as part of the time history, modal superposition analyses. Vertical earthquake

is considered to act concurrently with the maximum horizontal overturning

moments.

Anal sis Procedure for Dam in

Structures are analyzed using modal superposition techniques, and element or

material-associated damping ratios are given in Section 3.7.1. "Composite"

or modal damping rat'ios in structural systems comprised of different element
I

material types are selected based on an inspection of the significant mode

shapes and on the assumption that the contribution of each material to the

composite effective modal damping is proportional to the elastic energy induced

in each material. The following criteria and procedures are applied on a mode

by mode basis to evaluate and conservatively determine composite damping values.
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1. Where a particular mode primarily indicates response of a single element

type, the damping ratio corresponding to that element type is assigned to
that mode. Where all but a negligible amount of the elastic energy is
induced in, for example, concrete or rock, the damping ratio appropriate
to these materials is applied. Similarly, where a lightly damped material
exhibits a major portion of the elastic energy of the mode, a conservative
choice is made to use the damping ratio of that material for that mode. In
most cases for this plant, the modes are well defined according to material
types and composite damping values can be selected on the basis of a

visual inspection of mode shapes and no additional numerical computations

are required.

2. In a few instances, the above criteria cannot be applied because a

particular mode, indicates response of several element types. The damping

ratio for that mode is conservatively estimated based on the degree of
participation of the different elements. The elastic energy induced in
the different elements is estimated and the composite damping values
assigned in proportion to the elastic energy.

The approach described above is consistent with currently accepted techniques,
and in all cases,'he damping values are selected conservatively. The use of
this approach results in a design that can conservatively re'sist the seismic

motions postulated for the Diablo Canyon site.

3.7.3 SEISHIC SUBSYSTEH ANALYSIS

Number of Earth uake C cles

Where fatigue is a criterion, it is assumed that there are 20 occurrences of
the DE, each producing 20 cycles of maximum response.

Basis for Selection of Forcin Fre uencies

Design Class I equipment and piping is analyzed by the response spectrum method

or the pseudo-dynamic method, using floor response spectra, unless it can be

shown to be rigid, as discussed in Section 3.7.2 under the heading "Seismic

Analysis Hethods." Accordingly, a special procedure to avoid certain
frequencies is not needed.
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Root Mean S uare Basis

The method for combining modal responses is defined in Subsection 3.7.2 under
the heading "Seismic Analysis Methods."

Procedure for Combinin Modal Res onses

For closely spaced modes, the combined total response is obtained by taking the
absolute sum of the closely spaced modes and then taking the square root of the
sum of the squares with all other modes.

An exception to, the procedure for closely spaced modes is Design Class I piping
analyzed by the response spectrum modal superposition method where all modal

responses are combined by the square root of the sum of the squares (SRSS)

method to obtain total response.

A study was conducted to evaluate the effects of combining modes with closely
spaced modal frequencies by the absolute sum method. A total of 29 piping
systems were studied, which represented approximately 20 percent of the total
number of piping systems analyzed.* Of these 29 piping systems, 8 systems had

no closely spaced frequencies and 8 systems had closely spaced frequencies which

were in the rigid period range and therefore required no further study.

The remaining 13 systems had some modal frequencies in the flexible range which

could be termed closely spaced. Of these, S systems had low seismic stresses
with an adequate margin of safety so that any possible increase in seismic

stresses due to combination of closely spaced frequencies by the absolute sum

method would not affect the safety of the piping systems. In addition, 6

systems had closely spaced frequencies, but study of the mode shapes revealed

that the seismic stresses would not be significantly affected by absolute sum

of these modal responses.

*As of August 21, 1973
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For the 2 remaining systems, it was not possible to positively conclude that
the effects of combining the modes with closely spaced frequencies by absolute
sum would be minimal by inspecting the stresses or mode shapes. Therefore,
these 2 systems were reanalyzed by computer and it was found that if the seismic
responses of the modes with closely spaced frequencies were combined by the
absolute-sum method, the increase in stress would be less than 1 percent.

It was therefore concluded that the combination of modal responses of piping
systems by the SRSS method is adequate an- conservative.

Si nificant namic Res onse Modes

The containment spray pump and motor are analyzed by the pseudo-dynamic

method which involves the multiplication of the total weight of the equipment

or component member by a seismic acceleration coefficient based on the peak

value of the acceleration response curve. The magnitude of the seismic
acceleration coefficient is established on the basis of the expected dynamic

response characteristics of the component. Components which can be adequately
characterized as a single-degree-of-freedom system are considered to have a

modal participation of one. Seismic acceleration coefficients for multi-degree
of freedom systems which may be in" the resonance region of the amplified
response spectra curves are increased by 50 percent to account conservatively
for the increased modal participation.

Desi n Criteria and Anal tical Procedures for Pi in

Stresses induced in Design Class I piping from relative movement of anchor

points (points where all degrees of freedom are fixed) are combined with
stresses calculated in the piping response spectrum modal superposition
analyses.
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When both anchor points are attached directly to a structure, the relative
displacement is determined directly from the time history modal superposition

analysis. When an anchor point is located on a component, the contribution of
the component deflection to the deflection of the mathematical model for the

piping analysis is evaluated and, if appropriate, the component is included in
the model.

Basis for Com utin Combined Res onse

As a minimum, mechanical equipment is designed for a vertical static coeffi-
cient equal to two-thirds of the peak horizontal ground motion in accordance

with the criteria approved in the PSAR. Horizontal and vertical responses are

combined by direct addition.

Equipment supplied by Westinghouse Electric Corporation is reviewed for a

vertical force determined from a response spectrum, single degree-of-freedom

analysis, as described in Subsection 3.7.2 under the heading "Description of
Seismic Analyses," subheading "Design Class I Mechanical Equipment."

The horizontal and vertical response of Design Class I piping is determined QQ

from the response spectrum, modal superposition analyses described in
Subsection 3.7.2 under the heading "Description of Seismic Analyses,"

subheading "Design Class I Piping." Horizontal and vertical responses are

combined by direct addition on a mode by mode basis. Modal responses are

combined by the square root of the sum of the squares method.
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Use of Sim lified D amic Anal sis j
All methods of seismic analysis used for Design Class I structures, systems,

components, and piping are described in Subsection 3.7.2.

l

Two methods of dynamic seismic analysis are used for Design Class I components

and piping which are different than multiple-degree-of-freedom, modal analysis
methods. The first of these is the response spectrum, single-degree-of-
freedom method used for components whose dynamic behavior can be accurately
represented by a single-degree-of-freedom mathematical model. The second of
these is the method for rigid components and piping where the component or

piping is designed for the maximum acceleration experienced by the supporting
structure at the location of support, if all natural periods of the component

or pipipg are less than or equal" to 0.05 second.

The "pseudo-dynamic" method of analysis is used for certain items of mechanical

equipment as described in Subsection 3.7.2. The basis for this method is described

in that Subsection (3.7.2) under the heading "Description of Seismic Analyses,"

subheading "Design Class I Mechanical Equipment."
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Certain Design Clahs I piping less than six"inches'n diameter is restrained
according to criteria describe'd'n Section'3.7.2 under'he heading "Description
of Seismic Analyses," subheading "Design Class I Piping." The results of a

response spectrum, modal superpose.tion analysis performed to verify the
adequacy of the restraint criteria are also described at that location.

Modal 'Period Variation

Consideration of the effects on floor response spectra of possible variations
in the parameters used for structural analysis is discussed in connection with
the development of smooth spectra in Section 3.7.2 under the heading
"Description of Seismic Analyses," subheading "Design Class I Structures."

'Torsional "Effects of 'Eccentric Masses

Valves and valve operators are included as eccentric masses in the mathematical
models for piping seismic analysis, as described in Section 3.7.2 under the
heading "Description of Seismic Analyses," subheading "Design Class I Piping."

Pi in Outside Containment Structure

The procedures used to determine piping stresses resulting from relative
movement between anchor points (points where all degrees of freedom are'fixed)

E

are discussed in this Section (3.7.3) under the heading "Design Criteria and

Analytical Procedures for Piping." The forces exerted by piping on anchor
points including the Containment Structure penetrations, are included in the
evaluation of stresses for Design Class I structures.

Buried Design Class I piping is confined by sand backfill in a rock trench.
The piping material is ASTM A 53 carbon steel. The ductility of this material
provides assurance that the integrity of the pipe would be maintained in the
unlikely event of a localized stress or strain concentration.

Interaction of Other Pi in With Desi 'Class'I'Pi in

Mathematical models for Design Class I piping seismic analyses normally
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originate- and terminate. at anchor points". Where.Design Class II piping connects

to Design Class' piping between'nchors,,the. Design Class'II piping is included
in the mathematical model.

Field 'Location 'of.*Su orts 'and 'Restraints

Seismic supports and restraining devices for Design Class I piping are located
as follows:

Two 'Inches 'In'Diameter 'and 'Less

38

Field-routed and vendor-furnished piping two inches and less in diameter is
supported by the piping installation contractor's field personnel in accordance

with criteria supplied by the Company's Department of Eng'ineering on Approved

for Construction drawings. These criteria specify size, type, spacing, and

permissable locations for seismic supports and restraining devices. Prior to
fuel loading, the completed installation of this piping will be viewed by an

experienced piping engineer from the Company's Department of Engineering to
assure compliance with the criteria and the observance of good design practice.

Lar er Than'Two 'Inches in Diameter

The size, type, and location of each support or restraining device on each line
is shown on Approved for Construction drawings.

The procedures followed during development of the Approved for Construction

drawings provide assurance that the field location and the seismic design of
supports and restraining devices are consistent with the assumptions made in
the seismic analysis. These procedures are:

1. The locations of supports and restraining devices are established on

preliminary drawings.

2. The locations shown on the preliminary drawings are used to develop the

mathematical model for the seismic analysis, and the seismic analysis is
performed. If the results show piping stresses higher than allowable,
adjustments are made in the location or type of support or restraining
device and the seismic analysis is repeated.
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3. The reactions calculated as part of the seismic analysis, combined with
other loads, are used for final design of piping supports and restraining
devices.

4. Mhen the design is complete, drawings are issued Approved for Construction
'l

to the piping installation contractor. Installation of supports and

restraining devices is in accordance with Approved for Construction
drawings.

3.7.4 SEISMIC INSTRUMENTATION PROGRAM

The seismic instrumentation installed at the Diablo Canyon consists of Strong
Motion Triaxial Accelerographs, Multielement Seismoscopes, and Peak Accelera-
tion Recorders, as describe'd below. This instrumentation is installed to ful-
fillall requirements of Regulatory Guide 1.12.

Location and Descri tion of Instrumentation

Seismic instrumentation is provided in the free field, on the Unit 1 Contain-
ment Structure, and on the Auxiliary Building to completely define free field
ground motions and to sample structural response. All strong motion triazial
accelerographs are rigidly attached to the structures so that their records

can be related to movement of the structures, and all are accessible for
periodic servicing and for obtaining readings.

Stron Motion Triaxial Accelero ra hs

A strong motion triaxial accelerograph provides a time history of acceleration
for each of three orthogonal directions. These histories are recorded at a

remote location on magnetic tape. The instrument starts recording on receipt
of a signal from a seismic trigger which has an adjustable threshold. Three

strong motion triaxial accelerographs are provided at Diablo Canyon: two on

the Unit 1 Containment Structure (one on the base slab and the other at
Elevation 231), and one rigidly mounted on the foundation rock far enough from

the plant structures that the recordings are representative of free field
ground motions. The recording equipment is located in the control'oom.
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Multielement Seismosco es

A multielement seismoscope consists of twelve singe-degree-of-freedom masses

arranged in such a way that each mass scribes its maximum displacement on a

steel plate. Each of the twelve masses has a different natural frequency of
vibration, with the natural frequencies selected to cover the range of interest
for the design response spectrum. The maximum displacement of each mass can be

directly related to its maximum acceleration, thus providing a point on the

response spectrum. One set of three multielement seismoscopes, each aligned on

one of three orthogonal axes, will be installed on the base slab of the Unit 1

Containment Structure.

Peak Acceleration Recorders

Peak acceleration recorders are located as follows:

1. On the internal structure and exterior shell of the Unit 1 Containment

Structure.

2. At Elevation 140 in the Auxiliary Building.

" 3. On the foundation slab of the Turbine Building.

4. Adjacent to the auxiliary saltwater pumps in the Intake Structure.

Control Room 0 erator Notification

Operation„ of the time history recording strong motion triaxial accelerograph
will activate an annunciator in the control room. The accelerograph record
will be available to the operator within a few minutes using rapid playback

equipment supplied by the accelerograph manufacturer.
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Evaluation

In the event of an earthquake that produces significant free field ground

motions, all seismic instruments will be read and the readings compared to the

corresponding design values. This comparison, together with information
provided by other plant instrumentation and an inspection of safety-related
systems will form the basis for a judgement on the effects of the earthquake.

3.7.5 SEISMIC DESIGN CONTROL MEASURES

E ui ment Purchased Directl b the A licant

The Pacific Gas and Electric Company engineering department is described in
Chapter 17 as are the procedures for specifying technical requirements in
purchase orders and specifications.

The design seismic accelerations developed from the structure seismic system

analysis are included in the purchase order or specification for Design Class I
equipment. The purchase order or specification requires that the manufacturer

, submit seismic calculations for review by the Pacific Gas and Electric Company

responsible engineer. The calculations are approved only when all seismic

design c'riteria are met.

E ui ment Su lied B Westin house Electric Cor oration

The following procedure is implemented for Design Class I mechanical equipment

that falls within one of the many categories which have been analyzed as

described in Section 3.7.2 and has been shown to be rigid relative to the

building.

1. Equivalent static acceleration factors for the horizontal and vertical
directions are included in the equipment specification. The vendor must

certify the adequacy of the equipment to meet the seismic requirements as

described in Section 3.7.2.
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2. When the floor response spectra are developed the cognizant engineer
responsible for the particular component checks to assure that the accel-
exation factors are less than those given in the equipment specification.

All other Design Class I equipment is analyzed or tested as described
in'ections3.7.2 and 3.10.

Design control measures and design documentation for all Design Class I
systems, structures and components are in accordance with formalized quality
assurance procedures. These procedures are presented in Chapter 17 "Quality
Assurance," Section 17.1.
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APPENDIX 3.7A

Diablo Canyon Seismic Reevaluation
for a Ma nitude 7.5 Hos ri Earth uake

Introduction

The information contained in this appendix presents a program of seismic

reevaluation of the Diablo Canyon Design Class I structures, systems and

components for the seismic conditions stipulated in Supplement No. 4 to the

Safety Evaluation Report issued by the U.S. Nuclear Regulatory Commission

on May 11, 1976. Briefly, the program considers a hypoth'etical magnitude

7.5 earthquake'on the Hosgri fault causing an effective peak horizontal free
field ground acceleration at. the plant site of 0.75g and develops

appropriate elastic response spectra for input to the plant structures. The

spectra presented are site specific and account for the filtering effect of
large foundations on the ground motion waves. Where justified, inelastic
behavior using appropriate ductility factors will be used in applying these

curves. Damping values are in accordance with Regulatory Guide 1.61 or as

otherwise accepted by the Nuclear Regulatory Commission for seismic analysis
at the S. S. 'E. level. Torsion and tilting due to the lack'of synchronism

of the ground waves beneath structures are to be accounted for in the

analysis. The sequence of steps in verifying seismic adequacy together with
the acceptance criteria to be adopted, including the use of documented

actual material strengths, are presented. Preliminary results and

conclusions, as known, are given.
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Develo ment of S ectral Res nse

The 0.75g peak acceleration was used as a normalizing value for time

histories of strong motion for selected earthquakes recorded on rock close

to the epicenters, thus providing the best available models for the Diablo

Canyon conditions relative to the Hosgri fault zone. The eight earthquake
Irecords used are as follows.

Earth ake
Epicentral

M ~De th Recorded at Distance
(km) (km)

Peak
C~om onent Acceleration

(g)

Helena 1935
Helena 1935

6 5
6 5

Helena
Helena

3to8
3to8

EW

NS
0.16
0.13

Daly City 1957 5.3 9 Golden Gate
Park

NSOW 0.13

Daly City 1957 5.3 9 Golden Gate
Park

N10E O.ll

Parkfield 1966
Parkfield 1966

5.6 7.0 Temblor 2

5.6 7.0 Temblor 2
S25W
N65W

0.33
0.28

San Fernando 1971
San Fernando 1971

6.6 13 Pacoima Dam
6.6 13 Pacoima Dam

3,
3

S14W
N76W

1.17
1.08

The magnitudes are the greatest recorded thus far close in on rock stations
and range from 5.3 to 6.6. Adjustments were made subsequently in the period

range of the final response spectrum above 0.40 sec. for the greater long

period energy expected in a 7.5M shock as compared to the model magnitudes.

The procedure followed was to develop seven percent damped response spectra

for each of the eight records normalized to 0.75g and then to treat the

results statistically according to period bands to obtain the mean, the

median and the standard deviations of spectral response. At this stage, no

adjustments for the size of the foundation or for ductility were made.

(Figure 3.7A-1 for free field T= 0).

Foundation Size

It is known that a large foundation is subjected to reduced motion from high

frequency waves, as compaied to particle motion or to motion of a small
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foundation ' 'he record of large buildings in major earthquakeS(l. 2i 3. 4)-

has generally been good . Using the same time histories of motion as listed
above, the acceleration was averaged over the time required for the waves to
pass the foundations. New spectra were developeR, statistically treated, and

used as before to obtain curves for analysis. These curves were then smoothed

and adjusted as before for magnitude effects in the long period range.

The parameters employed for the high frequency averaging procedure are as

followss

Effective Len th of FoundationTau =
Shear Velocit

Containment and
Intake Structure

0.04 Sec.

Auxiliary Building

Turbine Building

Minor Structures

0.06 Sec.

0.08 Sec.

0 Sec.

P s

Figure 3-7A-1 provides a comparison of the,7.5M Hosgri elastic spectra at
seven percent damping for the various buildings to the 6.5M Hosgri and DDE

spectra at seven percent and five percent damping, respectively.

Figures 3.7A-2 through 3.7A-13 show curves for the 7.5M Hosgri spectra for
various tau and damping values. The zero period and very high frequency
'portions are rounded to values slightly less than obtained from tau alone
for a flat foundation at the surface, in view of the contiguous foundations
and also a very conservative allowance for embedment and wave scattering

(4)
phenomena ~ On this basis, the curves shown in Figures«3.7A-2 through..
3.7A-13 for damping values from two to seven percent and tau values of 0,
0.04, 0.06, and 0.08 represent elastic response spectra applicable to the
containment and intake structures, auxiliary building, and turbine building
respectively. These are all elastic curves with no reduction for ductility.
Inelastic response, when considered, will be accounted for by appropriately
adjusting the elastic response quantities.
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A lication of Res nse S ectra

In using the response spectra in the process of seismic design re-evaluation,
the analyses may be spectral (by hand or computer) or time history providing
the time history is modified so as to closely duplicate the response spectrum
of interest. In all cases, at least three modes (if there are three or more

modes) and all modes with periods greater than 0.05 seconds, shall be

considered and combined as the square root of the sum of the squares. Modal

and horizontal and vertical component combinations of motion shall be treated
as in the original design. The rock base may be considered as rigid where

allowed under current NRC procedures for sites with shear velocity of 3,500

fps or more.

Torsion a'nd Tiltin
If a foundation is long relative to the length of the ground waves, torsion
about the vertical axis is induced even if the structure is symmetrical (1, 2)

Tilting about a horizontal axis may also occur. For the Diablo Canyon

structures, torsion generally represents a relatively small contribution to
the total seismic load and is typically resisted by shear in the same

structural elements which resist translational seismic loads. Torsion was

specifically considered in the design of the auxiliary building, and the
equipment located therein, to account for the asymmetry of the structure,
thus providing it with inherent torsional resistance. The torsional stresses
induced in the containment shell are low. In general, for all structures,
the torsional response increasep with..height above the bas'e and distance from
the center of mass.

To account for the torsional phenomenon, where significant, an
allowance'or

torsionally induced tangential acceleration at the extremities of a

foundation shall be made in the amount of n V where n is as shown in
Table 1. The factor n varies with the ratio of plan dimensions a and b of
the foundation. An equivalent foundation diameter equal to /ah will be used(6)

for rectangular structures and the actual diameter for circular structures.
Thus<

(July 1976) 3 'A'-6



wherein:

= ng, in g units at base0

G( = The tangential )acceleration at the periphery from torsion
0 (only) at the base, g

/ab dia
, or = —, Sec, as per Table 1

s s

U = Shear velocity of Rocks fps.
s

a and b = Plan dimensions of foundation (a > b) feet

The torque T , applied to the base is:0 I

T = 0.50(, k W ~ab, ft —kip2
0 0 s

wherein: W = The seismic weight of the structure and.equipment, kips

'k = Ratio of radial distance to center of mass (above the
tuse) of an average differential circular sector to fab

2

TABLE 1

Structure a b
(ft) (ft)

lab t
(sec)

n Mo o/sT W

(g) (ft)

Containment

Auxiliary

Turbine Building

Intake

148 (dia)

250 173

742 139

240 104

148(dia)

208
'21

158

0. 04

0.06

0.08

0.04

6 024 178

5 0.30 31.2

4 0 32 51 4

4 0.16 12.6

The tangential acceleration at any point of interest in the structure is
resolved into,vectors (parallel to the translational mode analyses) and the
effects of each vector on stress or stress parameters are determined. The

effects of the torsional vector are then combined with the effects of each

translational mode in the same direction, in turn, on the basis of the square

root of the sum of the squares.

3.7A-7 (July 1976)



Znvestigations thus far, indicate that, for most. of the points in the
structures, the increase in stress due to torsion will be a very small
percentage of the stress due to translational modes. The reasons for this
include some or all of the following factors: Tau is small, the height, above
the base may be small, the radius from the center of mass may be small,
and the horizontal spectral accelerations are generally large compared to
the tangential accelerations due to torsion. Zn any case where the stress
increase due to torsion is significant, torsional analysis shall be

conducted under the assumption that the torque decreases linearly with
height from T at the base to zero at the top. The analysis shall take into0
account the inertial effects and the fundamental natural mode of torsional
vibration.

Where two or more structures are founded on a common base, such as the
containment exterior shell and the interior structure, the torsional input
to the base will be the same for each structure, but the response of the

'tructure shall be varied in accordance with its polar moment of inertia,
equivalent radius, seismic weight, and shear modulus.

Figure 3.7A-l4 is an example showing absolute tangential acceleration in the
containment exterior shell. In view of the fact that the translational
spectral accelerations (which also produce shear in the concrete of the
shell) are several times the tangential accelerations and are operative at
different frequencies, it can be seen that the net effect of torsion in such

a case is a small fraction of the translational stresses.

Tilting from some waves is only possible where the foundations are relatively
deep and even then there is some normally neglected restoring value from the
sides. Other waves can theoretically induce a tilting moment without

l

embedment'. However, the effects in this case are grossly reduced by th''I

competency and stiffness of the rock and the effect of gravity.

'I

Zn view of the above, plus the fact that only high frequency waves can cause

tilting by interaction whereas the translational fundamental modes are

(July l976) 3 'A-8



generally at medium or low frequencies, it is not considered necessary to
review further for this particular phenomenon.

Material Pro erties and Allowable Stresses

Allowable stress under severe earthquake conditions depends upon the actual
properties of the materials in a structure. Although it is well known that
such properties vary over a controlled range of values, and an individual
member or connection must be designed for stresses below the average, in a

whole structure, there is available the spectrum of values, most'or all of
I

which are effective in emergencies. Zt is therefore appropriate to utilize
average actual material properties in analysis for severe seismic events

rather than highly conservative and inappropriate design values intended for
individual members; alternatively, the problem can be treated probabilistically;, (7)

Treatment of Ductilit

Slight excursions beyond the yield point shall be allowed under
certain'onditions

when checking the plant for the effects of a hypothetical 7 5M

'earthquake nearby on the Hosgri fault zone. The yield point for this
purpose shall be determined under the assumption of idealized elasto-plastic
behavior as shown in Figure 3.7A-15. The "effective" yield point, u', shall
be determined so that Area A equals Area 8, and Area D equals the sum of
Areas C and E.

The ductility factor, pt, is defined by:

wherein u and u are the maximum displacement and the displacement at first
m y

yielding, respectively, as determined by the properties of the materials
subject to the following limits:

3.7A-9 (July 1976)



Where Containment is Involved . i+2 Uy

Category I Other Than Containment 1.3. U
y

Equipment and/or Its Supports ~ ~ ~ ~ ~ --. ~ ~ ~ ........ Up to 1.3 u Where
This Value or More Can
Be Documented

The allowable ductility, p, is thus the constant shown in the above table.
The value of p in absorbing energy can be transformed into a reduction of
the spectral demand as follows:

I

wherein:

Sa QSa

S' The Elastic Spectral Acceleration Reduced for Ductility
a

S = The Elastic Spectral Acceleration
a

A Ductility Reduction Factor from Figure 3.7A-16

Non-Category I structures, such as the turbine building superstructure with
its steel frame, shall be checked with story ductility factors up to three.
Local ductility factors in individual steel elements or portions thereof

shall not exceed six. The applicable equations from Figure 3.7A-16 shall
be used to reduce spectral accelerations.

Strain criteria shall, be compatible with the ductility factor used in
determining inelastic response values and the need to assure that the

associated deformation will not affect safety functions of plant systems

and structures.

Anal sis Pro ram and Sco e

The analysis shall consider the following plant areas.

1. Containment
2. Auxiliary Building
3. Turbine Building
4. Intake Structure
5. Outdoor Tanks

(July '1976) 3.7A-10



The program shall be designed to verify adequacy of an item as early in
the analysis path as possible by comparing the Hosgri response to that for
which the structure or component has been, or can be, qualified. Analysis
shall be carried as far as is necessary to verify adequacy or to identify
any necessary modifications to structures or components. Primary attention
in the analysis shall be directed at structures or components important to
safety in the following systems:

1. Reactor Coolant Pressure Boundary

2. Those Necessary to Accomplish and
Maintain Safe-Shutdown

3. Those Necessary for Heat Rejection
to the Ultimate Heat Sink

4. - ECCS

3.7A-11 (July 1976)
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TABLE 3.7-1

CONTAINMENT STRUCTURE

PERIODS OF VIBRATION

Mode No.
Period, T
in sec.

Oe255

0.093

0.088

$ 1

)0 i~

$4~

5

8

9'

'73 1

0 060 >""

0.058

0.057

0. 051

0.051



TABLE 3.7-2

CONTAINMENT STRUCTURE

MAXIMUMABSOLUTE ACCELERATIONS

Structure
Nodal
Point*

Elevation,
Ft. DDE Anal sisDE Anal sis

Maximum Absolute
Acceleration

Exterior
Structure

10

14

17

23

26

34

37

301.64

274.37

258.27

231.00

205.58

181.08

155.83

130.58

109.67

1. 275

1.032

0.907

0.743

0.837

0.911

0.866

0.713

0.492

2.083

1.736

1.567

1.177

1.358

1.369

1.292

1.080

0.793

Interior
Structure

19-22

24

27-30

32

38

140.00

127.00

114.00

110.00

102.00

0. 735

0.597

0.478

0.455

0.384

1. 195

0. 982

0. 773

0. 726

0. 601

Base Slab 47-58 88. 58 0. 291 0.483

*See Figure 3.7-5.



TABLE 3.7-3
CONTAINMENT STRUCTURE

MAXIMUMDISPLACEMENTS

Structure
Nodal
Point*

Elevation,
Ft.

Maximum Displacements,
inches

DDE Anal sisDE Anal sis

Exterior
Structure

10

17

23

26

34

37

301.64

274.37

258.27

231.00

205.58

181.08

155.83

130.58

109.67

0. 666

0.602

0.562
0.'480

0.389

0.314

0.248

0.180

0.115

1.063

0.967

0.911

0.807

0.695

0.587

0.459

0.327

0. 212

Interior
, Structure

19-22

24

27-30

32

38

140.00

127.00

114.00

110.00

102.00

0'. 083

0. 069

„ 0.056

0.053

0.043

0. 139

0. 114

0. 090

0. 084

0. 068

Base Slab 47-58 88. 58 0.030 0. 050

*See Figure 3.7-5.



TABLE 3.7-4

CONTAINMENT STRUCTURE

MAXIMUMSHELL FORCES AND MOMENTS* — DE ANALYSIS

Nodal Elevation,
Point** Ft.

Shell Moments ki -ft/ft
SS TT ST

Shell Forces ki s/ft
SS TT ST

10

17

23

26

34

37

57

301.64

274.37

258.27

231.00

205.58

181.08

155.83

130. 58

109. 67

88. 58

0.21

0.33

1. 76

9.17

5.74

7.58

5.69

4. 31

8. 26

1.-01

0.21 28.99

0.44

0. 91

2.96

l. 63

2.54

1.49

1. 01

2.75

0. 14

0.31

0.50

0. 27

0.19

2.23

2. 94 0. 36

1.26 0.27

2.74 3.84 3.75

14.47 32.07 23. 85

21.04 40.91 32.80

37.68 42.73 48.97

63.59 33.27 66.44

91.25 37.79 79.59

110.72 36.31 91.43

151.69 31.20 108.65

174.13 18.99 122.66

209.79 63.73 127.22

*See Figure 3.7-7.
**See Figure 3.7-5.



TABLE 3.7-5

CONTAINMENT STRUCTURE

MAXIMUM SHELL FORCES AND MOMENTS* — DDE ANALYSIS

Nodal Elevation,
Point** Ft.

Shell Moments ki -ft/ft
SS TT ST

Shell Forces ki s/ft
SS. TT ST

10

14

17

23

26

34

37

57

301.64

274.37

258.27

231.00

205.58

181.08

155.83

130.58

109.67

88.58

0. 36

0. 62

2.71

15.29

8.14

ll.39

8. 27

6.07

15.95

0.37

0. 76

1.46

4.92

1.64

3.96

2. 21

1.36

5.31

1.74 0.23

47.17

4.77

2.63

0.50

0.37

0.45

0.77

0.42

4.30 6.33 6.04

22.00 53.37 39.37

32.58 67.71 54.58

60.01 71.93 83.06

103.39 53.31 110.30

154.79 56.72 132.95

190.50 54.24 162.53

251.35 46.24 195.36

4.18 338.73 110.90 220.62

0.34 282.88 30.75 217.34

*See Figure 3.7-7.
*+See Figure 3.7-5.



TABLE 3.7-6

CONTAINMENT STRUCTURE

MAXIMUMTOTAL SHEARS

Structure
Associated

Nodal Points*

3
Elevation, Maximum Shears ki s x 10

Exterior
Structure

10

14

17

23

26

34

37

57

301.64

274.37

258. 27

231. 00

205.58

181.08

155.83

130.58

109.67

88.58

0.19

5.81

8.49

11. 39

15.00

17.95

20.63

24.53

27.83

29.55

0.66

9.38

13.91

19.55

25.02

29.98

36.66
44.'18

49.42

51.39

Interior
Structure

19 &22
27 &30
49 & 54

140.00

114.00

88.58

8.06

10.27

18.85

13.23

16.87

30.96

Total Base Shear 49, 54 & 57 88. 58 35.05 59.99

*See Figure 3.7-5.



TABLE 3.7-7

CONTAINMENT STRUCTURE

MAXIMUMTOTAL OVERTURNING MOMENTS

.Structure
Associated Elevation,

Nodal Points* Ft.

Maximum Overturnin~
Moment ki -ft x 10

Exterior
Structure

10

17

23

26

34

37

57

301.64

274.37

258.27

231.00

205.58

181.08

155.83

130.58

109.67

88.58

0.00

0.12

0.27

0.61

1.03

1.48

1.79

2;45

2.82

3.39

0.00

0. 18

0. 41

0. 97

1. 67

2.50

3. 08

4.07

4.58

5.48

Interior
Stiucture-

19&22
27 & 30

49 &54
114.00

88.58

0.20

0.76

140.00 , 0.06 0. 10

0. 33

l.24

Total O.T.H. at Base 49, 54 & 57 88. 58 3.48 5.62

*See Figure 3.7-5.



TABLE 3.7-8

AUXILIARYBUILDING

PERIODS OF VIBRATION

N-S Direction E-W Direction

Mode No.
Period, T
in sec.

Period, T
in sec.

0.454
~'.355

%

0. 106 ~~

0.088 -;

0.049 <

0.516 i.
1

0. 105 g ~

0.053 ~

0.035 .

Note: The first five modes of vibration in the N-S

direction and first four modes of vibration in
the E-W direction were considered in the analy-
sis. The high'er modes, not considered in the

analysis, are insignificant because the periods
of vibration corresponding to these modes are in
the rigid category.



TABLE 3.7-9

AUXILIARYBUILDING

MAXIMUMABSOLUTE ACCELERATIONS—DE ANALYSIS

Maximum Absolute Accelerations
N-S Direction E-W Direction

Mass
Point*

Elevation,
Ft.

Horizontal
Acceleration,

Rotational,
Acceleration,

rad/sec

Horizontal
Acceleration,

3

188.00

163.00

140.00

115.00

100.00

85.00

0.69

0. 98

0.58

0.42

0.31

0.27

0.009

0.090

0.079

0.054

0.041

0.022

0.55

1. 20

0. 80

0.54

0.37

0.27

*See Figure 3.7-13



TABLE 3.7-10

AUXILIARYBUILDING

MAXIMUMRELATIVE DISPLACEMENTS —DE ANALYSIS

Maximum Relative Dis lacements

N-S Direction E-M Direction
Mass

Point*
Elevation,

Ft.
Translation,

in.
Rotation,

radians x 10
Translation,'n.

3

4

188.00

163.00

140.00

115.00

100.00

85.00

l. 344

*0. 112

'.061
0. 038

, 0.022

0.014

0.907

2.467

2.213

1.548

.l. 182

0.560

1.378

0.138

0.086

0.052

0.030

0. 014

*See Figure 3.7-13.



TABLE 3.7-11

AUXILIARYBUILDING

MAXIMUMSTORY SHEARS —DE ANALYSIS

Maximum Story Shears,
kips x 103

Membere N-S Direction E-W Direction

5

1

3

4

1.75

10.36

45.35

71.42

49.42

1.39

13. 53

57.59

92.41

48.28

*See 'Pigure 3.7-13



TABLE 3.7-12

AUXILIARYBUILDING

MAXIMUMOVERTURNING MOMENTS—DE ANALYSIS

Member+

Maximum O.T. Moments,
ki -ft x 106

~

'-SDirection E-M Direction

2 (top)
2,(bottom)
3

0. 084

0. 243

'.236
1.370

2.441

3.183

0. 067.

0. 318

0. 323

1. 763

3.149
3.'873

*See Figure 3.7-13



TABLE 3.7-13

AUXILIARYBUILDING

MAXIMUMTORSIONAL MOMENTS DUE TO

EARTH UAKE IN N-S DIRECTION—DE ANALYSIS

Membeee

Maximum Torsional
Moment:s,

5ki -ft x 10

5

1

2

3

4

0.086

0. 869

40. 891

63.017

48.944

*See Figure 3.7-13.
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3.8 DESIGN OF DESIGN CLASS I STRUCTURES

Figure 1.2-2 shows the location of all structures for the Diablo Canyon plant,
Units 1 and 2. The design classification of plant structures is given in
Table 3.2-4, "Classification of Structures, System and Components for Diablo

Canyon, Section I — Structures, Buildings, and Facilities." In that table,
the following Design Class I structures are shown:

Containment Structure

Auxiliary Building

The design of these structures is discussed in this section, the Containment

Structures in Subsection 3.8.2 and the Auxiliary Building in Subsection 3.8.1.

In the Diablo Canyon plant, the Auxiliary Building includes the control room,

which serves both units, and a refueling area for each unit. In addition to

the discussion of the Auxiliary Building, Section 3.8.1 contains a discussion

of the Design Class I foundations for the Condensate Water Storage Tanks, the

Refueling Water Storage Tanks, the Firewater Tank and the Transfer Tank, all of
which are located on reinforced concrete slabs adjacent to the east side of the

Auxiliary Building, and a discussion of the analyses performed on Design Class

II structures which contain Design Class I equipment.

3.8.1 STRUCTURES OTHER THAN CONTAINMENTS

Auxilia Buildin

Descri tion of the Auxiliar Buildin

The Auxiliary Building is located between the Unit 1 and Unit 2 Containment

Structures. It contains the control room which includes consoles for each unit
and a fuel handling area for each unit. In addition, the Auxiliary Building

contains equipment for the Chemical and Volume Control Systems, the Safety

Injection Systems, the Residual Heat Removal Systems, the Component Cooling

Water Systems, the Liquid Radwaste Systems, the Gaseous Radwaste System, and

others.

3. 8-1



The main floor levels in the Auxiliary Building are at elevations 60, 73, 85,

100, 115, and 140. Elevations 60 and 73 are below ground level, which is at
elevation 85 except for the east side of the building where ground level is at
elevation 115.

The general arrangement of equipment in the Auxiliary Building. is shown in
Figures 1.2-4 through 1.2-11, Figures 1.2-21 through 1.2-27, and Figures
1.2-29 and 1.2-30. Generally speaking, one half of the Auxiliary Building is
a mirror image of the other, with each half of the structure containing equip-
ment for one unit. The control room is located at elevation 140. The two

fuel handling areas which contain the spent fuel pools, the fuel handling
cranes, fuel racks, and related equipment are located on the east side of the

Auxiliary Building with the top of the spent fuel pools at elevation 140.

The Auxiliary Building is a reinforced concrete, shear wall- structure except
for the fuel handling area crane support structure which is structural steel.
The shear walls are generally 3 feet thick, with a minimum thickness of 2

feet. Slabs are generally 2 feet thick. The walls of the spent fuel pools
are a minimum of 6 feet thick except for local areas around the fuel transfer
tubes. The foundation slabs under the spent fuel pits have a minimum thick-
ness of 5 feet. The spent fuel pits sides and bottoms are lined with stain-
less steel, 1/4 inch thick on the bottoms and 1/8 inch nominal on the sides.
Representative concrete outlines, reinforcing steel arrangements, and struc-
tural steel details for the Auxiliary Building are shown in Figures 3.8-0A

through 3.8-00.

The 125 ton overhead crane in the fuel handling area shown in Figure 3.8-00,
is equipped with restraints which prevent derailing from motions associated
with an earthquake. The detail of these restraints is shown in Figure 3.8-0N,
Section F and Detail 5.

The only connections between the Auxiliary Building and other structures are
the Fuel Transfer Tube and miscellaneous piping. The Fuel Transfer Tube is
fitted with expansion bellows which allow relative movement between the Auxi-
liary Building, the Containment Structure exterior shell, and the internal
structure of the Containment Structure. The design of the expansion bellows

Amendment 2 3.8-2 (January 1974)



considers the maximum axial and lateral relative deflection that could occur
during the Double Design Earthquake. Piping systems are analyzed for the
maximum relative displacements of the Auxiliary Building and other structures,
and the piping anchor points in the structures are designed to withstand the
resulting forces.

Codes and Standards

The following codes and standards were used in the design, construction,
inspection and testing of the Auxiliary Building..

1. ACI Standard Building Code Requirements for Reinforced Concrete (ACI

318-63), except that design loading 'combinations were as described in
this Subsection 3.8.1.

2. Manual of Standard Practice for Detailing Reinforced Concrete Structures
(ACI 315"65) ~

3. Recommended Practice for Evaluation of Compression Test Results of
Field Concrete (ACI 214-65).

4. Inspection of the Cadweld Rebar Splice (Erico Products, Inc., RB-5M768).

5. Recommended Practices for Welding Reinforcing Steel, Metal Inserts and

Connections in Reinforced Concrete Construction, American Welding Society
AWS D12.1-61.

6. AISC Specification for the Design, Fabrication, and Erection of Structural
Steel for Buildings, Sixth Edition.

7. Code for Welding in Building Construction, AWS D1.0-69. Work performed

prior to December 12, 1969 is in accordance with the earlier edition
AWS Dl.0-66.

I

8. Stud welding is in accordance with the Supplement to American Welding.

Society Specifications AWS D1.0-66 and AWS D2.0-66 on Requirements for
Stud Welding.

9. Materials and the quality control tests for materials conform to ASTM

standards.
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Regulatory Guide 1.15, Testing of Reinforcing Bars for Category I Concrete

Structures (dated December 28, 1972) and Regulatory Guide 1.55, Concrete Place--

- ment in Category I Structures (dated June 1973) were issued after construction

at the Diablo Canyon plant was nearly complete. A comparison of the program

used for the Diablo Canyon plant with the Regulatory Position of Regulatory

Guide 1.15 is presented in Table 3.8-1. The quality assurance program for the

Diablo Canyon plant meets the requirements of Regulatory Guide 1.55. In regard

to Regulatory Guide 1.55, the references used for guidance are those listed in
Appendix A as they existed at the time of the PSAR.

Desi n Loads

The following loads are considered in the design of the Auxiliary Building:

Dead Loads

These consist of the weight of concrete, reinforcing steel, structural
steel, and permanent equipment loads. Equipment loads are supplied by the

manufacturer.

Live Loads

These consist of temporary equipment loads and a uniform load to account for
the miscellaneous temporary loadings that may be placed on the structure.

Earthquake Loads

Earthquake loads are based on a time history modal superposition analysis
of the Auxiliary Building by John A. Blume 6 Associates, Engineers. This

analysis is described in Subsection 3.7.2.

Wind Loads

Wind loads are determined in accordance with the criteria presented in
Section 3.3. However, the forces due to wind are much less than those due

to earthquake; consequently, seismic loads, rather than wind, are entered

in the load combination equations.

Amendment 8 3.8-4 (Miy 1974)



Thermal Loads

Thermal loads are loads induced by local increases in temperature. Thermal

loads result from normal operating condit'ons and from postulated accident
conditions.

Pipe Reaction Loads

Pipe reactions which result from hydraulic forces, thermal expansion, and

seismic events, are transferred to the structure through pipe supports. Pipe

reaction loads result from normal operating conditions and postulated accident
conditions.

Jet and Missile Loads

These are localized forces on structures in the immediate vicinity of a

postulated pipe break. Jet forces result from the impingement of high energy

fluid on a structure. Missile forces result when a part possessing kinetic
energy strikes a structure.

Loadin Combinations

Normal Conditions

Dead load, live load, loads from the Design Earthquake, thermal loads, and

pipe reactions are considered in all possible combinations. Inasmuch as

working stress design is used for normal operating loads, the factored load

approach is not used. For each structural member, the combination of these

loads that produces the maximum stress is used for design. Stated in
equation form:
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C =D+L+DE+T +R
0 0

Where C = Required load capacity of section.

D = Dead load of structure and equipment loads.

L = Live load.

DE = loads resulting from the Design Earthquake.

T = Thermal loads during normal operating conditions.
0 4

R = Pipe reactions during normal operating conditions.
0 4*I

Abnormal Conditions

Dead load, live load, Double Design Earthquake loads, and loads associated

with accidental pipe rupture are considered in the following combinations.

For each structural member, the combination that produces the maximum stress

is used for design.

Concrete Structural Elements

~ ~

U = D + L + T + R + 1.5 PA

U D + L + TA + R + 1.25 P + 1.0(Y + Y + Y ) + 1 ~ 25 DE

U=D+L+T +R +1 OP +10(Y +Y +Y) +DDE

Where TA =

R

'A =

R

YJ

k

Thermal loads on structure generated by a postulated pipe break
'4 * l(

including T .
0 l 4 ~

'ipereactions on- structure. from unbroken pipe generated by a
4 4

postulated pipe break conditions including R .
0

Pressure load within or across a compartment and/or building
generated by a postulated pipe break and including an appropriate

dynamic factor (DLF) to account for the dynamic nature of the load.

Reaction on structure from bioken pipe generated by a postulated

pipe break, including an appropriate DLF.

Jet load on structure generated by a postulated pipe break,

including an appropriate DLF.
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Y = Missile impact load on a structure generated by or during a

postulated pipe break, such as a whipping pipe, including an

appropriate DLF.

U = Strength required to resist design loads based on the methods

described in ACI 318-63.

DDE = Loads resulting from the Double Design Earthquake.

Steel Structural Elements

Where elastic working stress design methods are used:

1.6S«=D+L+T*+R +P
A A A

1.6 S>'" = D + L + TA~ + RA +
A

+ 1.0(YJ + YR + YM + DE

1.6 S~ = D + L + TA + RA +
A

+ 1.0(YJ + YR + YM + DDE

Where plastic design methods are used:

.90 Y ~ = D + L + TA + RA + 1.5 PA

.90 Y~ = D + L + TA+ + R + 1.25 P + 1.0(YJ + YR + YM) + 1.25 DE
A

'

.90 Y'~ = D + L + TA~ + RA + 1.0 PA + 1.0(YJ + YR + YM) + DDE

Where S = required section strength based on elastic design'ethods and the

allowable stresses defined in Part 1 of the AISC "Specifications
for the Fabrication and Erection of Structural Steel for
Buildings," February 12, 1969.

Y = required section strength based on plastic design methods

described in Part 2 of AISC "Specification for the Design,

Fabrication and Erection of Structural Steel for Buildings,"
February 12, 1969.

Thermal loads are neglected when it can be shown that they are
secondary and self-limiting in nature and where the material is
ductile.
For existing structures, the 1.6 factor applied to the required
section strength S and the 0.90 reduction factor applied to the
required section strength Y, are increased to 1.7 and 1.0
respectively. On such situations, however, it is verified that
deflections will not result in the loss of function of any
safety-related system.
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P

Concrete or Steel Structural Elements

Both cases of L having its full value present during the postulated pipe

rupture or being completely. absent are checked.
J

Desi and Anal sis Procedures

Structural analysis of the Auxiliary Building is performed by the traditional
methods of engineering analysis for structural steel and reinforced concrete

structures. These methods are based on the principles of equilibrium, compat-

ability of deformations, and predictions of material strength by the methods

of the AISC "Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings" (AISC Code) and the "ACI Standard Building
Code Requirements for Reinforced Concrete" (ACI Code).

For the Auxiliary Building, lateral loads from seismic exceed those from wind.

Thus lateral loads are determined from the time history, modal superposition

analysis described in Section 3.7.

The specific design methods used for the structural steel and concrete parts
of, the Auxiliary Building are as follows:

Structural Steel

The refueling crane support structure consists of roof trusses in the East-

West direction supported on structural steel columns. The columns are

connected to the trusses with moment-resistant connections and are pinned at
the base. The overhead refueling crane is supported on the same columns as

the roof trusses. The bents formed by the roof trusses and columns are braced

in the North-South direction by structural steel members.

The analysis of the structural steel crane support structure was performed

using the STRUDL program for space frame analysis. Member sizes and connection

design is determined in accordance with the AISC code.
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Concrete

Reinforced concrete slabs are supported on shear walls or, in 'some locations,
on columns. For vertical loads, the slabs are designed as two way slabs
except when the ratio of length-to-width is such that the slab action is
one way. All slab design is in accordance with the methods presented in the
ACI Code.

The seismic forces from the time history, modal superposition analysis are

distributed to individual structural members using the methods outlined in
References 1 and 2.

Missile Forces, Jet Forces, and Pipe Reactions

Missile forces are calculated by the methods described in Section 3.5. Jet
I'orces and pipe reactions from a postulated broken pipe are calculated as

described in Section 3.6.

Computer Programs

The following computer programs were utilized for structural analysis of the
k

Auxiliary Building:

l. The DYBOX 2 program was developed to calculate structural properties of a

shearwall structure based on the methods of Reference 1. The program was

used to calculate the following properties of the Auxiliary Building at
each floor level: weight of structure and equipment, mass moment of
inertia, torsional rigidity, areas and moments of inertia in two orthogonal

directions, coordinates of the center of mass and the center of rigidity,
and the total rigidity in each direction.

(February 1974)
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2. The SHEARWALL 4 program was developed to calculate the indivi.dual member

forces from the output of the time history, modal superposition analysis.

The program is based on the methods of References 1 and 2 and the ACI code

and was used to calculate shear forces, overturning stresses, and area of

reinforcing steel „required for each shear wall.

3. The STRUDL program of the Massachusetts Institute of Technology Integrated

Civil Engineering System (ICES) was used to analyze the fuel handling area

crane support structure.

4. Dynamic analysis programs described in Section 3.7 were used for the time

history, modal superposition analysis of the Auxiliary Building.

Verification of these computer programs was accomplished as follows:

1. Test problems were performed for the DYBOX 2 program and the SHEARWALL 4

program. For each test problem, the calculations were performed both by

hand and by use of the computer program. The test problems were selected

so that they are representative of the actual calculations performed for
the Auxiliary Building. The test problem. for DYBOX 2 is shown in Figure 3.8-0Q,

and a comparison of the results is shown in Table 3.8-7. The test problem
F

for SHEARWALL 4 is shown in Figure 3.8-0R, and a comparison of the results
is shown in Table 3.8-8.
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Descri tion*

Power Circuit Breakers

Power Switchgear A'ssemb'lies

Industrial Control Equipment

Switchgear Assemblies
including metal-enclosed buses .

Electrical Indicating Instruments

Instrument Transformers

DC and AC Fractional Hp Motors

AC Power Circuit Breaker

Power. Circuit Breaker Control
Relays and Relay Systems Associated,

with Electric Power Apparatus

Std. No.

NEMA SG-4

NEMA SG-5

NEMA ICS

USA C37. 20

USA C39.1

USA C57.13

USA,C50

USA C37.4

USA C37.11

ANSI C37'.90

The manufacturer has made design and production tests on this switchgear

according to ANSI Standards C37.09 and C37.09a, Test Procedures for AC High

Voltage Circuit Breakers. These standards provide the test plans, set up,
I'rocedures, and acceptability requirements. Test results for this standard

production equipment are kept by the manufacturer.

The design tests were made to determine the adequacy'f the design of the
'5 ~

particular type, model, and size of circuit breaker to meet its assigned

ratings at the time this model was developed. Applicable portions of these

design tests as well as test data of previous similar equipment may have

been used to evaluate current designs.

The maximum design hot spot temperature rise above ambient allowed in this
equipment while carrying rated current is 65 C. With a 40 C ambient, the0 0

0 *

maximum allowable design hot spot temperature is therefore 105 C. This is
the temperature which could be tolerated continuously for normal life by

material of the lowest temperature classification used in this switchgear,
such as Class A insulation. A long experience record of'atisfactory
performance for this equipment is evidence of the conservatism of this
design limit.

47
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Additional conservatism results from the following considerations:

0
(1) The ambient temperature does not stay continuously at 40 C. (See page 3.11-4).

(2) The equipment is not loaded continuously to its rated value. The maximum

current rating of the 4,l60 volt safety related switchgear (Boards 1P, 1G,

and 1H) is 1,200 amps; yet the largest motor draws less than 100'amps when "

operating at rated load, and the total load on any bus section is always

less than 500 amps.

(3) The steady-state temperature rise of the hottest spot on this equipment

during test at rated load was 46 C above an ambient temperature of 22 C.
sI

This rise is 19 C below the allowable value.

Production tests also were made on the actual equipment delivered to check the

quality and uniformity of the workmanship and materials used. The tests and

inspection described below are part of the manufacturer's regular manufacturing

procedure.

Tests are made to check the wiring for continuity and to assure that it con-

forms to the wiring diagrams. A master breaker fixture is used to assure

interchangeability of circuit breakers and to check primary and secondary con-

tact alignment. Instruments, relays, and contactors are tested to assure

proper operation and function, and compliance with the equipment specification.

Resistance measurements were made of the breaker's operating coils to assure
C

conformance with design specifications. No-load operation tests were made,

including checks of breaker timing at maximum, normal, and minimum control

voltage ratings.

In addition to the manufacturer's tests, the equipment has been given thorough
I

tests in the field before operation. Included are high potential and insula'-

tion resistance tests and a complete check of the operation of the equipment.
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2. Electric Motors - All„,Class lE qlectric motors for the balance of plant
0are located outside the containment where tPe ambient does not exceed 40 C,

except as, noted on. Page 9.A-.l> and,the radiation is low.

These motors have Peen designed,,manufactured,- and tested as required by NEMA.

The motor manufacturer performed tests as described in NEHA Standard MG-l,

Parts 12 and 20, and according to procedures described in IEEE Standard

No. 101 and .112A to verify the, design, construction and performance of .the
motor.

Included in these tests are:

a. No load current and speed at rated power frequency and voltage.

b. Current input at rated frequency with motor at standstill.

c. A high potential test applied to the, winding for one minute with an

a.c. voltage of twice rated plus 1000 volts. This test is performed

after all other tests.

d. A dynamic balance of the rotating parts.

In addition, each motor is performance tested coupled to its load by the

supplier of the driven equipment to verify performance of the combination.

These tests are performed in accordance with the Hydraulic Institute
Standards. The overall efficiency at the design point flow of each motor-pump

unit is determined to verify that it is greater than the product of the motor

efficiency (at the design point brake horsepower) and the pump efficiency at
the design point flow.

The motors are also given thorough tests after they are installed in the
plant. These include high potential tests, dynamic balance tests of motor and

driven load, and tests to determine the starting currents and times and the

full load current of the motor.
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1

The following analysis of environmental capability of the auxiliary saltwater
pumps is presented as an example to illustrate the margins available. The

400 horsepower, 4,000 volt motors for these pumps have Class B insulation,
which has a maximum continuous total, temperature rating of 130 C. In the case

0

of a motor, NEMA Standard MG-1 allows a temperature rise of 80 C (measured by
0

resistance) above an ambient of 40 C, for a total temperature of 120 C. Above
0 0

0this temperature, another 10 C rise is allowed for the hottest spot, for a

total overall temperature limit of 130 C — the rating of the material.0

Actual tests on these motors at rated load show a steady-state temperature
0rise by resistance between 50 and 52 C for 6 to 7 hours, with the test ambient

0 0temperature of 27 C. With an ambient air temperature of 40 C, the total motor
0winding temperature would be 40 + 52 ~ 92 C maximum. Even if the ambient air

temperature were 50 C (122 F), the total temperature of 102 C would still be
0 0 0

well below the allowable 120 C.

This analysis, along with the one given on page 3.11-4, show that these motors
I

will operate within their environmental capabilities.
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3. Motor 'Control'Centers - The Class 3E motor control centers are 480 volt,
3 phase, and are located in a section of the Auxiliary Building where the

environment is clean, dry; ventilated, and free of radiation. The ambient air
0

temperature near this equipment does not exceed 40 C, except as noted on

page 9.4-1.

This equipment has been designed, manufactured, and tested to NEHA standard,

ICS-1970, Industrial Controls and Systems, and also tested according to IEEE

Standard No. 74, Test Code for Industrial Control. Both of these standards

contain test plans, set up, procedures, and acceptability requirements.

Included are tests for temperature;.dielectric strength, durability, operating

performance, and short circuit capability. Additional standards with test
codes are applied for the critical components.

4. 'Electrical'Cable — Insulated electrical conductors were qualified by tests

made by manufacturer to the requirements of PG&E specification and the
I,

standards of IPCEA and AEIC.

A typical example of design specification and test requirements for electrical
cable condensed from PG&E purchase specifications follows:
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ETHYLENE-PROPYLENE INSULATED LOW VOLTAGE POWER CABLE

(TYPICAL SPECIFICATION)

1. Desi n S ecification Re uirements

A. General

1. Cables comply with AEIC Specifications, applicable requirements of
C

IPCEA-NEMA Standards publications.

02. Cables shall be rated 90 C continuous conductor temperature.

B. Conductors

l. Conductor metal shall be copper with class B conductor stranding.
Conductor shall be tin or alloy coated and shall be in accordance

with ASTM B3.

C. Insulation

l. Insulation to be of high quality, high dielectric strength,
ethylene-propylene insulation compound, flame retardant, resistant
to heat, moisture, ozone, and corona and suitable for operation in
wet and dry locations at a maximum conductor temperature of 90 C

0

0for normal operation, 130 C for emergency overload conditions, and

250 C for short-circuit conditions. As a minimum, the insulation0

shall meet the requirements specified in Table I below.

2.'nsulation minimum average insulation thickness shall be equal to
or greater than that specified in Table II. The minimum thickness
at any point shall not be less than 90 percent of the minimum

average thickness.
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2. The STRUDL program is a recognized program in the public domain, and has

had sufficient history of use to justify its applicability and validity
without further demonstration. The dated program version, the software

or operating system, and the computer hardware configuration are as follows:

Massachusetts Institute of Technology

Integrated Civil Engineering System

STRUDL II, Version l, Modification l
IBM 360/85, OS release 20.6

(February 1974)
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Structural Acce tance Criteria

Normal Loads

t

For normal loads the Auxiliary Building is designed for the allowable stresses

of ACI 318-63 and the AISC specification for the Design, Fabrication, and Erec-

tion of Structural Steel for Buildings except that the increase in allowable

stress usually allowed for load combinations involving earthquake forces is
not used.

Abnormal Loads

For abnormal loads the Auxiliary Building is designed for overall elastic
behavior. The capacity of the various structural elements is based on the

yield strength of the material, reduced by a factor, g, which provides for the

possibility'hat small, adverse variations in material strengths, workmanship,

dimensions and control, while individually within required tolerances and the

limits of good practice, occasionally may be additive.

The 9 factors used are:

Reinforced concrete 9 factors in accordance with ACI 318-63

Structural steel 9 = 1.00

For load combinations involving YR, YJ, and Y>, local stresses due to those

concentrated loads may exceed the allowables provided there 'is no loss of
function.

Factors of Safety

The factors of safety for the structural elements of the Auxiliary Building
are at least as great as indicated by the load factors given in this
Subsection 3.8.1 under the heading "Loading Combinations." The calculated
stresses for the Auxiliary Building are given in Table 3.8-4. In most cases,

these stresses are less than the allowable value indicated in the table and
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the actual factor of safety is therefore greater than indicated by the load

factor equation.

1

The gap between the Auxiliary Building and the Containment Structure is
5 inches. As discussed in Subsection 3.8.2, this provides a factor of safety

of 2.38 against the structure impacting during a Double Design Earthquake.

The gap between the Auxiliary Building and the Turbine Building is 8 inches.

As discussed in Section 3.7, the Turbine Building, although Design Class II,
has been analyzed dynamically for the j)ouble Design Earthquake. The maximum

relative displacement between the Auxiliary Building and the Turbine Building
is 1.38 inches, thus providing a Factor of Safety of 8.0/1.38 = 5.84 against

impact of the structures during a Double Design Earthquake.

Materials and ualit Control

The Concrete and Reinforcin Steel sections of Materials and ualit Control

for„the Containment Structure also apply to the Auxiliary Building except as

superseded by information in the following paragraphs.

Concrete

The concrete strengths used in the Auxiliary Building are:

Above elevation 85 and all columns

Other

5,000 psi
3,000 psi

The average strengths and coefficients of variation of representative mixes

as of December 14, 1972 are:

Design
~Stren th

Average 28 Day Coefficient of
Variation

Number of
Tests

3,000 psi
5,000 psi

3,960 psi
5,710 psi

9. 1%

7.5%

103

166
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These coefficients of variation represent "excellent control," as defined in
Table 2 of ACI 214-65.

Reinforcing Steel

Reinforcing steel is ASTM A 615, Grade 40 except in some columns Grade 60 is
usedo

The average and minimum properties of representative bar sizes, as of
December 12, 1972, are as follows:

Grade 40 Grade 60 Grade 40 Grade 60

Average Yield Strength, psi
Minimum Yield Strength, psi

49,655

41,200

66,189

60,250

48,302

42,950

68,582

61,710

Average Tensile Strength, psi
Minimum Tensile Strength, psi

82,236

74,392

102,403

96,500

81,074

72,940

105,822

94,390

Average Elongation, %

Minimum Elongation, %

18. 9

13.0

13.94

11.00

14.82

8.5
14.41

9.4

Total Number of Heats 67 91 56

Splices

The majority of splices in the Auxiliory Building are lap splices made in
accordance with ACI 318-63.

Cadweld splices are used in some locations in the Auxiliary Building. The

quality control procedures described for Cadweld splices in the Containment

Structure also apply to Cadweld splices in the Auxiliary Building.

Butt welded splices are used where a section of wall has to be temporarily
left open for access, and in certain other locations. Butt welded splices
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are made in accordance with ACI 318-63 and the American Welding Society's
Recommended Practices for Welding Reinforcing Steel, Metal Inserts and Con-

nections in Reinforced Concrete Construction using the "short-arc" process or
low hydrogen stick electrodes by the shielded arc process. Both processes

0have minimum preheat and interpass temperatures of 400 F.

Completed welds are wrapped with a protective blanket of insulating material
to avoid rapid cooling.

Procedure qualification and welder qualification are as follows:

l. A welding procedure qualification test is made for each position and for
each grade and size of bar. The test consists of two tension tests and

one nick break test. Bars may not be rolled during welding.

2. Welder qualification tests are made for each position, type of electrode,
grade and size of bar, and joint design. Qualification for one size of
bar is considered qualification for all smaller sizes. Each test consists
of one tension and one nick break test. Bars may not be rolled during
welding.

3. Tension specimens are tested to failure and must comply with the minimum

tensile requirement for the grade of reinforcing steel.

4. The nick break specimen is broken and visually examined for soundness.

The specimen must exhibit the following: The sum of the longest dimension

of all inclusions visible in any one joint must not exceed < inch; no

inclusion may be closer to the weld surface than a distance equal to the

largest dimension of the inclusion; there must be no incomplete fusion or
lack of penetration or cracks in the weld or bare metal.

Testing percentages applicable to butt-welded splices for each welder,

position, and grade of bar are as follows: HI
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Two out of the first ten splices.
Six out of the next 90 splices.
Four out of second and subsequent 100 splice units.

Qualification for one size of bar is considered as qualification for all smaller

sizes'tructural
Steel

Grade 42. Charpy impact tests were performed on all structural steel at therfollowing temperatures:

t
1. Framing for pipe rupture restraints
2. Structural s'teel embedded in concrete

3. Structural steel exposed to atmosphere, other than described

40 F

20 F

0 F

in item 1.

Structural steel is ASTM A 36; ASTM A 441; ASTM A 516, Grade 70; or ASTM A 572,

Foundations For Desi n Class I Tanks

The following Design Class I tanks are located adjacent to the east side of
the Auxiliary Building on reinforced concrete foundation slabs:

'ondensate Water Storage Tank (one for each unit)
Refueling Water Storage Tank (one for each unit)
Firewater Tank (one for both units)
Transfer Tank (one for both units)

The design of these tanks above the foundation slab is discussed in Section

3.9. The foundation slab design is discussed in this section as follows:
1

Descri tion of the Foundation Slabs

Each of the Condensate Water Storage Tanks and Refueling Water Storage Tanks

has a separate, circular fo'undation slab. The Firewater Tank and the Transfer
Tank, which serve both units, are concentric tanks on a common circular
foundation slab. Each of the foundation slabs is as shown in Figure 3.8-0P

and consists of a 1'-0" thick reinforced concrete slab with an integral edge

beam. Each of the tanks, except for the Firewater Tank, is anchored to its

Amendment 3

3.8-14
(February 1974)



foundation with 63 anchor bolts which are ASSAM A 193, Grade B7. The bolt
diameters are 1 1/4 inch for the Condensate N'ater Storage Tanks and the
Transfer Tank and 1 3/8 inch for the Refueling 8'ater Storage Tanks. The

wall of the Firewater Tank is welded to an insert plate in the foundation.
The tank foundation slabs rest on engineered fillwhich varies in depth
from ten to twenty feet. The engineered fillis placed in horizontal layers
of 8 inch maximum depth and compacted to 95% of maximum density.

Codes and Standards

The foundation slabs for the Design Class I tanks listed are designed and

constructed in accordance with the ACI Standard Building Code Requirements

for Reinforced Concrete {ACI 318-63).

Loads and Loadin Combinations

The foundation slabs are designed for dead load, including weight of .the
water, and Double Design Earthquake. The load combination used is

C = D + DDE

where C = total load on foundation
D = dead load of tank including weight of water

DDE = load resulting from the Double Design Earthquake.

Desi n"and Anal sis Procedures

The size of the foundation slabs is selected so that the soil bearing
pressure determined from an analysis based on equilibrium considerations, is
limited to a safe value.

The anchor bolts attaching the tank to the slab are designed to develop the
yield strength of the bolts.
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Structural Acce tance Criteria

Stresses in the reinforced concrete slabs are limited to the allowable values

in ACI 318-63.

Materials and ualit Control

The quality control measures discussed in the Concrete and Reinforcin Steel
sections of Materials and alit Control for the Containment Structure also

apply to the Design Class I tank foundations.

Material strengths for the Design Class I tank foundations are:

Concrete

Concrete strength is 3,000 psi.

Reinforcing Steel

Reinforcing steel is ASTM A 615, Grade 40.

Anchor Bolts

Anchor bolts are in accordance with ASTM A 193, Grade B7.

Desi Class II Structures Containin Desi n Class E ui ent

The Turbine Building and the Intake Structure are Design Cl'ass II structures
that contain Design Class I equipment. The Turbine Building contains the
Component Cooling Heat Exchangers, the Emergency Diesel Generators and the
4.16 kv vital switchgear. The Intake Structure contains the Auxiliary Salt
Water Pumps and conduits. In order to assure that the Design Class I
equipment would not be affected by failure of the Design Class II structures,
both the Turbine Building and the Intake Structure are analyzed for the
Double Design Earthquake using dynamic analysis methods. These analyses are
discussed in Section 3 .7.
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3.8.2 CONTAINMENT STRUCTURE

Descri tion of the Containment

The reactor containment for each unit is a cylindrical; reinforced concrete
g

structure that completely encloses the reactor and Reactor Coolant System. It
assures that essentially no leakage of radioactive materials to the environment

would result even if gross failure of the Reactor Coolant System were to occur

simultaneously with an earthquake of an intensity twice the maximum postulated.

The Containment Structures for Units 1 and 2 are essentially identical, except
for orientation. The following discussion applies to either unit.

The concrete outline and equipment locations are shown in Chapter 1. The

exterior shell consists of a 142 foot high cylinder, topped with a hemispher-

ical dome. The cylinder wall is 3 feet, 8 inches thick, and the dome'is

2 feet, 6 inches thick. Both have an inside diameter of 140 feet. The base

is a circular slab 153 feet in diameter and 14 feet 6 inches thick, with the
reactor cavity near the center. The inside of the dome, cylinder, and base

slab is lined with welded steel plate which forms a leaktight membrane. The

liner is 3/8-inch thick on the wall and dome and 1/4-inch thick on the base

slab.

The internal concrete structure approximates a 106 foot diameter, 51 foot high
cylinder, with a slab on top. However, there, are multiple openings and walls,
such as the reactor support and the stainless steel lined refueling canal,
which complicate the shape. The walls and top slab are generally 3 feet
thick. This structure provides support for the reactor and components of the

Reactor Coolant System, provides radiation shielding, and provides protection
for the liner from postulated missiles originating in the Reactor Coolant System.

A polar crane is mounted on top of the internal concrete cylinder wall. The

support of the polar crane, its connection to the concrete, and provisions to

resist seismic forces are shown in Figure 3.8-15I and described in Subsection

9.1.4.
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The piping and electrical connections between equipment inside the Containment--

Structure and other parts of the plant are made through specially designed,

leaktight penetrations. In addition to the piping'and electrical penetra-

tions, other penetrations are the 18-foot 6-inch diameter equipment hatch, the
I

9-foot 7-inch diameter personnel hatch, the 5-,foot 6-inch diameter emergency

personnel hatch, and the fuel transfer tube.

The 6-foot 7-inch by 13-foot ventilation duct is attached to the outside of

the structure, extending from an elevation 25 feet above the base slab to the

top of the dome. The duct 'is fabricated from steel plate with stiffeners.

A system of lightning rods is installed on the dome to protect against

lightning damage.

The plant is located on rock which is described as "a stratified sequence of

fine- to very-fine-grained sandstone which is deeply weathered to a depth of

15 feet." This rock is of sufficient strength to carry all foundation loads

imposed by plant structures as described in Section 2.5.

The following paragraphs describe the various parts of the structure.

Exterior Shell

Reinforcing Steel

The reinforcing steel arrangement is designed to provide continuous reinforce-

ment for tensile and shear membrane forces in the cylinder and dome. The

reinforcing in the cylinder wall consists of hoop bars, which are horizontal,
and inclined bars, which are oriented 30 from the vertical. In Figure 3.8-1,0

layers (4) and (6) are the No. 18 hoop bars, spaced. at inches center-to-

center vertically, and layers (3) and (5) are the inclined No. 18 bars spaced

at inches center-to-center, measured normal to the bars.
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The dome reinforcing is accomplished by extending the inclined bars past the

springline and over the dome. After crossing the dome, the same bar once

again becomes an inclined bar in the cylinder. A layer (3) bar becomes a

layer (5) bar after crossing the dome, as shown in Figure 3 .8-2. No inclined
bars are terminated at the springline or in the dome.

The dome steel layout is based on the division of a sphere into 20 equilateral
spherical triangles as shown in Figure 3.8-3. At the springline, two sides of
the triangles make an angle of 30 degrees with the vertical. Thus, an

inclined. cylinder bar is para1lel to the sides of the triangles at the spring-
line. The inclined cylinder bars are extended into the dome so that they are

always parallel to one side of a spherical triangle. Figure 3 .8-4 shows the

five types of bars in the dome. Mhen these five types are superimposed, there
are three layers of reinforcing steel at every point above the pentagon ABCDE

in Figure 3 .8-3. Below pentagon ABCDE, the inclined bars make up two layers
at every'point, and bars similar to the cylinder hoop bars are used to provide
reinforcing in the third direction.

Layers (1) and (2) .(Figure 3.8-1) are inclined at 30 degrees to the vertical
and extend from the base slab to elevation 172. These bars, which are spaced.

at 17 inches center-to-center, provide additional capacity for earthquake

forces. Above elevation 170, No. 4 bars are spaced at 12 inches center-to-
center horizontally and vertically.

Splices

All No. 18 bars are spliced by Cadwelding.

The Cadweld process employs a steel sleeve with grooves on the inside. The

sleeve is placed over the ends of the bars to be spliced, and the, space

between the bars and the sleeve is filled with molten metal alloy. The force
in the reinforcing bar is transferred to the Cadweld sleeve by shear in the

metal alloy. Past experience, testing, and evaluation have shown that the use

of the Cadweld process results in consistent, acceptable splices which have

ductility very similar to that of the reinforcing steel.
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All Cadweld splices in the No. 18 bars are made with "T-Series" sleeves which

are designed to develop the full tensile strength of the bar.

As a general rule, splices are staggered a minimum of 3'-0". In a very few

instances, staggering of splices is reduced because of 1ocal conditions.

Liner

All seams are full penetration butt-welded, and are covered with welded

steel channels on the inside of the structure. These "leak chase" channels

are designed to provide a sensitive and accurate means of detecting leakage.

They are arranged in zones so that one zone at a time can be pressurized to
'est the leaktight integrity of the liner plate welds. These leak chase

-zones can be retested at any time in the future.

The liner in the dome and cylinder waU. is anchored by welded studs which

extend into the concrete wall past the innermost layers of reinforcing steel.
Three types of studs are used: "L" shaped, 3/8-inch diameter, with an 8<-inch

shaft and a 4-inch arm; threaded, 3/8-inch diameter with an 8<-inch shaft; and

threaded,'1/2-inch diameter with an ll-inch shaft. All threaded studs are
provided with an anchorage, and provide resistance to pullout that is equal to
or better than the 3/8-inch stud with a 4-inch arm. The studs are spaced a

maximum of 19.6 inches on center (plus a placement tolerance of 1/2 inch) in
a pattern that is compatible with the reinforcing steel. See Figure 3 .8-5.

Penetrations

'

In general, a penetration consists of a sleeve embedded in the concrete wall
'and welded to the'Containment Structure liner. The pipe, electrical conductor

cartridge, duct, 'or access hatch passes through the embedded sleeve and one or
both ends of the resulting annulus are closed off by welded end plates, bolted
flanges, or flued heads. 'Typical electrical and piping penetrations are shown

in Figures 3.8-6 through 3.8-10 and the fuel transfer tube penetration is
shown in Figure 3.8-11. The penetrations are designed to maintain the same

high degree of leaktight integrity afforded by the. Containment Structure
itself .
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Electrical Penetrations

"Cartridge" type penetrations are used for all electrical conductors passing
through the containment boundary. Cast epoxy-to-metal seals are used to pro-
vide a double pressure barrier for each conductor as shown in Figures 3.8-8
and 3 .8-9. The penetrations are provided with a connection to allow periodic
testing of the volume between the end plates, and the weld connecting the
sleeve to the liner plate has a leak chase channel. There are a total of
45 electrical penetrations, some of which have more than one conductor.

Piping Penetrations

Piping penetrations are provided for all piping passing through the contain-
ment boundary. Typical piping penetrations are shown in Figuxes 3.8-6 and

3.8-7. Severa1 small pipes may pass through a single embedded sleeve to min-
imize the number of penetrations required. Helded end plates or flued heads

are used to provide end closure. The welded joints are covered with a leak
chase channel to allow periodic testing. The weld connecting the sleeve to
the liner plate also has a leak chase channel.

Pipes carrying hot fluids through penetrations are designed to maintain the
0temperature of the concrete adjacent to the sleeve below 200 F under normal

operating conditions.

Pipes and penetrations are anchored as required to resist the forces and move-

ments incident at the penetration under normal and accident conditions and to
limit the loads imposed on the Containment Structure liner. Piping loads are

'ransferred to the penetration sleeve and thence to anchors in the concrete
wall- rather than to the Containment Structure liner.

Equipment and Personnel Access Hatches

The equipment hatch is furnished with a double-gasketed flange and bolted
dished door. Equipnent up to a diameter of approximately 18 feet can be

transferred into'nd out of the Containment Structure thro'ugh this hatch.
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The hatch barrel is embedded in the Containment Structure wall and welded to

the liner. Provision is made for pressurizing the space between the double

gaskets of the door flanges and the weld seam channels at the sleeve-to-liner
joint.'he two personnel hatches are double door, hydraulically-latched,
welded steel assemblies. A quick-acting type equalizing valve connects each

personnel hatch. with the interior of the containment vessel for'the purpose

of equalizing pressure in the two systems when entering or leaving. The per-

sonnel hatch doors are interlocked to prevent simultaneous opening. Remote

indicating lights and annunciators situated in the control room indicate the

door operational status. Provision is made to permit bypassing. the door

interlocking system to allow doors to be left open during a plant cold shut-

down. Each door hinge is capable of independent three-dimensional adjustment

to assist proper seating. An emergency lighting and communication system

operating from an external energency supply is provided in the lock interior.
Emergency access to either the inner door, from the containment interior, or

to the outer door, from outside, is possible by the use of special door

unlatching tools. All doors on the personnel hatches are double-gasketed and

provided with fittings to allow pressurization of the space between the double

gaskets.

'Special Penetrations

1. Fuel Transfer Tube Penetration

A fuel transfer tube penetration is provided for fuel movement between the

refueling canal in,the Containment Structure and the spent fuel pool. ~ The

penetration consists of a 20-inch diameter stainless steel pipe installed,
inside a 24-inch diameter pipe sleeve as shown in Figure 3.8-11., The „

inner pipe acts as the transfer tube and is fitted with a double-gasketed

blind flange in the refueling canal and a, standard gate valve in the spent

fuel pool. This arrangement prevents leakage through the transfer tube

in'the event of an accident. The =outer pipe is welded to the containment

liner.and provision is made by use of a special seal ring to permit pres-
, sure,„testing all welds essential- to the integrity of the penetration.

I

Bellows expansion joints are provided on the pipes'o compensate for any

differential movement between the two pipes or other structures.
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2. Containment Supply and Exhaust Purge Ducts

The ventilation system purge duct is equipped with two quick-acting tight-
sealing valves (one inside and one outside the containment) to be used for

'1

isolation purposes. These valves are normally closed during reactor
operation. They are manually opened for containment purging but are auto-
matically closed upon a signal of high containment pressure or high con-

tainment radiation level. The space between the valves'an be pr'essurized

to check the integrity of the penetration. In addition, the shaft seals
'

-of the purge valves are equipped with double seals with provision for
testing the space between.

3. Spare Penetrations

Capped spare penetrations are provided. The welds between the sleeve and

the liner and between the sleeve and the cap are covered with leak chase

channels.

General

All spaces that are equipped for pressurization on penetrations and penetra-
tion sleeves are included in the same system of pressurization zones as the

liner seam leak chase channels.

For all penetrations except the equipment and personnel hatches, the No. 18

reinforcing bars are deflected around the opening. For the equipment and per-
sonnel hatch openings, a 2<-inch thick structural steel, hexagonal collar (hex

collar) is provided to transfer the reinforcing bar forces around the opening

as shown in Figures 3.8-12 and 3.8-13. The reinforcing bars are Cadwelded to

special studs threaded into the 4-inch thick edge of the hex collar.

For all penetrations in the exterior shell, a thickened insert plate is welded

into the liner.
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Base Slab and Shell-Base Slab Connection

The seams on the base slab and reactor cavity liner are full penetration
butt-welded and are covered with leak chase channels. The leak chase channels

are arranged in zones in the same manner as those on the exterior'hell liner.

There are two penetrations through the base slab for recirculation lines.
These are similar to penetrations used in the exterior shell. Meld seams

between the liner and the penetration sleeve and between the penetration
sleeve and internal are covered with leak chase charm'els. The volume in the
end of the penetration internal has a fitting for pressurization. These leak
chase channels and the volume in the end of the penetration internal are con-

nected in the zones of pressurization used for liner leak chase channels.

The detail of the shell-base slab connection is shown in Figure 3 .8-14. The

vertical wide flange steel beams provide a gradual transition of load carrying
elements between the base slab and the cylinder, and resist the radial bending

moments and shears. The beams are keyed and grouted in a groove at the base

slab and extend approximately 20 feet up the wall. They do not participate
in resisting either uplift due to pressure or shear and tension forces due to
earthquake.

The 3-foot 8-inch thick cylinder wall is designed to offer. minimum bending

resistance at the junction with the base slab. To achieve this, the wall
is divided into three layers, with the contact surface between the layers
designed as a slip surface. The 12-inch inner layer,. next to the liner plate,
provides stiffness to the liner plate. The L-shaped stud anchors, welded to
the liner plate, and layers (1) and (2) of the wall reinforcing bars are in
this layer. The middle layer is the wide flange steel beams. The voids'
between the beam webs are filled with concrete.'he outer layer is 20 inches
thick. Layers (3) through (6) of the wall reinforcing bars are in this layer.
The slip surface between layers is provided by covering both Xlanges- of the
steel beams with two sheets of Johns-Manville II60 asbestos she'et packing.
This packing is graphite coated on one side, and the two sheets are placed
with the graphite coated sides in contact. The Company has successfully used
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this means of providing sliding supports on penstock piers for over 25 years.

The inert nature of the material, and the fact that it will be completely

isolated from the atmosphere by 'a minimum of 20 inches of concrete combine toreassure
'that it will be fully effective throughout. the lifetime of the plant.

The detail at the bottom of each of these three layers is shown in Figure

3.8-14. The innermost and outermost layers have a 1-inch neoprene pad to allow

slight rotation without crushing of the concrete. The center layer, consisting

of the beams, has a 5-inch deep pocket in which the beams are placed and

grouted.

The diagonal wall reinforcing extends to the bottom of the base slab for

anchorage, as shown in Figure 3.8-15. The base slab bars are bent up at 45

degrees and passed through the diagonal bars. The ends of the base slab bars

are provided with a mechanical anchorage consisting of a Cadweld sleeve and a

steel plate.

The shell liner is anchored to the base slab by No. 14 rebar welded to the

bottom course liner plate, which is 3/4-inch thick. These rebars are embedded

7.5 feet in the base slab concrete.

Internal Structure

The internal structure which is shown in the Figures 3.8-15A through 3.8-15G

consists of the following parts:

1. Lower operating floor at elevation 91 is a 2-foot thick concrete slab

placed over the Containment Structure base slab liner.

2. Circular crane wall is a 3-foot thick, 106-foot OD reinforced concrete

wall, concentric with the exterior shell, and extending vertically from

the Containment Structure base slab liner at elevation 89 to the main

operating floor at elevation 140. The runway for the 200-ton polar gantry

crane is located on top of the circular crane wall. This wall is anchored

to the Containment Structure base slab by No. 18 reinforcing bars. This
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anchorage is. developed through the Containment Structure base slab liner
by means of Cadweld sleeves welded to each side of, the liner at the same

locations,

3. Reactor shield wall is a 34-foot OD, 17-foot ID reinforced concrete wall.
This wall is anchored to the Containment Structure base slab in the same

manner as the circular crane wall.

4. Fuel transfer canal is a stainless s'teel lined cavity whi'ch can be filled
with water during refueling. The vert'ical walls of the fuel transfer
canal are 4 feet thick.

5. Main operating floor at elevation 140 is a 3-foot thick concrete slab sup-

ported by the circular crane wall and the .fuel transfer canal walls. This
slab is thickened locally up to 7 feet near openings'.

6. Main steam line restraint towers are reinforced concrete buttresses extend- ~

ing from the main operating floor at elevation 140 to elevation 184.

7. Annulus platforms are structural steel platforms at elevations llj and

140 'located between the circular crane wall and the exterior shell, Steel
framing is also provided at elevations 106'-8" and 101'-5" for support of
piping,

Codes and Standards

The following codes and standards are used, insofar as they are applicable in
the design and/or construction of the Containment Structure:

l. ACI Standard Building Code Requirements for Reinforced Concrete

(ACI 318-63).

2. Manual of Standard Practice for Detailing Reinforced Concrete Structures
(ACI 315-65).
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3. Recommended Practice for Evaluation of Compression Test Results of Field
Concrete (ACI 214-65).

4. Inspection of the Cadweld Rebar Splice (Erico Products, Inc., RB-5M 768).

5. Recommended Practices for Welding Reinforcing Steel, Metal Inserts, and

Connections in- Reinforced Concrete. Construction, American Welding Society,
AWS D 12.1-61.

6. AISC Specification for the Design, Fabrication, and Erection'of Structur'al
. Steel for Buildings, Sixth Edition.

7. Construction of the Containment Structure liner conforms to the applicable
parts of Part UW, "Requirements for Unfired Pressure Vessels Fabricated by

Welding," Section VIII, ASME Boiler and Pressure Vessel Code, 1968 Edition
including addenda through Summer 1968.

8. Those parts of penetration insert plates, penetration sleeves, airlocks,
and access hatches, which form part of the pressure boundary conform to
Class B requirements of Section III, ASME Boiler and Pressure Vessel Code,

1968 Edition, including addenda through Summer 1968.

9. Code for Welding in Building Construction, AWS D 1.0-69. .Work performed

prior to December 12, 1969 is in accordance with the earlier edition AWS

D 1.0-66.

10. Stud welding is in accordance with the Supplement to American Welding

Society Specifications AWS D 1.0-66 and AWS D 2.0-66 on Requirements for
Stud Welding.

ll. Materials and the quality control tests for materials conform to ASTM

standards.

12. Pressure tests of the Containment Structure, leak chase channels,

double penetration volumes, volumes between double seals, and volumes

between double isolation valves are in accordance wi,th the requirements

of ANS 7.60 Standard for Leakage Rate Testing of Containment Structures
for Nuclear Reactors, dated April 29, 1970.

13. Safety Guide 12 Instrumentation for Earthquakes, dated March 10, 1971.
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14. Safety Guide 18 Structural Acceptance Test for Concrete Primary Reactor

Containments, dated October 27, 1971.

Re ulator Guides

The following Regulatory Guides were issued after construction at the Diablo

Canyon plant was partially completed:

1. Safety'uide 10, Mechanical (Cadweld) Splices in Reinforcing Bars of

Concrete Containments, dated March 10, 1971.

2. Regulatory Guide 1.15, Testing of Reinforcing Bars for Category I Concrete

Structures, dated December 28, 1972.

3. Safety Guide 19, Nondestructive Examination of Primary Containment Liner

fields, dated August 11, 1972.

4. Regulatory Guide 1.55, Concrete Placement in Category I Structures, dated

June,1973.

Inasmuch as the'orresponding programs for the Diablo Canyon plant were con-

servatively formulated, the inspection provided essentially equals,. and: in many

cases exceeds, that provided by the regulatory position in the guides. Detailed

comparisons of the program used for Diablo Canyon plant with the regulatory

position of .Safety Guide 10, Regulatory Guide 1.15, and Safety Guide 19 are

presented in Tables 3.8-1 through 3.8-3, respectively. The quality assurance

program for the Diablo Canyon plant meets the requirements of Regulatory Guide

8 1.55. In regard to Regulatory Guide 1.55, the references used for guidance are

those listed in Appendix A as they existed at the time of the PSAR.

Pro osed ACI-ASME Code for Containments

The Proposed Standard Code for Concrete Reactor Vessels and Containments (pro-

posed code) was issued in the spring of 1973 for Trial Use and Comment as the

Proposed Section III, Division 2, of the ASME Boiler and Pressure Vessel Code.

The Trial Use and Comment period ended November 28, 1973 and it is expected that

the proposed code with the completed addenda will be forwarded to the ACI and

ASME for approval in the first half of 1974. The approved code should be

available by September 1974.
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The technical requirements of the proposed code are derived from the

Building Code Requirements for Reinforced Concrete (ACI 318-71), from

Section III, Division 1 of the ASME Boiler and Pressure Vessel Code, and

from other codes and standards commonly applied,to containment s=ructure
design, fabrication, and examination. 'Likewise, the technical requirements
for the Diablo Canyon containment structures are based on those same codes and

standards, except that in many cases an earlier edition was applied to Diablo
Canyon in accordance with the PSAR. As a result, the corresponding require-
ments for the Diablo Canyon containment structures are essentially equal to
the technical requirements of the proposed code. In addition, there are some

significant areas such as the amount of liner radiography where the Diablo

Canyon requirements are more stringent than those of the proposed code.

Tables 3.8-1, 3.8-2, and 3.8-3 compare the Diablo Canyon programs for
reinforcing steel, Cadweld splices, and nondestructive examination of the liner
with the regulatory position in Regulatory Guide 1.15, Safety Guide 10, and

Safety Guide 19, respectively. Inasmuch as the technical requirements of the

proposed code are identical to the requirements of those Safety and Regulatory
Guides, the comparisons also apply to the proposed code. These comparisons are

considered representative of the degree to which the corresponding requirements

for the Diablo Canyon containment structures are equal to the technical require-
ments of the proposed code.

The general requirements of the proposed code require third party inspection
for all containment structure fabrication and construction. For Diablo Canyon,

third party inspection was provided for fabrication and installation of all
containment structure penetrations in accordance with the Class B require-
ments of Section III, ASME Boiler and Pressure Vessel Code.

Desi n Loads

The following loads were considered in the design of the Containment Structure:
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Dead Loads

These consist of the weight of concrete, reinforcing steel, steel liner,
structural steel, and permanent equipment loads. Equipment loads are supplied
by the manufacturers.

Live Loads

These consist of temporary equipment loads and a uniform load to account for
the miscellaneous temporary loadings that may be placed on the structure.
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Internal Pressure Due to Loss of Coolant Accident

In the hypothetical loss of coolant accident used for design of the

Containment Structure, the water in the Reactor Coolant System is assumed to

be released through a double-ended break in a reactor coolant pipe, thereby
creating a rapid rise in internal pressure. The variation of internal pressure
with time used for design purposes is shown in Figure 3.8-16. The design peak

pressure is 47 psig, which is greater than any of the peak pressures calculated
in the detailed analysis reported in Chapter 6. Transients for the 1.25 times

and 1.50 times design pressure are shown in Figures 3.8-17 and 3.8-18.

The hypothetical loss of coolant accident results in a pressure differential
between the volume within the circular crane wall and the surrounding Contain-

ment Structure volume. For design purposes, the maximum pressure differential
was taken as 15 psi. This value is greater than the value calculated in the

detailed analysis reported in Chapter 6.

Loads Due to Thermal Ex ansion

These are loads resulting from the internal temperatures associated with
normal operation and the hypothetical loss of coolant accident. The maximum

0internal atmospheric temperature during normal operation is 120 F. The tem-

perature transients, associated with the hypothetical loss of coolant accident,
which were used for design of the Containment Structure are shown in Figures
3.8-16, 3.8-17, and 3.8-18 corresponding to design pressure, 1.25 times design

pressure, and 1.50 times design pressure, respectively. The maxima of the

temperature transients are 246 F on the transient corresponding to design
pressure, 285 F on the transient corresponding to 1.25 times design pressure,0

and 306 F on the transient corresponding to 1.50 times design pressure.

Loads Due to Postulated Pi e Ru tures and Missile Im act

Design of the internal structure includes calculation of the effects of forces
from postulated pipe ruptures transmitted through pipe restraints and equip-
ment supports, j et forces from postulated pipe ruptures, and forces resulting
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from postulated missile impact. The forces from postulated pipe ruptures are

calculated as described in Section 3.6 The forces from postulated missile
impact're calculated as described in Section 3.5.

Earth uake Loads

Earthquake loads are based on a time history modal superposition analysis of
the Containment Structure and surrounding rock mass performed by John A. Blume

and Associates', Engineers, as described in Section 3.7.2.

Hind Loads

dI

Hind loads are determined in accordance with the criteria presented in Section
3.3. However, the forces due to wind are much less than those due to earth-
quake; consequently, seismic considerations, rather than wind, control the
design of the Containment Structure.

Test Pressure

n

Internal pressure is applied to test the structural integrity of the'vessel up

to 115 percent of the design pressure. For this structure, the test pressure
is 54 psig.

Ne ative Pressure

This consists of loading from. an internal negative pressure of 3.5 psig. 'A

pressure of this magnitude would result from the combined'ffects of coo1ing
0of the containment volume 70 F below the temperature at which the containment

was sealed, a rise in external barometric pressure of 1 psi and the burning
of hydrogen evolved from a metal-water reaction.

,Loadin Combinations

I

The following loading combinations are used in design of the Containment

Structure elements:
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0 erati Conditions

Exterior Shell and Base Slab

Dead load, thermal load, Design Earthquake, and negative pressure are

considered as follows:

C =D+T +DE+NP
0

where C = Required load capacity of section
D = Dead load of structure and equipment loads

T
0

DE

= Load due to operating temperature
= Load due to Design Earthquake

NP = Negative Pressure

Internal Structure

Dead load, live load, thermal load, and load from the Design Earthquake are

considered as follows:

C =D+L+T +DE
0

where L = Live load

Accident Conditions

Exterior Shell and Base Slab

1. C = 1.0D + 0.05D P 1.5P + 1.0T"

il

2. C = 1.0D i 0.05D + 1.25P + 1.0T' 1.25DE

3. C = 1.0D + 0.05D + 1.0P + 1.0T + 1.0DDE
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Symbols used in these formulas are defined as follows:

C = Required load capacity of section.
P = Accident pressure as shown in Figure 3. 8-16.

T = Load due to maximum temperature associated with 1.0P.
T' Load due to maximum temperature associated with 1.25P.
T" = Load due to maximum temperature associated with 1.5P.

DDE = Loads resulting from the Double Design Earthquake.

Internal Structure

Dead load, live load, load due to Double Design Earthquake, compartment

pressurization, pipe reactions associated with a postulated pipe rupture,
jet forces, and missile loads are combined as follows:

C = D+L+DDE+.CP+R+ J+M

where CP = compartment pressurization associated with a loss-of-coolant
accident.

'R '= pipe reactions associated with a postulated pipe rupture.
jet impingement load

M = missile impact load

Desi n and Anal sis Procedures

Membrane Stress in C linder and Dome

For the accident loading conditions, the exterior shell is subjected to

tensile membrane forces in the horizontal and vertical directions. Thus, the

concrete is assumed cracked and its contribution to the strength of the exte-
rior shell is neglected. The stress analysis is performed with two sets of
assumptions: first, the effect of the liner is neglected and the stress
analysis is performed assuming that the reinforcing steel'alone resists the

tensile, compressive, and shear membrane forces; .second, in order to investi-
gate the states of stress in the liner, the analysis of the exterior shell is
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performed assuming that tensile, compressive, and shear membrane forces

are shared by the reinforcing steel and the liner. Where the liner is
2

considered, the strain in the reinforcing steel, is made equal to the cor-

responding strain in the liner for dead load, .pressure, and earthquake forces.

The membrane forces from temperature are internal in nature and are calculated

by considering that the compressive force in the liner is balanced by an equal

tensile force in the reinforcing steel. At any point in the exterior shell,

the sum of the membrane forces in the liner and the reinforcing steel is equal

to the total membrane force from dead load, pressure, and earthquake. Thus,

the liner is not relied upon for strength, but the stresses in the liner are 2

fully determined.

Since the thicknesses of the cylinder and dome are small in comparison with

their radii of curvature, they are analyzed as a thin walled shell structure.

Internal Pressure and Dead Load

Hembrane forces due to axisymmetric loads such as internal pressure and dead

load are calculated as follows:

Vertical or meridional force, N<f

N$ -
2n r sin )0

where V = sum of vertical loads above section considered.

r = distance of section considered from shell centroid.
0

= angle between the shell surface and a horizontal plane.

Horizontal or hoop force, No

~N No

rl r2

where r r = radius of curvature of shell in meridional and hoop directions,
1'

respectively.

p = unit load normal to the shell surface.
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This equation becomes

N$ + No = pR for the dome and,

No = pR for the cylinder
where R = radius of cylinder and dome.

The membrane forces for dead load and internal pressure are shown in Figure

3.8-19.

Earthquake

Membrane forces for the Design Earthquake and Double Design Earthquake are

from the finite element, time history modal superposition analysis described

in Section 3.7.2. A plot of these membrane forces in the cylinder and dome

is shown in Figure 3 .8-20.

Rind

Membrane forces from wind are -shown in Figure 3.8-21. These are less than

the membrane forces due to earthquake.

Temperature

Membrane forces from temperature are shown in Figure 3.8-22.

The combined membrane forces for the three accident loading conditions are

shown in Figures 3.8-23, 3.8-24, and 3.8-25.

Liner Anchors

The liner anchors are designed so that they have sufficient strength and

flexibility to withstand any combination of liner stress and deformation that

can be reasonably assumed to occur under the accident loading conditions.,
The following conditions have been considered in design'of the liner anchors:
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1. Variations in anchor spacing including the possibility of a defective or

missing anchor.

2. Variations in anchor stiffness.
3. Variations in liner plate curvature.

4; Liner plate thicker than nominal due to rolling tolerances.

5. Yield strength in excess of ASTM minimums.

6. Liner plate seam offset.

E ui ment and Personnel Hatch 0 enin s

Membrane forces are transferred around the equipment hatch and personnel hatch

openings by means of'exagon-shaped steel collars to which the reinforcing
steel is attached.

The analyses of the equipment hatch and personnel hatch openings take into
account the following:

1. Direct stresses in the collar.
2. Stress concentrations in the reinforcing bars adjacent to the collar.
3. Bending stresses in the collar.

The analytical procedure for determining stresses is as follows:

1. For the first phase of analysis, a large area of the shell adjacent to the

opening, including the steel "hex collar," is subjected to basic design

membrane stresses, NJ,, No, N)o (vertical, hoop, and tangential shear,

respectively), as shown in Figure 3.8-26. This area extends beyond the

opening far enough to make the effects of the opening negligible. The

area is represented as a finite element mesh, consisting of bar and plate

elements, and is analyzed using a plane stress finite element program.
- The objective of this analysis is to determine the, primary stresses in

the collar and reinforcing steel.

2. After completing the first phase of analysis, bending moments and shears

are calculated in the region surrounding the opening. This is accomplished
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by examining the equilibrium of the cylindri'cal shell. For a cylindrical
shell, the basic equation of equilibrium is:

No = pR where No hoop stress

p ~ internal pressure

R radius of cylinder

Reinforcing steel and plate forces from the first phase of analysis are

transformed into hoop forces which are then used in the above equation

to solve for pressure. Where the calculated pressure exceeds the actual

pressure, a hypothetical inward pressure, q, is applied as shown in Figure

3.8-26. This pressure is zero when No pR. The total resultant of q is
equal and opposite to the total resultant of the internal pressure acting

over the area of the opening. Thus, overall equilibrium is maintained.

The area subjected to the pressure q is treated as a flat plate supported,

but free to rotate, at the edges of the circular opening. This area is
represented as a finite element mesh, and a finite element plate bending

program is used for the analysis, resulting in evaluation of bending

moments M$ and Mo and torsional moments Mgo and Mop, as defined in
Figure 3.8-26.

Juncture of C linder and Base Slab

At the base of the cylinder, radial expansion from internal pressure is
prevented by the base slab. In this region, the cylinder undergoes a transition
from zero radial displacement at the base slab to full membrane displacement a

short distance up from the base slab. This displacement results in longitudinal
curvature in the cylinder.

Because only limited data on the shear strength of concrete subjected to biaxial
tension were available when the Unit 1 construction permit application was

submitted, a system was developed to provide radial shear strength independently

of the concrete. This system consists of structural steel, wide flange beams,

embedded in the bottom 20 feet of the concrete cylinder wall and keyed into the

base slab, as shown in Figure 3.8-14. These structural steel beams are contin-

uous around the circumference of the cylinder and provide known bending and
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shear strength adequate to assure the integrity of the wall in the
transition region.

For analysis, the bending and shear strength of the reinforced concrete parts
of the wall are conservatively neglected. The displacement, slope, bending
moment,'nd shear in the structural steel beams is calculated using the method

outlined on page 46B of Reference 3. An analogy between this system and a

homogeneous cylinder is assumed and expressed by the relationship:

dw + 4gw=04 4

dx4

Where: w = radial displacement of cylinder
x = vertical coordinate measured from top of a rigid base

= coefficient representing the elastic properties and radius of4

cylinder

The above relationship represents the interaction of hoop forces and bending

moments. Since the concrete is ignored in this analysis, the elastic pro-
perties of the cylinder are determined by the area (AH) and spacing (s) of the

hoop reinforcing and the moment of inertia (I) and spacing (b) of the steel
beams. Thus,

~b
4R Is where R is radius to the centroid of the hop rein-2

forcing bars.

Constants for the differential equiation are evaluated for boundary conditions
of zero moment at the base and displacement at the base equal to the membrane

displacement of the exterior shell. Solution of the differential equation

results in an equation for the displacement w of the wide flange beams in terms

of Q the shear at the base. The appropriate derivatives give the moments and
0

shears. The resulting displacement, slope, moment, and shear are shown in
Figure 3.8-27.

(February 1974)
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. Special provisions, described in this subsection in a previous paragraph

entitled Base"Slab and Shell-Base Slab Connection were made to enable the

reinforced concrete wall to accept the calculated deformations at the transi-
tion region. The, calculated deformations, and the related slopes, bending

moments and shears are overestimates of the actual values to the extent that.

the concrete may add stiffness to the steel beams. The added stiffness should

be minimal, however, because of the above special provisions and because the

wall is subjected to vertical membrane tension while the maximum curvature of
the steel beams is not sufficient to develop compressive stress in the concrete.

0
The calculated slope at the bottom of the cylinder wall is l 6'. This value

is small enough that the reinforcing steel can readily accommodate the rotation.
1

The design of this transition region has not changed significantly since it was

specifically reviewed and approved as part of Xhe construction permit applica-
tions for Unit 1 and Unit 2.

(February 1974)
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Base Slab

For preliminary analysis, the base slab is treated as a uniform circular
plate of radius, R = 73.0 ft. The analytical model is different for each of
the three loading conditions as described below:

For the first accident loading condition, C = 1.0D + 0.05D + 1.5P + 1.0'E",

the base slab is analyzed as a plate supported on a rigid non-yielding
foundation. This assumption is considered reasonable since the foundation
material is rock. The analytical procedure is given on Page 309 of
Reference 3. The plate is subjected to a uniform load of pressure and dead

weight (q) acting downward and a load distributed over the periphery (Q)

acting upward due to internal pressure. This causes the base slab to "dish"
so that the whole structure is supported at the center by a flat area of
radius "z" as shown in Figure 3.8-28. The radial and tangential moments,

and radial shear for this condition are also shown in Figure 3.8-28.

For the second accident loading condition, C = 1.0D + 0.05D + 1.25P + 1.0T'

1.25DE, there is a vertical and a lateral load due to earthquake in addition
to the other loads. The lateral load results in an overturning moment which

shifts the flat area away from center. For analysis, the overturning moment

is represented as a couple consisting of a concentrated downward load at
the edge, and an upward load at the center of the plate. This upward load,
together with the upward earthquake force is considered equivalent to a

peripheral load as shown in Figure 3.8-28. The same analytical procedure is
used as for the first accident loading condition. Thus, on one-half of the

plate, the distance x is reduced, and the plate moments increase correspond-

ingly. The radial and tangential moments, and radial shear for this condition
are shown in Figure 3.8-28.
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For the third accident loading condition, C = 1.0D + 0.05D + 1.0P + 1.0T +

1.0DDE, the earthquake overturning moment is large enough that the flat por-
tion in the symmetrical analysis becomes very small. For analysis, it is
conservatively assumed that the flat portion disappears (X = 0, Q

= qR/2).
In this case, the slab acts as a simply supported circular slab as shown in
Figure 3.8-28. The radial and tangential moments and radial shear for this
condition are also shown in Figure 3.8-28.

The preliminary analysis shows that the third accident loading condition is
)

the most severe. A more detailed final analysis is then performed for this
loading condition in which the effect of the rigidity of the reactor cavity
walls on the bending behavior of the plate is considered. The base slab is
represented as a two dimensional finite element mesh, with reactor pit walls
represented as very stiff elements. The loading consisted of the internal
pressure, q, the equipment weight and the dead weight of the slab. A finite
element plate bending program is used for the analysis.

Internal Structure

The internal structure consists of structural elements which are well defined

by the "ACI Standard Building Code Requirements for Reinforced Concrete" such

as "Beams," "T-Beams," "Deep Beams," "One and Two-way Slabs and Walls," or
AISC "Specification for the Design, Fabrication and Erection of Structural
Steel for Buildings." These methods are based on well established principles
of equilibrium and strain compatibility as well as results of many years of
experience by steel and concrete construction industries. Following are

principal structural features and design methods of the Internal Structure:

Seismic forces are calculated as outlined in Section 3.7.

The operating deck at El. 140.0 is supported by 3-foot thick 106 foot OD

circular crane wall, 4-foot thick fuel transfer canal walls and structural
steel columns placed on the periphery next to the containment wall.
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The slab within the circular crane wall is in general 3 feet thick considered

as a two-way slab. Because of irregular shape, it is represented by approxi-
mate models with negative moments based clamped edges while positive moments

are based on hinged edges.

Because of large openings it was necessary to thicken parts of the slab .to
I

7 feet and these parts are treated as beams spanning between the circular
crane wall and fuel transfer canal walls.

Outside the circular crane wall the operating deck consists of '1'-6" thick
concrete slab supported on the circular crane wall and on steel beams on

periphery; steel grating is placed over steel beams.

Lateral forces are transmitted to the circular crane wall through diaphragm

action of concrete slabs.

The circular crane wall provides support for the operating floor at elevation
140'-0". It is also a primary'system transmitting lateral loads into the base.

Compartment pressurization loads are carried primarily by tensile membrane

hoop stress in the wall.
1

Com uter Pro rams

The following computer programs were utilized for structural analysis of the
Containment Structures:

l. A plane stress finite element program, developed at the University of
California, was used in the analysis of the equipment hatch and personnel
hatch openings.

2. A plate bending finite element program, developed at the University of
California, was used in the analysis of the equipment hatch and personnel
hatch openings and the analysis of the Containment Structure base slab.
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3. The STRAN program was developed to calculate membrane stresses in the

reinforcing steel and liner of the Containment Structure exterior shell.
The program calculations are based on equilibrium and compatibility of
strains.

4. Dynamic analysis programs, described in Section 3.7, were used for the
time history, model superposition analysis of the Containment Structure.

Verification of these computer problems was accomplished as follows:

Test problems were calculated to verify the two finite element programs and

the STRAN program. For each test problem, the calculations were performed

both by hand and by use of the computer program. The test problems were

selected so that they are representative, of the actual calculations
performed for the Containment Structure. The test problem for the STRAN

program and the plane stress finite element program are shown in Figure
3.8-28F, and a comparison of the results is shown in Table 3.8-9. The test
problem for the plate bending finite element program is shown in Figure
3.8-28G. The comparison of results is shown graphically also in Figure
3.8-28G.

(February 1974)
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Structural Acce tance Criteria

The structural acceptance criteria for the Containment Structure exterior shell
and internal structure are as follows:

0 eratin Conditions

For operating conditions the Containment Structure is designed for the allow-

able stresses of the applicable code such as AC? 318-63, AISC Specification for
the Design, Fabrication, and Erection of Structural Steel for Buildings, and

ASME Boiler and Eressure Vessel Code, except that the increase in allowable

stress or decrease in load factor usually allowed for load combinations

involving earthquake or wind forces is not used.

Accident Conditions

For accident conditions the Containment Structure is designed for overall
elastic behavior under all load'ombinations. The capacity of the various

structural elements is based on the yield stress of the material, reduced by

a factor, $ , which provides for the possibility that small, adverse variations
in material strengths, workmanship, dimensions and control, while individually
within required tolerances and the limits of good practice, occasionally may

combine. The $ factors used are:

Exterior shell reinforcing steel,
structural steel, and liner in tension

—.$ = 0.95
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Other structural steel

Reinforced concrete in base slab
and internal structure

$ = 0.90'"

$ factors in accordance

with ACI 318-63

For structural steel hex collars and liner plate which are stressed

bi-axially, yield is determined by either the Tresca criterion used in
Section III, ASME Boiler and Pressure Vessel Code or the Huber-Hencky-von

Mises criterion.

Strain in the liner is limited to 0.005 in compression and 0.003 in
tension.

Factors of Safet

The factors of safety for the exterior shell and internal structure of the

Containment Structure are at least as great as indicated by the load

factors given in this Subsection 3.8.2 under the heading "Loading

Combinations." The calculated stresses for the exterior, shell are given in
Figures 3.8-28A through 3.8-28E, and the calculated stresses for the

internal structure are given in table 3.8-5. In most cases, the calculated
stresses are less than the allowable value and the actual factor of safety
is therefore greater than indicated by the load combination equations.

The maximum relative displacement between the Containment Structure and the

Auxiliary Building has been calculated as 2.1 inches. This includes the

effects of accident pressure and temperature and Double Design Earthquake.

Since the gap between the structures is 5 inches, the factor of safety
against impact is 5/2.1 = 2.38.

The maximum relative displacement between the Containment Structure
exterior shell and internal structure has been calculated as 0.79 inches.

This includes thermal effects and deflections for the Double Design

Earthquake. Since the minimum gap between the internal structure and the

exterior shell is 2 inches, the factor of safety against impact is
2/0.79 = 2.54.

<See footnote in discussion of loading combinations in Section 3.8.1.
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Materials and ualit
Control'uring

the first 16 months of construction, a Civil Engineer from the
Company's Engineering Department was assigned to the construction site on a

full-time basis. This engineer was familiar with and had participated in the
design of. the Containment Structure. For the period he was on-site, he was

part of the Quality Assurance Department (described in Chapter 17) and his
responsibilities included performing audits on the various construction qual-
ity assurance programs. This engineer was qualified as ASNT Level II for
radiographic, magnetic particle, ultiasonic, and dye penetrant methods of non-

destructive testing. In addition other engineers from the Company's Engineer-

ing Department who were involved in the design of 'the Containment Structure
maintained daily contact with the site by telephone calls and made periodic
visits to the site during construction.

Inspectors from the Company's Engineering Department performed regularly
scheduled shop inspections on materials and components for the Containment

Structure.

The Company's General Construction Department provided a complete staff of
Resident Engineers, Field Engineers, Quality Control Engineers, and Inspectors
for supervision and inspection of contruction operations at the site. Their
responsibilities for quality control of the Containment Structure were as

follows:

1. To inspect materials delivered to the job site and examine supplier's
certified test reports of physical and chemical properties.

2. To inspect handling and placing of concrete, reinforcing bars, embedded

items, and forms.

3. To maintain an adequate force of qualified supervisory personnel at all
times.

4. To maintain, as a part of its field engineering force, qualified personnel

to perform a thorough inspection of each significant construction
operation.
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5. To supervise and be fully responsible for the 'quality of work performed

by,'ontractors.

6. To maintain records'f inspections. which were performed ..
*

Many of the Company General Construction personnel at the site attended, a

formal course of instruction in radiographic, magnetic particle, ultrasonic,
and dye penetrant methods of nondestructive testing.

Company technicians staffed the on-site materials laboratory where tests on

cement, aggregate, concrete, and reinforcing steel were performed.

Concrete

Concrete is a dense, durable. mixture of sound aggregate; .cement, water, and
'I

such admixtures as may be found advantageous. The concrete strengths used Xn

the Containment Structure are:

Exterior Shell
Base Slab

Internal- Structure

3,000 psi-
5,000 psi
5,000 psi, - .

Concrete construction meets, as a minimum, the requirements of ACI 318-63,

"Building Code Requirements for Reinforced Concrete."

Cement

Cement is clean, fresh, Type II, low alkali, moderate heat, portland cement

conforming to the" specifications of ASTH C 150, except that the Company speci-
fication is more stringent in requiring that the compressive strengths for any
mill-run or bin be not less than 1,700 psi at three days, 2,700 psi at seven

days, and 4,000 psi at 28 days, and that the loss on ignition be less than
2.0 percent. In addition, the following Optional Chenical Requirements of
ASTM C 150 are required by the Company specifications:
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l. Total alkalies of the cement, calculated as the percent of Na20 + 0.658

times the percent of K20 is limited to 0.60 percent.

2. The sum of tricalcium silicate and tricalcium aluminate was limited to
58 percent.

During manufacture, samples of cement were taken once each shift or. at the
rate of one sample for every 2,000 barrels. After the quality history was

established in accordance with Section 5 of the Federal Test Method Standard

No.„158a, testing was performed at the reduced testing rate specified in
that standard. A report of the tests made on each sample was sent to the

Company Department of Engineering Research in Emeryville, California. In
addition, each shipment of cement was accompanied by a mill certificate and

a report of the average of all the individual tests was sent with the initial
delivery from each new lot or grind.

Cement shipped to the batch plant was not placed in a plant bin unless it had

been accepted by the Company.

In addition to the tests the cement manufacturer performed, the Company made

the following tests on each new lot to assure conformance with ASTM C 150:

ASTM C 109 Compressive Strength of Hydraulic Cement Mortars
(using 2-in. cube specimens).

ASTM C 114

ASTM C 151

~ ASTM C 191

ASTM C 204

Chemical Analysis of Hydraulic Cement.

Autoclave Expansion of Portland Cement.

Time of Setting of Hydraulic Cement by Vicat Needle.

Fineness of Po'r tland 'ement by Air Permeability
Apparatus.

The tests prescribed in ASTM C 114 were also performed periodically during
storage to check for any effect on cement characteristics. These tests
supplemented visual inspection during storage.
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Aggregates

Aggregates consist of inert materials that are clean, hard, durable, free
from organic matter, not coated with clay or dirt, and conforming to American

Society for Testing Materials Designation C 33, "Standard Specification for
Concrete Aggregates." Xn.addition to the requirements of ASTM C 33, the
Company"specification requires that:

1. Sodium Sulfate Test for Soundness (ASTM C 88). For fine aggregate, the
portion retained. on a No. 50 screen be limited to,a weighted average loss
of no more than 8% after 5 cycles. .For. coarse aggregate, the weighted

average loss after 5 cycles be no more than 10%.,

2. Sand Equivalent Test (California Division of Highways Test Method No.

California 217). Sand Equivalent value be at least, 75.

3 . The fineness modulus be within the limits of 2.6 to 2.9.

4. Los Angeles Rattler Test (ASTM C 131) for coarse aggregate. Loss by
weight using Grading A, be a maximum of 10% by weight at 100 revolutions
and 40% by weight at 500 revolutions.

5. Cleanness Value (California Division of Highways Test Method No.

California 227-B) for coarse aggregate. Cleanness Value be at least 75.

6. Specific Gravity (ASTM C 127) for coarse aggregate. Specific Gravity on

a saturated surface dry basis be at least 2.60.

7. The chloride content of aggregate be no more than 440 ppm.

The following tests were performed by. the aggregate supplier at the frequency
vindicated:
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Test
ASTM

Desi nation ~F|:e uenc

Screen Analysis and Fineness Modulus

Clay Lumps and Friable Particles

Minus 200 Mesh

Organic Impurities

Soft Particles

Lightweight Particles

Specific Gravity

Absorption

Unit Weight

Los Angeles Abrasion (coarse)

Soundness

C 136

C 142

C 117

C 40

C 235

C 123

C 127 & 128

C 127 & 128

C 29

C 131

C 88

D

Effect of Organic Impurities on
Fine Aggregate C 87

Petrographic

Sand Equivalent Test

C 295

California
Test Method 217

Cleanness Value California
Test Method 227-B

Frequency:

A. Once each 100 tons but not more than 10 nor less than one

per day of production.
B. Once each 2,000 tons but not less than one test per week

during production.
C. Every 10,000 tons or once every 10 days of production.
D. Every 20,000 tons or once every 20-days of production.
E. Once for initial source approval, then once per 30,000 tons.

F. Once per deposit.
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All test's except the Soundness. Test, ASTM- C 88 and Soft -Particles,,ASTM C 235,

were also performed by the Company on a periodic basis. Samples-were taken at
the place where the aggregate entered the batch bin.

Admixtures

Admixtures conformed to the following ASTM standards:

1. Pozzolan ASTM C 618

2. Air Entraining Agent ASTM C 260

3. Hater Reducing Agent ASTM C 494 1.1.1, Type A

A certificate of 'compliance accompanied 'each load of admixture delivered to
the construction site.

Hater

Hater is clean and free from deleterious amounts of silt, oil, acids, alkali,
salts, and organic substances. Chlorides, calculated as Cl are limited to
1,000 ppm and sulfates, calculated as S04, are limited to 1,000 ppm.

Concrete Mixing, Placing, and Testing

The contractor was required to submit concrete mix designs meeting the Company

specification requirements. The mixes were designed in accordance with
Method 2, Section 308 of ACI 301. The Company's material testing laboratory
made sample batches of the proposed mixes and tested them according to:

ASTM C 192 Making and Curing Concrete Test Specimens in the
Laboratory.

ASTM C 39

ASTM C 143

Compressive Strength of Molded Concrete Cylinders.

Slump of Portland Cement Concrete by the Pressure
Method.
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For each design mix, 7-day and 28-day compressive strength tests were made on

6 x 12-inch cylindrical samples in the laboratory.

The contractor was required to submit liftdrawings, which showed the location
of all construction joints and embedded items, for approval by the Company.

The liftdrawings were approved prior to concrete placement.

At construction joints in all structural concrete, the surface of the hardened

concrete was roughened to expose the coarse aggregate by either bush hammering,

wet, sandblasting, or cutting with an"air-water jet. Prior to placing the next
liftof concrete the surface of the hardened, cleaned concrete was wetted and

given a 1/2-inch coat of bonding mortar on all horizontal joints. The bonding

mortar had the same sand-cement ratio as the concrete mix and had a water-
cement ratio such as to make a thick slurry but, at most, no greater than that
for the concrete. Vertical joints in walls were provided with shear keys.

Vertical joints were staggered by at least 6 inches.

The concrete was batched and mixed in an automatic batching and mixing plant
located at the construction site. Approved concrete mixes were punched on

cards, and the appropriate card was inserted into the control console to
initiate batching. The console automatically printed out the quantities
of each material in the batch, the time, date, batch number, and mix

identification for each batch. Prior to startup of the plant, all weighing

equipment was certified. This equipment was periodically checked to assure

continuing accuracy.

A full-time Company inspector checked the batching and mixing operation.

The maximum temperature of concrete at placement was as follows:

55 F Base slab
70 F 'nternal structure and exterior shell0

The concrete was placed within 45 minutes after introduction of water to the

mixe
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Concrete placement was inspected by Company inspectors. The concrete was

either maintained in a moist condition for seven days by approved methods or

coated with an approved curing compound.

Concrete was sampled at the frequency required by ACX 301-66. Sampling

concrete and making, curing, and testing specimens was in accordance with:

ASTM C 172

ASTM C 31

ASTM C 39

ASTM C 143

ASTM C 231

Sampling Fresh Concrete.

Making and Curing Concrete Compressive and Flexural
Strength Test Specimens in the Field.

Compressive Strength of Molded Concrete Cylinders.

Slump of Portland Cement Concrete.

Air Content of Freshly Mixed Concrete by the Pressure
Method.

All taking and testing of concrete samples was done by qualified Company

personnel. Compressive strength tests were evaluated in accordance with
ACX 214. Company specifications required that 95 percent of all cylinders
tested meet or exceed the specified strength for 5,000 psi concrete, and

90 percent meet or exceed .the specified strength for 3,000 psi concrete.
The correlation between field specimens and design strengths was evaluated

continuously during construction.

The average strengths a'nd coefficients of variations as of December 4, 1972

were:

Mix

Average
Design Cement* Strength Coefficient Number
~Si Sacks/Yds. ~si of Variation of Tes ts

Unit 1

7AP

9BP

5000

5000

5000

5000

3000

7.5
7.5
7.0
6.6
6.0

6500

6400

6220

6120

3800

4.3%

6.'5%

8.3%

6.4%

7.0%

134

18

43

87
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Mix
Design
~81

Cement*
Sacks/Yds.

Average
Strength Coefficient

si of Variation
Number

of Tests

Unit 2

8A

,8AP

5000

5000

lt

7.0
'6.6

6680

6200

6. 7%

/. 1%

40

101

These coefficients of variation represent "excellent control" as defined in
Table 2 of ACI 214-,65.

Concrete in Unit 1 and 2 containments's Class AP for base slab and interior
concrete and Class BP for cylinder and dome. Mixes designated 7AP, 8, '8A, and

8AP are Class AP. Mixes 9BP and 10BP are Class BP.

Reinforci Steel

Reinforcing steel is deformed billet-steel bar conforming to ASTM de'signation

A 615. All reinforcing b'ars in the~Containment Structure are Grade 60, except
for the following which are Grade 40:

1. Liner anchorages in the base slab..
2. Anchorages on 'the structural steel beams embedded 'at the base" of the

Containment Structure vali.

,Table 3 .8-1 compares the program for, testing of reinforcing bars at the Diablo

Canyon plant to the 'requirements of Regulatory Guide 1.15, which was issued

after construction at Diablo Canyon was partially complete. Table 3 .8-1 also
indicates those areas where the Company specification is more stringent than

ASTM A 615.

Heat number identification was maintained on reinforcing steel from the start
of manufacture through placement in the structure.

I

Physical and chemical test results vere sent to the construction site with
the first load of steel from each heat. Test values vere checked by Company

K
1

inspectors or quality control engineers.

*Cement and pozzolan
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Detailing was in accordance with ACI Standard 315-65, Manual of Standard

Practice for Detailing Reinforced Concrete„Structures. Bars to be bent were

cold bent around pins of the following minimum,diameters:

'. Stirrups and ties —four times the,bar diameter.
2. No. 8 bars or smaller — six times the bar diameter.
3. Nos. 9, 10, and. 11 — eight times the bar diameter.
4. Nos. 14 and 18 — ten tMes the bar diameter.

Fabrication tolerances were as follows:
Ic

l. Cut length:
No. 14 and No. 18 bars
All other bars

2-. Depth of truss bars:
No. 18 bars

. All other bars

3. Stirrups, ties, and spirals:
+1/2 inch

4. All other bends:

No. 14 and No. 18 bars
All other bars

+0 inch, -3/8.inch
'+1 inch-

+2 "in'ches
+0 inch, -1/2 inch

~l/2.inch
+1 inch

Placement tolerances were as follows:
8

a

1.. Concrete cover to formed surfaces:
No. 14 and No. 18 bars, -1/2 inch, +2 inches
All other bars - +1/2 inch

2. Longitudinal location, of bends:

No. 14 and No. 18 bars ~2 inches
All other bars +1 inch

3. 'epth of bars in slabs:
-8 inches or -less'in- thickness-"-- 1/4 .inch",- - ....
- Over 8 inches in thickness '1/2 inch

* '." Lateral location in" the plane of reinforcing:
+2 inches
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Occasionally, reinforcing .steel bars had to be moved to avoid interferences.
In this situation, a bar could be. moved, within the plane of the reinforcing
layer or curtain, up to one half the specified spacing. If this was not

sufficient, the resulting arrangement was submitted to the Company for
approval. Also, if the bar had to be moved out of the reinforcing layer or

curtain to avoid an interference by more than one bar diameter or the above

tolerances, whichever was greater, the resulting arrangement was submitted

to the Company for approval.

Tack welding to reinforcing bars was not permitted.

Reinforcing steel placement was inspected by contractor quality control
inspectors and by Company inspectors.

As of December 4, 1972 the average and minimum properties of No. 18 bars in
e

the Containment Structure were as follows:

Yield — minimum
— average

61,750 psi
62,552 psi

Tensile — minimum
— average

93,750 psi
, 106,065 psi

Elongation — minimum
— aveiage

7.0%
9.4%

~Slices

Cadweld Splices

Cadweld splices were used at all locations for primary reinforcing in the

exterior shell and base slab. Cadweld splices were used in a few locations
in the internal structure.

Quality control procedures for Cadweld splices are described in Table 3.8-2

which compares the program used at the Diablo Canyon plant to that required

by Safety Guide 10. Safety Guide 10 was issued after construction at Diablo

Canyon was partially complete.
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As of December 4, 1972 the average and minimum strengths of Cadweld tensile
3

samples are:
K

Minimum tensile strength
Average tensile strength
Number of tests
Number of Cadwelds placed

85,000 psi
97,725 psi*

641

19,068

Butt fielded Splices

Butt welded splices were used in a few locations where there was insufficient
room to properly mount the Cadweld crucible. As of January 1, 1974, six butt
welded splices had been made on No. 18 bars in the exterior shell of the Unit 1

Containment Structure. The quality Control measures applied are the same as

those described in Subsection 3.8.1 for butt welded splices in the Auxiliary
Building.

Lap Splices

Lap splices are in accordance with ACI 318-63.

Liner Penetration Sleeves and Penetration Internals

The Containment Structure liner is carbon steel conforming to ASTM A 516,

"Carbon Steel Plates for Pressure Vessels for Moderate and Lower Temperature

Service," Grade 70. This steel has a minimum yield strength of 38,000 psi,
a minimum tensile strength of 70,000 psi, and a minimum elongation of 17% in
an 8-gauge length at failure. Charpy V-notch impact tests were performed at

+20 F in accordance with ASTM A 370.

Penetration sleeves conform to one of the following three material

specifications.'.

ASTM A 106, "Seamless Carbon Steel Pipe for High Temperature Service,"

Grade B, with the additional requirement that Charpy V-notch impact tests

be performed at 0 F.0

Amendment 3
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2, ASTM A 333, "Seamless and Welded Steel Pipe for Low Temperature Service,"
0Grade 1, except that Charpy V-notch impact tests were performed at 0 F.

3. ASTM A 516, "Carbon Steel Plates for Pressure Vessels for Moderate and

Lower Temperature Service," Grade 70, to ASTM A 300, except that Charpy
0V-notch impact tests were performed at 0 F.

(February 1974) 3.8-54a
Amendment 3
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For all three material specifications, the Charpy impact tests were in
accordance with the requirements of paragraph N-330 of ASME Section III,
1968 edition.

Penetration internals conform to the following material specifications:

1. Equipment and personnel hatches are ASME SA 516, Grade 70 to SA 300 with

Charpy impact values at 0 F in accordance with paragraph N-330 of ASHE,0

Section III, 1968

edition.„'..Carbon

steel flued heads are ASME SA 105, Grade II with Charpy impact

tests at 0 F in accordance with paragraph NB-2300 of Section III, ASME0

B&PV Code, 1971 edition. Ultrasonic and magnetic particle inspections

are performed in accordance with paragraphs NB 2542 and NB 2545,

respectively.

3. Stainless steel flued heads are ASME SA 182, Grade F 304. Ultrasonic
and liquid penetrant inspections are performed in accordance with
paragraphs NB 2542 and NB 2546, respectively.

Welded studs attached to the liner meet the requirements of ASTM A 108, Grade

1015-1018.

MillTest Reports certifying the physical and chemical properties of the liner
plate delivered to the job site were required from the steel supplier. The

average and minimum properties of liner plate are as follows:

Reactor Pit and Floor Plates Unit 1 Unit 2

Yield Strength —minimum
— average

h

Tensile Strength —minimum
— average

Elongation - minimum
— average

43,800 psi
51,400 psi

71,000 psi
76,500 psi

19%
25%

39,800 psi
55,100 psi

74,000 psi
78,'900 psi

17%
24% "

Total number of heats 16
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Unit 1 Unit 2

Total number of slabs

Total number of tests

58

58

62

62

C linder and. Dome

Yield Strength — minimum
'- average

41,900 psi
48,800 psi

38,100 psi
46,100 psi

Tensile Strength — minimum
— average

70,200 psi
74,900 psi

70,100 psi
'73,681 psi

Elongation - minimum
— average

19%
26.5%

18%
25.4%

Total number of heats

Total number of. slabs

23

251

22

255

Total number of tests 251 255

Fabrication of the Containment Structure liner conforms to the applicable parts
of Part UW, "Requirements for Unfired Pressure Vessels Fabricated by Welding,"

Section VIIX, ASME Boiler and Pressure Vessel Code.

All of the welds were visually examined by contractor quality control inspec-
tors. All field welds were also visually examined by Company inspectors.

Table 3.8-3 compares the program for nondestructive testing of Contai.nment

Structure liner welds, including penetration sleeves and inserts, used on the
Diablo Canyon plant to that required by Safety Guide 19, which was issued
after construction at Diablo Canyon was partially complete.

Erection tolerances for the liner were as 'follows:

The liner of the completed structure shall be substantially round. At points
not more than 4 inches above the base, the radius of the 3/4-inch liner shall
be 69 feet 11-13/16 inches plus or minus 1/2-inch. The maximum diameter of
the 3/8-inch liner shall not exceed 140 feet 4 inches and the minimum diameter
shall not be less than 139 feet 8 inches.

The liner shall be erected true and plumb. At any point'he out-of-plumb
shall not exceed 1/240 of the height of the point above the base. For any

'

plate (10 feet + in height) the out-of-plumbness shall not exceed 1/120.
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Flat spots or local out-of-roundness shall not exceed 2 inches in 15 feet of

arc.

The base liner shall not deviate from a. plane surface between anchorages by

more than 1/240.

Stud welding was in accordance with Supplement to AWS D1.0-66. The tolerance
on the location of each stud was +1/2-inch. Each welder, at the beginning of
each work day, attached at least two test studs which were then tested by

bending the stud approximately 45 degrees 'toward the plate to demonstrate the

integrity of the stud to plate weld. If failure occurred in the weld, the

welding procedure or technique was corrected and two successive studs success-

fully welded and tested before further studs were attached to the liner plate.
These test studs were allowed to remain in place but are not considered as a

part of the regular stud pattern required by the design. A 100 percent visual
inspection of liner stud anchors was made prior to pouring concrete.

Structural Steel

Hexagonal collars at equipment hatch and personnel hatch meet the requirements
of ASTM A 516, Grade 70, and ASTM A 300, except that,Charpy "V" notch impact

0tests were performed at +20 F.

Structural steel in the internal structure and the wide flange beams embedded

in the lower part of the exterior shell meet the requirements of ASTM A 36,

ASTM A 441, or ASTM A 572 Grade 42, with Charpy "V" notch impact tests in
0accordance with ASTM A 370 at +20 F.

The following quality control procedures were followed in the fabrication of
the hexagonal steel collars at the equipment hatch and personnel hatch

openings:

1. The 4-inch thick plate for the edge pieces was ultrasonically examined

in accordance with ASTM A 435, except that scanning covered 100% of the

surface.
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2. Fabrication conformed to the applicable parts of Part UH "Requixements for
Unfired Pressure Vessels Fabricated by tfelding" of Section VIIIof the ASME

Boiler and Pressure Vessel Code. All welds are full penetration butt welds

and were 100% radiographed in accordance with Paragraph UW-51.

3. The reinforcement plates were heat treated after fabrication in accord-
ance with Paragraph UCS-56, "Requirements for Postweld Heat Treatment"

of Section VIII of the ASME Boiler and Pressure Vessel Code.

Testin and In-Service Suxveillance Re uirements

~Testin

After each Containment Structure is completed, with liner, concrete, and all
electrical and piping penetrations, equipment hatch and personnel locks in
place, the following tests are performed:

Structural Integrity Test

The structural integrity test is performed by pressuring the Containment

Structure with air up to 115 percent of design pressure, or 54 psig. During
this test, structural deflections are measured, crack patterns in the concrete
are measured and photographed, and strains in the liner and reinforcing steel
are measured electrically and recorded. The deflections, crack patterns, and

strains are compared to the theoretical predictions to verify the structural
integrity of the Containment Structure. The structural integrity test of each

Containment Structure meets the requirements of Regulatory Guide 1.18, Struc-
tural Acceptance Test for Concrete Primary Reactor Containments. The Unit 1

Containment Structure is a prototype concrete primary reactor containment as

p defined in Regulatory Guide 1.18.

For the structural integrity test, the pressure is increased in increments to
the maximum of 54 psig. Measurements are made at 0, 15, 25, 35, 47, and 54

psig during pressurization and again during depxessurization. At each pressure

Amendment 8 3.8-58 (Hay 1974)



level, the deflection and strain gauge readings are made after a one hour

wait to allow ad)ustment of strains. The crack patterns are recorded both

before and immediately after the test and at the maximum pressure level
achieved during the test.

The planned instrumentation for each unit is as follows:

Unit 1

The radial and longitudinal growth are measured by means of calibrated targets

attached to the exterior shell and sighted by means of high magnification

theodolites. Radial deflections are measured at three points on each of six
equally spaced meridians; at the springline, at mid-height of the cylinder,
and at the„ top of the base slab. Vertical deflections are measured at the

springline and at the top of the dome.

The radial and tangential deflections of the Containment Structure wall are

measured at twelve locations adjacent to the equipment hatch, which is the

largest opening.

The pattern of cracks that exceed 0.01 inch in width is mapped or photographed

near the base-wall intersection, at mid-height of the wall, at the springline
of the dome, and around the equipment hatch, which is the largest opening. At

each location, an area of at least 40 square feet is mapped or photographed.

Strain measurements are'ade at the following locations in accordance with
the requirements for prototype Containment Structures:

l. In the wall at the top of the base mat.

2. In the wall at the equipment hatch, which is the largest opening, with at

least one gauge located approximately 0.5 times the wall thickness from the

edge of the opening.

3. In the wall at the level of the springline.
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4. In the wall where pure membrane stress is anticipated, i.e., where there
II

are no discontinuities.

Inasmuch as the concrete is assumed cracked, and the strength of the concrete

is neglected, strain measurements are made on the reinforcing steel and liner,
rather than in the concrete. At the equipment hatch, additional strain
measurements are made on the structural steel hex collar. In the wall at the

top of the base slab, additional strain measurements are made on the structural
steel wide flange beams.

The method used for attaching .strain gauges to No. 18 reinforcing bars is
shown in Figure 3.8-29.

In evaluating the results of the structural integrity test, the deflection
measurements will be considered the most reliable result.

Unit 2

The deflection measurement and crack mapping program for Unit 2 is identical
to that for Unit 1.

Preoperational Leakage Rate Tests

Overall Integrated Leakage Rate Tests

63 During the depressurization phase of the structural integrity test the sequence

is stopped at 47 psig to conduct an overall integrated leakage rate test at
design pressure.

During the overall integrated leakage rate tests, the double penetration and

weld channel zones are open to the atmosphere inside the Containment Structure.
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Sensitive Leakage Rate Tests

Following the successful completion of the overall integrated leakage rate
tests and the structural integrity test, a sensitive leakage rate test is
performed with only the volume of the weld channels and double penetrations

included in the test. The sensitive leakage rate test is performed. with pene-

trations and weld channels at 47 psig and with the Containment Structure at
atmospheric pressure.

General

All leakage rate tests are conducted and evaluated in accordance with

Appendix J of 10 CFR 50.

In-Service Surveillance Requirements

Periodic leakage rate testing will be performed in accordance with tne require-

ments of Appendix J of 10 CFR 50.

(Hay 1974) 3.8-61 Amendment 8



3.8.3 REFERENCES

1. Portland Cement Association, "Analysis of Small Reinforced Concrete
Buildings for Earthquake Forces," Chicago, Illinois, 3,955.

2. =Blume, Newmark, and Corning, "Design of Hultistory Reinforced Concrete
Buildings for Earthquake Notions," Portland Cement Association, Chicago
Illinois, 1961.

3. Timoshenko and Noinowsky — Krieger, "Theory of Plates and She3.1s,"
i~fcGraw-Hill, Inc., New York, 1959, Second Edition.

Amendment 8 3.8-62 (ofay 1974)



TABLE 3,8-1

(Sheet 1 of 2)

TESTING OF REINFORCING BARS FOR DESIGN CLASS I CONCRETE STRUCTURES

COMPARISON OF PROGRAM USED ON DIABLO CANYON PLANT WITH REGULATORY GUIDE 1.15

DIABLO CANYON PLANT REGULATORY GUIDE 1.15

The number of test specimens required for accept-
ance is in accordance with ASTM A 615, Deformed
Billet-Steel Bars for Concrete Reinforcement, Amer-
ican Society for Testing and Materials. Additional
samples were tested as part of the splice testing
program. The requirements for acceptance testing
are more stringent than ASTM A 615 in that all
tests must be conducted using the full section of
the bar.

At least one full-diameter specimen from each bar
size should be tested for each 50 tons or fraction
thereof of reinforcing bars that are produced from
each heat and used in Category I structures.

Test procedures are in accordance with ASTM

A 615-68.
The test procedures should be in accordance with
ASTM A 370-68, Standard Methods and Definitions
for Mechanical Testin of Steel Products, American
Society for Testing and Materials.

Acceptance standards are in accordance with
ASTM A 615-68 using full sections of the bars as
rolled. Bend test requirements described in Item
3 below are more stringent than those in Supple-
mental Requirements (S-1) of ASTM A 615-72.

The acceptance standards should be in accordance
with ASTM A 615-72, Standard S ecification for
Deformed Billet-Steel Bars for Concrete Reinforce-
ment, American Society for Testing and Materials,
including Supplemental Requirement (S-l),* using
full sections of the bars as rolled.

0
+Supplemental Requirement (S-1) is for a 90
bend'est, using a pin diameter 10 times the bar
diameter, on No. 14 and No. 18 bars.
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In addition to the requirements of ASTM A 615, the
Company specification requires the following:

1. Grade 60 bars be limited in carbon and man-
ganese content to a maximum of 0.45 percent,
respectively.

2. Performance of a check analysis, which is
listed as an option in ASTM A 615.

03. No. 14 and No. 18 bars be subjected to a 90
bend test using a pin having a diameter eight
times the diameter of the bar.

Where any material property such as yield strength
to tensile strength ratio, ductility, weldability
or other similar property is relied upon by the
designer or constructor, then the reinforcing bar
chemistry should be controlled to the extent
required to achieve the desired material property,
and confirmatory testing should be performed.

Deformations were inspected during production to
assure conformance with ASTM A 615.

Deformations of the reinforcing bars should be
inspected to assure their compliance with ASTM
A 615-72 and with the licensee's specifications
pertinent to bonding and other purposes which are
dependent on the deformation characteristics.

Adequacy of deformations for splicing was
demonstrated by the tensile tests of the Cadweld
splices. See Table 3.8-2.

Adequacy of deformations for splicing will be
demonstrated by the tensile tests of the mechanical
splice. See Safety Guide 10, "Mechanical (Cadweld)
Splices in Reinforcing Bars of Category I Concrete
Structures.
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Prior to production splicing, each operator was
instructed by a representative of the manufacturer.

Each operator (a crew consisted of an operator and
a helper) prepared one qualification splice for
each of the splice positions for which he was qual-
ified. The qualification splice was made using the
same materials as those used in the structures.
The completed qualification splices had to pass
visual inspection and develop the minimum tensile
strength of the reinforcing steel. A manufac-
turer's representative was present for at least
the first 20 production splices for each crew to
verify that proper procedures were being used and
quality splices obtained.

1. Crew uglification — Each member of the splic-
ing crew (or each crew if the members work as a
crew) should prepare two qualification splices
for each of the splice positions (e.g., hori-
zontal, vertical, diagonal) to be used. The
qualification splices should be made using the
same materials (e.g., bar, sleeve, powder) as
those to be used in the structure. The com-
pleted qualification splices should meet the
requirements specified by the designer of the
containment structure and approved by the
licensee, pass visual inspection as provided by
Paragraph 2 below, and meet the tensile tests
as provided by Paragraph 3 .below.

All completed splices were visually inspected in
accordance with the recommendations of the Erico
Co. inspection manual RB-5M 768, Inspection of the
Cadweld Rebar Splice. This visual inspection
included both ends of the sleeve, the tap hole,
and measurement of void area.

In addition, at least twice daily for each Cadweld
crew, an inspector observed the entire splicing
operation including cleaning of rebar ends, spacing
of rebar, centering rebar in sleeve, loading the
crucible, and firing the charge. The Cadweld proce-
dure specified for the Diablo Canyon Plant includes
placing a mark 12 inches +1/4 inch back from the

2. Visual Ins ection — All completed mechanical
splices should be inspected at both ends of the
splice sleeve and at the tap hole in the center
of the splice sleeve in accordance with the
requirements specified by the designer of the
containment structure and approved by the
licensee.

Among the items which should be included in
-these specifications are longitudinal centering
of sleeve on the spliced ends,'llowable voids
in filler metal, extent of leaking of filler
metal, permissible gap between rebar ends, car-
tridge size, gas blowout, amount of packing and
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end of the bar. This line was used as a reference
to determine if the bar ends are centered in the
sleeve.

slag at the tap hole. Splices that fail to
pass visual inspection should be discarded and
replaced, and should not be used as tensile
test samples.

Acceptance criteria for splice tensile tests is as
follows:

No splice in the test series may have a tensile
value below 125 percent of the specified yield
point stress, and no more than 5 percent of the
splices tested may have an ultimate tensile
strength less than 85 percent of'hat specified.
The average tensile strength of all splices in
the test series must equal or exceed the ASTM

specified minimum ultimate strength.

3. Tensile Testin — Splice samples may be pro-
duction splices (i.e., those cut directly from
in-place reinforcing) or sister splices (i.e.,
those removable splices made in-place next to
production splices and under the same
conditions).

Splice samples should be subjected to tensile
tests in accordance with the sampling fre-
quency specified in Paragraph 4a or Paragraph
4b below, to determine conformance with the
following acceptance standards:

a. The tensile strength of each sample tested
should be equal or exceed 125 percent of
the minimum yield strength specified in the
ASTM standard appropriate for the grade of
reinforcing bar using loading rates set
forth in ASTM Specification A 370 dated
August 15, 1968.

b. The average tensile strength of each group
of 15 consecutive samples should equal or
exceed the guaranteed ultimate tensile
strength specified for the reinforcing bar.
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If any sample tested fails to meet the provi-
sions of Paragraph 3a above, the procedure of
Paragraph 5a below should be followed.

If the average tensile strength of the 15
samples tested fails to meet the provisions of
Paragraph 3b above, the procedure of Paragraph
5b below should be followed.

Testing frequency for each crew, position, and
grade of bar was as follows:

One out of the first 10 splices. This splice must
be a production splice for No. 18, Grade 60 bars
and a sister splice for other sizes and grade of
bar.

Three out of the next 90 splices for No. 18, Grade
60 bars and one out of the next 90 splices for all
other sizes and grades of bar.

Three out of second and subsequent 100 splice
units for No. 18, Grade 60 bars and one out of sec-
ond and subsequent 100 splice units for all other
sizes and grades of bar.

At least 25 percent of the total number of No. 18,
Grade 60 test splices must be made by cutting out
production splices on a random basis. The remain-
ing test splices may be made by having test bars

.4. Tensile Test Fre uenc — Separate test cycles
should be established for mechanical splices in
horizontal, vertical, and diagonal bars, for
each bar size, and'or each splicing crew as
follows:

a. Test Frequency for Production Splice Test
Samples. If only production splices are
tested, the sample frequency should be:

1 of the first 10 splices
1 of the next 90 splices
2 of the next and subsequent units of 100

'plices

b. Test Frequency for Combinations of Produc-
tion and Sister Splices. If production and
sister splices are tested, the sample
frequency should be:
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tie wired alongside the production bars and spliced
in sequence with those bars. The minimum length of
the spliced bars is 3 feet.

1 production splice of the first 10
production splices

1 production and 3 sister splices, for the
next 90 production splices

3 splices, either production or sister
splices, for the next and subsequent
units of 100 splices. At least 1/4'of
the total number of splices tested should
be production splices.

In the event a splice should fail the tensile test
criteria, the specimen was to be examined by a test-
ing laboratory. Based on the results of this inves-
tigation, additional splices by the crew responsible
as directed by the Engineer were to be taken from
the structure to insure that there are no other
defective splices. The procedures of the crew
responsible for making the failed splice were to be
reviewed, and if necessary, the crew retrained and
requalified.

5. Procedure for Substandard Tensile Test Results

a. If any production or sister splice tested
fails to meet the tensile test specifica-
tion of Paragraph 3a and the observed rate
of splices that fail the tensile test at
that time does not exceed 1 for each 15
consecutive test samples, the sampling pro-
cedure should be started anew.

If any production or sister splice used for
testing fails to meet the tensile test
specification in Paragraph 3a, and the
observed rate of splices that fail the ten-
sile test exceeds 1 for each 15 consecutive
test samples, mechanical splicing should be
stopped. In addition, the adjacent produc-
tion splices on each side of the last
failed splice and 4 other splices distri-
buted uniformly throughout the balance of
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the 100 production splices under investiga-
tion should be tested, and an independent
laboratory analysis should be made to iden-
tify the cause of all failures. The results
of these tests should be evaluated by the
designer of the containment structure and
the licensee to determine the required cor-
rective action. The designer and the
licensee should specify the extent of
repairs necessary and the actions required
to prevent further failures from the
identified causes.

b. If two or more splices from any of these
6 additional splice samples fail to meet
the tensile test specification of Paragraph
3a, the balance of the 100 production
splices under investigation should be
rejected and replaced.
When mechanical splicing is resumed, the
sampling procedure should be started anew.

If the average tensile strength of the 15
consecutive samples fails to meet the pro-
visions of Paragraph 3b above, the designer
of the containment structure and the
licensee should evaluate and assess the
acceptability of the reduced average ten--
sile strength with r'spect to the required
strength at the loc; t o. from which the
samoles were taken.
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1. Nondestructive Examination of Liner Seam Welds

For each welder and welding position, the first 10
feet of weld was examined radiographically. There-
after, a minimum of 10 percent of the welding (to
at least include all intersections of joints) was

progressively examined radiographically as welding
was performed. This was done on a random basis
with the location spe'cified in such a manner that
an approximately equal number of radiographs were
taken from the work of each welder. The techniques
of radiographic examination of welds were in
accordance with Paragraph UW-51 of Section VIII,
ASME Boiler and Pressure Vessel Code (ASME B&PV

Code). See Notes 1 and 2,

a. For each welder and welding position (flat,
horizontal, and overhead), the first 10
feet of weld, and one spot (not less than
12 inches in length) in each additional 50
foot increment of weld (weld test unit) or
fraction thereof should be examined
radiographically in accordance with the
techniques prescribed in Section V, "Non-
destructive Examination," of the ASME

Boiler and Pressure Vessel Code (ASME B&PV

Code). In any case, a minimum of 2 percent
of all liner seam welds should be examined
by radiography.

Where radiographic examination of liner seam welds
was not feasible, a minimum of 10 percent of the
welding (to at least include all locations where
there are welded backing strip splices and inter-
sections) was examined by magnetic particle or liq-
uid penetrant testing. Magnetic particle testing
was in accordance with Appendix VI of Section VIII,
ASME B&PV Code. Liquid penetrant testing was in
accordance with Appendix VIII of Section VIII,
ASME B&PV Code. See Notes 1 and 2.

b. Where radiographic examination of liner
seam welds is not feasible or where the
weld is located in areas which will not be
accessible after construction, the entire
length of weld should be examined by the
magnetic, particle method or by the ultra-
sonic method in accordance with the tech-
niques prescribed in Section V of the ASME

BP&V Code for such examination methods.
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All liner seam welds were tested for leaktightness
in accordance with the following method:

Immediately preceding the test, a soap solution
is applied to the weld. The application of the
soap solution must not precede the vacuum box
by more than 3 minutes. The vacuum box, which
contains a viewing window, is placed over the
area to be tested and evacuated to a 5 psi dif-
ferential with the atmospheric pressure.

Leak-chase-channels are installed over the liner
welds. Upon completion of one zone of leak-chase-
channels, the zone was tested at the containment
structure design pressure of 47 psi. The accept-
ance criteria is that there be no loss of pressure
within 2 hours as indicated by a pressure gauge.

c. All liner seam welds should be tested for
leaktightness in accordance with the fol-
lowing method (or other methods of
equivalent sensitivity):

Immediately preceding the test, a soap
solution (or other appropriate solution)
should be applied to the weld. A vac-
uum box containing a viewing window
should be placed over the area to be
tested and evacuated to produce at
least 5 psi differential with the atmos-
pheric pressure. Leaks in welds, if
present, should be detected by forma-
tion of bubbles. The solution used for
the test should have bubble formation
properties adequate for identification
of leaks. The test solution should be
checked every hour, with a suitable
test leak to verify the bubble forma-
tion property of the solution used.

d. Where leak-chase-system channels are
installed over liner welds, channel-to-
liner-plate welds should be tested for leak-
tightness by pressurizing the channels to
containment design pressure. If any indi-
cated loss of channel test pressure occurs
within 2 hours, as evidenced by a test
gauge, the channel-to-liner welds should be
soap bubble tested in accordance with the
above procedure.
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2. Nondestructive Examination of Penetration
Airlock and Access 0 enin Welds

All welds in penetration, airlocks, and access
openings that are not backed by concrete were fully
examined in accordance with Class B requirements of
Section III, ASME B&PV Code. See Notes 1, 2, 3,
and 4.

All welds between flued heads and pipelines were
fully examined in accordance with the Class II
requirements of ANSI B 31.7, Nuclear Power Piping.

a. All welds in penetrations, airlocks, and
access openings that are not backed by con-
crete, such as welds between penetrations
and flued fittings and pipelines, should be
fully examined in accordance with examina-
tion methods of NE-5120 of Section III of
the ASME B&PV Code employing the techniques
prescribed in Section V of that code.

Welds backed by concrete in the vicinity of
penetrations were examined as follows:

1. Welds between the penetration sleeve and insert
plate were fully examined in accordance with
the Class B requirements of Section III, ASME

B&PV Code. See Notes 1, 2 and 4.

2. Welds between the insert plate and the liner
were examined under the same criteria as liner
seam welds.

All welds backed by concrete in the containment
structure are carbon steel.

b. All welds in the vicinity of penetrations
and access openings that are backed by
concrete, such as welds between penetra-
tion and reinforcing plate,* penetration
and liner, reinforcing plate and liner,
liner insert and liner, reinforcing plate
and frames for airlocks and access open-
ings, and liners and frames for airlocks
and access openings, should be fully
examined (1) in accordance with Paragraph
2a above or (2) by magnetic particle, or
liquid penetrant when a nonmagnetic weld
is used, in accordance with the techniques
prescribed in Section V of the ASME B&PV
Code.

>Thickened liner insert which provides local
reinforcement.
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Examination of welds in penetration assemblies and
in the vicinity of penetrations is described in the
preceding paragraphs.

c. All welds in bellow type expansion joints
provided in penetration assemblies or
appurtenances to the containment vessel
should be magnetic- particle or liquid-
penetrant tested when a nonmagnetic weld is
used, in accordance with the techniques
prescribed in Section V of ASME B&PV Code

for such examination methods.

3. uglification of Welders and Weldin Procedures

The qualification of welders, welding machine
operators, and welding procedures was in accord-
ance with Section IX, "Welding Qualifications," of
the ASME B&PV Code. See Note 2.

The qualification of welders, welding machine
operators,'nd welding procedures should be in
accordance with Section IX, "Welding Qualifica-
tions," of the ASME B&PV Code.

4. uglification of Nondestructive Examination
Personnel

Nondestructive examinations were performed by
personnel qualified in accordance with the appro-
priate parts of the ASME B&PV Code, See Notes 1
and 2.

Nondestructive examination should be performed
by personnel designated by the licensee or his
agent and qualified in accordance with the pro-
visions of Section V of the ASME B&PV Code.

5. Selection of S ots for Radio ra hic Examination

The spots of liner seam welds to be radiographi-
cally examined were selected on a random basis with
the locations selected such that all intersections
of joints were examined, and an approximately equal
number of radiographs were taken from the work of

The spots of liner seam welds to be radiograph-
ically examined should be randomly selected,
but no two spots in adjacent weld test units
should be closer than 10 feet and their loca-
tions should be recorded.



TABLE 3.8-3

(Sheet 5 of 10)

NONDESTRUCTIVE EXAMINATION OF PRIMARY CONTAINMENT LINER WELDS

COMPARISON OF PROGRAM USED ON DIABLO CANYON PLANT WITH SAFETY GUIDE 19

DIABLO CANYON PLANT SAFETY GUIDE 19

each welder. The location covered by each
radiograph was recorded.

6. Time of Examination

Nondestructive examinations were done progressively
as welding was performed.

L

All examinations should be performed as soon as
practicable after the lineal increment of weld
to be examined is completed.

7. Acce tance Standards

a. Containment Liner Seam Welds Examined b
Radio ra h

Where a spot in the seam weld is )udged acceptable
in accordance with Paragraph UW-51 of Section VIII,
ASME B&PV Code, the entire weld test unit repre-
sented by this spot radiograph is considered
acceptable. See Notes 2 and 3.

Where a spot in the seam weld is judged
acceptable in accordance with the refer-
enced standards of NE-5120 of Section III
of the ASME B&PV Code, the entire weld test
unit represented by this spot radiograph is
considered acceptable.

b. Containment Liner Seam Welds Examined b
Ultrasonic or Ma etic Particle

Where a spot in the seam weld examined by magnetic
particle or liquid penetrant method is judged
acceptable in accordance with the acceptance cri-
teria referenced in Section VIII, ASME B&PV Code,
the entire weld seam represented by the examination
is considered acceptable. See Notes 2 and 3.

Seam welds examined by ultrasonic or magne-
tic particle methods are considered accept-
able provided the examinations meet the
acceptance standards referenced for such
examination methods in NE-5120 of Section
III of the ASME B&PV Code.
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c. Soa Bubble Leak Tests of Containment Liner
Welds

The acceptance criterion for the vacuum box test is
that no leaks be detected. Liner welds are considered acceptable pro-

vided no leakage is detected by soap bubble
tests (or by other methods of equivalent
sensitivity).

d. Penetration Airlock and Access enin
Welds

Penetration, airlock, and access opening welds that
are not backed by concrete are considered accept-
able provided the examinations meet the acceptance
standards referenced for Class B vessels in Section
III, ASME B&PV Code. See Notes 2, 3 and 4.

Welds between flued heads and pipelines are con-
sidered acceptable provided the examinations meet
the acceptance standards referenced for Class II
piping in ANSI B 31.7, Nuclear Power Piping.

Penetration, airlock, and access opening
welds are considered acceptable provided
the examinations meet the acceptance stand-
ards referenced in NE-5120 of Section III
of the ASME B&PV Code. Welds in bellows
type expansion points are considered accept-
able if the examinations meet the acceptance
standards referenced in magnetic particle
and liquid penetrant methods in NE-5120 of
Section III.

Welds between the penetration sleeve and insert
=plate are considered acceptable provided the exam-
inations meet the acceptance standards referenced
for Class B vessels in Section III, ASME B&PV
Code. See Note 2.
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8. Re air and Reexamination

a. Containment Liner Seam Welds Examined b
Radio ra h

If a radiographed spot failed to meet the specified
acceptance standards, two additional spots of the
same length were radiographically examined in the
same weld seam at locations away from the original
spot but in welds performed by the same welder or
welder operator. The locations of these additional
spots were determined as provided for the original
spot examination.

When a radiographed spot fails to meet the
specified acceptance standards, two addi-
tional spots should be radiographically
examined in the same weld test unit at
locations at least one foot removed (on
each side) from the original spot. The
locations of these additional spots should
be determined by the examiner using the
same procedure followed in the selection of
the original spot for examination and the
examination results should determine the
following corrective actions:

If the two additional spots examined'howed welding
which meets the specified acceptance standards, the
entire weld represented by the three radiographs is
judged acceptable. The defective welding, disclosed
by the first of the three radiographs was removed
and repaired.

(1) If the two additional spots examined
meet the specified acceptance standards,
the entire weld unit represented by the
three spot radiographs is considered
acceptable. However, the defective
welding disclosed by the first of the
three radiographs should be repaired by
welding.

If either of the two additional spots examined
showed welding which does not comply with the speci-
fied acceptance standards, the entire portion of the
seam represented was considered unacceptable or

(2) If either of the two additional spots
examined fails to meet the specified
acceptance standards, the entire weld
test unit is considered unacceptable.
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optionally the entire weld represented was com-
pletely radiographed and defective welding corrected
to meet the specified acceptance standards.

The entire weld should be removed and
the 5oint should be rewelded or,
optionally, the entire weld unit may
be completely radiographed and defect-
ive welding only need be repaired.

Repair welding was performed using a qualified
procedure. The rewelded joints or weld repaired
areas were completely reradiographed and meet the
specified acceptance standards.

(3} Repair welding should be performed
using a procedure as specified under
regulatory position 3. above. The weld
repaired areas in each weld test unit
should be spot radiographed at one
selected location to meet the accept-
ance criteria specified in regulatory
position 7.a. or 8.a. (1). above.

b. Containment Liner Seam Welds Examined b
Ultrasonic or Ma netic Particle

If a weld which had been examined did not comply
with the specified acceptance standards, additional
examination was performed to the same extent as
required for radiography. The weld was repaired
and reexamined in accordance with the provisions
of Section VIII of the ASME B&PV Code. See Notes
2:and 3.

When a weld which has been examined does
not comply with the specified acceptance
standards, the weld should be repaired and
reexamined in accordance with the provi-
sions of Section III of the ASME B&PV Code.
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c. Soa Bubble Tests of Containment Liner
Welds

If a weld was judged unacceptable because leakage is
detected by the soap bubble test, the weld was
repaired. Repair welding was performed using.a pro-
cedure qualified as specified for production welds.
The weld repaired areas were reexamined by soap
bubble leakage retesting.

Welds judged unacceptable because leakage
is detected'y the soap bubble test (see
regulatory position 7.c. above) should be
repaired. Repair welding should be per-
formed using a qualified procedure as
specified under regulatory position 3.
above. The weld repaired areas should be
reexamined by soap bubble leakage retesting.

If a weld was judged unacceptable on a penetration
sleeve airlock, or access opening, the weld was
repaired and reexamined in accordance with the .

provisions for Class B vessels of Section III of
the ASME B&PV Code. See Notes 2 and 3.

d. Penetration Airlock and Access enin
Welds

Welds judged acceptable in 'accordance with
regulatory position 7.d. should be repaired
and reexamined in accordance with the pro-
visions of Section III of the ASME B&PV
Code.

9. Records

Retention of records is discussed in Chapter 17. Records of radiographs and other nondestructive
examinations including those for repaired defec-
tive welds should be retained by the licensee
in compliance with the provisions of Section
XVII, "guality Assurance Records," of Appendix
B to 10 CFR Part 50, "Quality Assurance Criteria
for Nuclear Power Plants and Fuel Reprocessing
Plants."
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Notes:

1. Section V, ASME B&PV Code, which provides techniques for nondestructive examination applicable„to all
sections of the ASME B&PV Code, was first published in July 1971. Although it may eventually replace
the corresponding parts of other sections of the ASME B&PV Code, the individual sections still contain
techniques for nondestructive examinations.

2. References in the table to ASME B&PV Code for the Diablo Canyon plant refer,to 1968 Edition including
addenda through Summer 1968.

3. NE-5120, Section III, ASME B&PV Code requires examination technique and acceptance criteria in accord-
ance with Section VIII, ASME B&PV Code (Paragraph UW-51 for radiography).

4. Class B requirements of Section III, ASME B&PV Code specify radio'graphic examination and acceptance
criteria in accordance with Paragraph UW-'51, Section VIII, ASME B&PV Code.
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STRESS IN AUXILIARYBUILDING STRUCTURAL MEMBERS

TABLE 3.8-4
Page 1 of 5

Description
of Member

3'-0" x 3'-6
concrete beam

Location of'Member

From 2'-0" waU. — Col. g7

- Col. g8,'l. 137,

Total Allowable
Load Calculated. Stress

Combination Stress Ksi Remarks

D + L + DE 742 k-ft. 890 k-ft. Bending moment

3'-0" x 3'-0"
.concrete beam

Between col.„lines T and D + L + DE 998 k-ft.
U, 13'outh of col;
line 15, El. 137

1078 k-ft. Bending moment

1'-6" roof slab
~4

Between col. lines L and.

R, 15 and. 17-, El. 166
7'" D + L + DDE 59.7 k-ft. 84.6 k-ft. Bending 'moment

2'-0" concrete

T-beam

At col. line T, between
4'ol.line 17-,and. 18,

El. 115

E

D + L + DE 183 k-ft.. 283 k-ft. Bending moment

2'-6" concrete Liquid. hold-up tank

enclosure waU. along col.
line 15- between El. 557

and. 85

D + L + DDE 812 k ,-,„, 6950 k Shear
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Description
of Member Location of Member

Load
Combination

Total
Calculated

Stress

Allowable
Stress

Ksi Remarks

2'-0" concrete wall East wall of liquid hold- D + L + DDE 3674 k

up tank enclosure wall
along col. line V from

El.'5

29000 k Shear

2'-0" deep concrete Floor of control room

along col. line K between
6 3col. lines 16- and 17- -—

D+L+DE 372 k-ft. 395 k-ft, Bending moment

2'-0" concrete slab Floor of control room

between col. lines J

and K

D+ L+ DE 42.5 k-ft. Bending moment

M36 x 170 composite

beam

Roof of control room
7

between col. lines 15-

and 20- and H and L3

D+L+ DE

21.48 ksi 22 ksi

2.07 ksi , 2.25 ksi Compression in
concrete
Tension in
steel

(May 1974) Amendment 8

0



TABLE 3.8-4

Page 3 of 5

Description
of Member Location of Member

Total Allowable
Load Calculated. Stress

Combination Stress Ksi Remarks

1'-8" x 3'-0"
curved concrete

girder

Floor between col. lines S

and T and. 9- and. 6-,
El. 14o

D + L + DE 173 k-ft. 240 k-ft. Bending moment

73 k-ft. 163 k-ft. Torsional
moment

1'-6" concrete wall 45'orth of col. line 18 D + L + DDE 98 k
37'est of col. line R

above El. 140

1100 k Shear force

1'-0" concrete wall 29'orth of col. line 18 D + L + DDE 739 k
20'est of col. line R

above El. 140

3200 k Shear force

Concrete wall Column line V D + L + DDE 3674 k 29000 k Shear force

2'-0" concrete wall Column line H D + L + DDE 3578 k 21500 k Shear force

3'-0" concrete wall Column line 15- D + L + DDE 444 k 2250 k- Shear force



TABLE 3.8-4

Page 4 of 5

Description
of Member

Concrete column-

Location of Member

Column line K

Total
Load Calculated.

Combination Stress

D + L + DDE 1819 k

Allowable
Stress

Ksi

16500 k

Remarks

Shear force

2'-0" concrete wall Column line J D + L + DDE 1494; k 17500 k Shear force

Build-up crane

column

Column line 16- V D + L + DDE 0.800 1.0

W 14 x 74 Top and. bottom chords D + L + DDE 0.048 1.0

Angles

3x3x3/8
Truss bracing D + L + DDE 0.210 1.0

Angles

6 x 6 x 1/2

Diagonal bracing D + L + DDE 0.240 .1.0

Build-up section Runway girder D + L + DDE 0.320 1.0

2 - C 15 x 50 Horizontal strut D + L + DDE 0.180 1.0



TABLE 3.8-4

Page 5 of 5

Description
of Member

Angles

8 x 8 x 7/8

Location of Member

Top and bottom chords

Load
Combination

Total
Calculated

Stress

D + L + DDE 0.070

Allowable
Stress

Ksi

1.0

Remarks

Angles

6 x 4 x 3/8

Truss bracing D + L + DDE 0.980 1.0

Angles

6 x 6 x 1/2

Cord. bracing D + L + DDE 0.380 1.0

Angles

6 x 6 x 3/8

Sway frame - bottom chord. D + L + DDE 0.300 1.0

Angles

5 x 5 x 3/8

Sway frame - bracing D + L + DDE 0.680 1.0

W8x35 Sway frame - purlin D + L + DDE 0.230 1.0

D = Dead load DE = Load. from design earthquake
L = Live load DDE = Load from double design earthquake
+ = Allowable is AISC interaction formula percentage





STRESS IN INTERNAL STRUCTURE OF CONTAINMENT BUILDING

Table 3.8-5

(Sheet 1 of 2)

Description
of Member Location of Member

Load
Combination

Calculated
Stress

Allowable
Stress

L

Remarks

Rebar 8 3 ft.
Concrete Wall

4 ft. Concrete
Wall

Crane Wall:
1. Vertical Bar
2. Hoop Bar

Fuel Transfer Canal:
1. Wall 9 N & S from

El. 113'-1 1/2" to El.
140'-0"

2. Wall 8 W from
El. 113'-1 1/2" to El.
1401-0"

D + L + DDE + CP 22 Ksi
+ R + J + M 38 Ksi

D+L+DE+T 113 K.ft.

D + L + DDE + CP 403 K.ft.
+ R + J + M

51 Ksi
54 Ksi

403 K.ft. Allowable is
Bending Moment

161 K.ft.

2 ft. Concrete
Wall

3 ft. Concrete
Slab

4 ft..Concrete
Slab

Fuel Transfer Canal Wall
9 W from El. 88'-0" to El.
113'-1 1/2"

Fuel Transfer Canal Floor
9 El. 113'-1 1/2

Fuel Transfer Canal Floor
9 El. 104'-0

D+L+DE+ T

D+ L+DE+ T

D+ L+ DE+ T

50 K.ft.

89 K.ft.

— 133 K.ft.

121 K.ft.

112 K.ft.

161 K.ft.

6 ft. Concrete
Wall

Reactor Cavitf Wall:
1. Vertical Bar
2. Hoop Bar

D + L + DE + T 443 K.ft. 624 K.ft.
D + L + DDE + CP 249 K.ft. 252 K.ft. Allowable is

+R+ J+M Tension Force

3 ft. Concrete Floor 9 El. 140'-0
Slab

D+L+DE+T 69 K. ft. 93 K. ft. Allowable is
Bending Moment
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F

Table 3.8-5

(Sheet 2 of 2)

Des crip tion
of Member

4 ft. 6 in.
Concrete Slab

Location of Member

Floor 8 E1.140'0

Load
Combination

D + L + DDE + CP

+R+ J+M

Calculated
Stress

464 K.ft.

Allowable
Stress

524 K.ft.

Remarks

Allowable is
Bending Moment

5 ft. Concrete Floor 8 El.140'0
Slab

10 in.
Concrete Slab

D + L + DDE + CP

+R+ J+M

Annulus Platform 8 El. 130'0 D + L + DE + T "

474 K.ft.

15 K.ft.

528 K.ft.

16 K.gt.

1 ft..6 in.

21%73

21*62

12*40

12*65

Annulus Platform 9 El. 140'0 D + L + DE + T

Annulus Platform 8 El. 130'0 D + L + DE + T

Annulus Platform Column

32 K.ft.

22 Ksi

19 Ksi

17 Ksi

254 K

43 K.ft.

24 Ksi

24 Ksi

24 Ksi

268 K Allowable is
Axial Load

12*99

21*55

21*82

21+68

21*96

Annulus Platform 8 El. 140'-0

110 K

20 Ksi

ll Ksi

20 Ksi

19 Ksi

'366 K

24 Ksi

24 Ksi

24 Ksi

24 Ksi

* - Wide Flange



TABLE 3 '-7

TEST PROBLEM

COMPUTER PROGRAM VERIFICATION

DYBOX 2 PROGRAM

Com uter Out ut Hand Solution

Weight (KIPS)

Mass Moment of Inertia (KIP-Ft-Sec )
2

Torsional Rigidity (ft-K)
Area, X-X (ft)2

Area, Y — Y (ft )
2

Moment of Inertia, X — X (ft )
4

Moment of Inertia, Y — Y (ft )
4

Center of Mass from X — X axis (ft)
Center of Mass from Y — Y axis (ft)
Center of Rigidity from X - X axis (ft)
Center of Rigidity from Y - Y axis (ft)
Total Rigidity, X — X Direction (K/Ft)
Total Rigidity., Y — Y Direction (K/Ft)

3667

110,691

10166 x 10

168

133

24,696

12,578

19.7

54.2

20.0

44.2

1,614,000

1,183,781

3667

110,759

10288 x 10

168

133

24,696

12,578
e

19.7

54.2

20.0

43.5

1,614,000

1,247~000

(February 1974) Amendment 3
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TABLE 3.8-8
TEST PROBLEM

COMPUTER PROGRAM VERIFICATION

SHEARWALL 4 PROGRAM

A. Shear Stress (KSI), for 0.20 g Lateral Force

Wall 1, Pier 1

Wall 2, Pier 1

Wall 3, Pier 1

Wall 4, Pier 1

Wall 5, Pier 1

Wall 6, Pier 1

Computer Output

.006

.007

.007

.002

.008

.013

Hand Solution
.006

.007

.007

..002

.008

.013

B. Overturning Stress, (KSI), for 0.20 g Lateral Force

Wall 1, Pier 1

Wall 2, Pier 1,

Wall 3, Pier 1

Wall 4, Pier 1

Wall 5, Pier 1

Wall 6, Pier 1

—.004
—.003

.001

.003
—.003

-.004

—.004

-.003
.001

.003
—.003

-.004

C. Area of Steel (in. )
2

Wall 1, Pier 1

Wall 2, Pier 1

Wall 3, Pier 1

Wall 4, Pier 1

Wall 5, Pier 1

Wall 6, Pier 1

.12'09

.09

.09

.09

~ 12

.12

.09

.09

.09

.09

.12

(February 1974) Amendment 3



TABLE 3.8-9

TEST PROBLEM

COMPUTER PROGRAM VERIFICATION

STRAN PROGRAM

PLANE STRESS FINITE ELEMENT PROGRAM

Hand Solution* Finite Element Out ut*

25. 6 25. 6 25.9

f2 44.7 44. 7 45.2

f3 46. 9 46.9 47.4

-1. 6 -1. 6 -1. 0

a

9.8 9.8 9.7

* Stress, in KIPS per square inch

(February 1974) Amendment 3
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CONDITION (a) C = 1..00+ 0.050+ I.SP + 1.0 T"

CRACKED SECTION

LINER NOT- CONSIDERED LINER CONSIDERED

REBAR STRESSES

I 2 3

REBAR STRESSES

I 2

LINER STRESS

0'y 0'x waxy

ALLOWABLE STRESS

ELEVAT,ION

(ABOVE BASE SLAB)

57.0 57.0 57.0 57.0 57.0 57.0 VERTilCAL

o
O 0

213

211

39.4 20.6

38.0 .30.6

39.4

41. I

41.7

41.5

30.0

37.0

41.7

43. 7 -8.5 -9.4

-4.5 -18.7 0.0

3.2

204

193

178

160 .

36.8 42.5

38.5 42.2

39.4 41.3

38.6 34.3

42.4

36.3

30.9

38.6

41.4 44.5

42.2 44,3

42.7 43.4

42.'I 38.9

44.'4

40.8

37.3

42.il

-7.2 '-3.7

-6.:I

-7.8

-6.9 -10.5

0.0

1.4

3.2

0.0

142
" 38.9 55.7 '8.9 42.8 52.5 42.8 -7.5 3.1 0.0

38.6 46.8 38.6 42.4 46.9 42.4 -7.5 -2.6 0.0
MINUS SIGN INDICATES COMPRESSION

123 38.1 54.2 38.'I 42.3 52. I 42;3 -8.2 2.6 0.0

100 36.7 54.5 36.7 41.5. 52.3 41.5 -9,5 2.5 0.0

77 35.4 54.9 35.4 40.7 52.6 40.7 -10.6 2.4 0.0

22.7 55.2 22.7 31. I 52.5 31,1 -24.4 -1.2 0.0

32

12

21.7 55.6

21.:I 55.8

21,7

21.1

30.5 52.8

30.! 52,9

30.5

30.1

-25.4 -1.2

-26.1 -1,2

0.0

0.0

UNlTS I AND 2
Oleat o ca~Yo~~ St~a.

FIGURE 3.8-28A
CONTAIN(ENT STRUCTURE

EXTERIOR SHELL -STRESSES
ACCIDENT CONDITION 1

Amendment 2 January 1974
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4 = 04

CONDITION (b) C = 1.0D + 0.05D + 1.25P + 1..0 T' 1..25DE

CRACKED SECTION - LINER CONSIDERED

0 = 904

REBAR STRESSES LINER STRESSES REBAR STRESSES LINER STRESSES REBAR STRESSES

ISO'I

R STRESSES

ALLOWABLE STRESS

ELEVATION

(ABOVE BASE SLAB)

213 36.4 25.5

211 36.8 31.6

57.0

36.4

37.3

-7.0 -20.1

"10.5 -12.6

0.0

2.7

~y 5x waxy I 2 3 ay CFx Vxy
57.0 57.0 57.0

35.8 26.0

36.3 31.5

0.4

3.2

36.8 -6.2 27.4

38.3 -10.2 21.0

I 2

57.0 57.0 57.0

36..1 26.5 36.1

35.8 32.4 38.3

-T.8 .19.3

-11.2 -I 1.2

0.0

2.7

<y Ox Vxy

VERTICAL

qP

204

m 193

37.5 37.1

38.6 35:4

178 59.5 33.3

160 38.6 29.1

37.0 -9,0 -9.2

34.2 -9.1 11.9

31.8 -9.'6 -14,0

38.6 -6.2 -163

0.0

-1.3

-2.6

0.0

36.0 36.7

35.5 36.3

34.9 35.7

31.6 33.8

40.8 -9.7 -6.5

38.7 -10.4 -8.6

36.8 -11.6 -10,4

41.8 -9.7 -12.5

1.8

1.5

0.9

4,4

34;6 40.1 40.1

34.9 41.4 36.7

35.0 42.1 33.1

35.0 39.0 35.0

-IO.

-11'.3

4 3

-5,3

-13,3 -5.9

-13.1 -8.2

0.0

1.2

3.0

0.0

142 40.4 39.9 40.4 -5.5 -5.1 0.0 30.5 45.4 44.0 -l0.3 -0.9 6.2 34.2 50.9 34.2 -152 3.3 0.0 ALL STRESSES .IN KIPS/SQUARE 'INCH

132 40.7 33,0 40.7 4.6 -11.6 0,0 29.3 40.1 44.8 -10$ -6.1 7.1 33.1 46.1 33.1 -168 -1.6 0.0
, NINUS .IMII CATES CO%'RESS ION

123 41.4 40.1 41.4 -4.5 -4.2 0.0 28.5 44.5 45.5 II.I -1.6 7.8 32.3 47.9 32.3 -18.1 0.0 0.0

100 43.0 39.9 43.0 -2.6 3.9 0.0 25.6 44.7 46.9 -12.6 -1.7 9.8 29.5 49.7 29.5 22.7 0.6 0.0

n
I- 77

o
54

44.2 39.0

35.7 37.4

44;2 -1.4 4. 4

35.7 -13.2 8.9

0.0

0.0

23.7 44.8

16.4 44.8

47:7

38.2

13.9 -1.8

5.8 -4.8

11.0

10.0

26.9 50.3 26.9

19.2 50.2 19.2

-26. 0.3

37. -2 5

0.0

0.0

32 37.5 39.4 37.5 -11.2 6.4 0.0 14;2 45.0 39.3 27.0 -4.8 11.5 15.9 50.8 15.9 43.0 -3.2 0.0 0 = 904.

12 38.4 37.0 38.4 -9.8 8.4 0.0 13.1 45.0 40.5 8.0-4.8 12.6 13.9 53.5 13.9 A6.2 -1.3 0.0

1804.

UNITS I AND 2
DIABLO CANYON SITE:

FIGURE 3.8-28B
CONTAItMENT STRUCTURE, EXTERiOR

SHELL STRESSES — ACCIDENT
CONDITION 2 - LINER CONSIDERED

Amendment 2 January 197
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ALLOWABLE STRESS

ELEVATI M
(ABOVE BASE SLAB)

I 2 3

57.0 57.0 57.0

0'y 5x Vxy I 2 3 Oy ax 'waxy I 2 3

57.0 57.0 57.0 57.0 ?.0 57.0

213 30.0

211 30.4

20.8

26.0

30iO -7.6

30.6 -'ION

IS.5

12.3

0.0 29.2

2.2 29;8

21.4

25.7

30.4 -8.1

31.7 -10.8

-18.0

-I 1.5

.0.5 29.6

2.8 29. I

22.0

26.8

29.6

31.8

CONDITION (C) C = I.OD + 0.05D + 1.$ ' 1.0 T + 1.0 DDE

CRACKED SECTION - LINER CONSIDEREO

0 = 904

REBAR STRESSES LINER STRESSES REBAR STRESSES L I NER STRESSES REBAR STRESSES

-8.6 -17.6 0.0

-10.7 2.2

180
'I

R STRESSES

a'x
waxy

VERTICAL

I

o 204
O

193

31.6

33.0

178 33.8

160 32.6

30.0

27.5

25.3

21.2

29.9

27.6

26.0

32.6

-8.8

-8.6

-8.8

5.6

-10.2

-l3A)

-15.1

-'17 A

0:0 29.6

I.O 28.7

2.0 27;4

0.0 23.0

29.7

29.2

28.4

28.0

34. I -10,0

33. I -10$

32.4 -11.7

37.2 -10.4

-7. I

-8.6

-10.4

-11.9

1.9 27.8

2.2 27.6

2.5 27;4

6.2 27.8

33.9

35.7

37.2

35.3

27.5

27;8

-14.1

-14.9

33.9 -10 9

30.7 -12.0

-3.9 0.0

-4.2 1.0

-4.1 2.6

-5.7 0.0

BAR g2

142 34.5

132 35.2

30.2

27.6

34.5

35.2

-4'.7

-3.8

-8.1

-10.2

0.0 21.4

0.0 20.0

37.4

33.4

39.8 -10.8

40.8 -112

-2.5

-6.3

8.'4 26.8

9.6 25.5

44.6

38.4

26.8

25.5

-16.8
I

-18$

3,1 0.0

-3.2 0.0

ALL STRESSES IN KIPS/SQJARE INCH

123 36.2 30.2 36.2 -2.9 -7.1 0.0 18;7 36.2 41.7 -12.0 -3.4 10.6 24.4 40.6 24.4 20.6 -1..2 0.0
MINUS SIGN INQICATES CQ%'RESSION

100 39.1 39.1 0.5 -6.0 0.0'5.6 36.4 43.8 -13.4 -3.5 12,9 20.1 42;7 20.1 27.6 -0 8 0.0
EARTHQUAKE OIRECT,ION

O
77

o
Pl 33.4

29.6

28.7

40.5

33.4

1.9

-8.0

»6..1

-9.4

0.0

0.0

12.3

6.8

36.5

36.4

45;8 -15.0

38.2 -248

-'3,6

-5.9 14.4 10.5

15.3 17.8

44.3

17.8

10.5

1.7

1.9

-1.2 0.0

-2.6 0.0

32 34.5 29' 34.5 -6.4 -8.2 0.0 .6.1 35.9 41.7 -258 -5.9 16.3 6.3 44.5 6.3 '.2 -4.0 0.0

12 35.6 28.6 35.6 -6,9 -8.7 0.0 12.4 32.9 51.,1 -268 -5.9 17,7 0.3 47.9 -0.3 4.1 -3.1 0.0

UNlTS I AND P.

DIABt 0 CANYON SlTE
FIGURE 3.8-28C

CONTAINMENT STRUCTURE, EXTERIOR
SHELL STRESSES — ACCIDENT
CONDITION 3 — LINER CONSIDERED

Amendment 2 January 1974
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CONDITION (C) C 1.00 0.050 + I.OP.+ LO T I ODDE

CRACKED SECTION - LINER NOT CONSIDERED

0 ='04 0 = 904 0 ~ 1804

REBAR STRESSES

I 2 3

REBAR STRESSES

I 2 3

REBAR STRESSES

I 2 3

ALLOWABLE STRESS

~ ELEVAT.ION

(ABOVE BASE SLAB)

57.0 57.0 57.0 57.0 57.0 67.0. 57.0 57.0 57,0 VERT,ICAL

213

211

193

178

160

26.5

26.5

28.3

'30.7

31.6

30.4

12.6 26.5

19;4 26.1"

12.1 30.4

24.6 24.6

20.7 21.3

17.5 19.9

25. I

25.6

24.3

22.7

20;3

13,3

13.7 27.0

19.0 28. I

24.4 32.2 ~

23.4 31.2

22.1 30.6

23.4 37.6

25.6

-24.2

20.8

20.8

20.8

20.8

14.7 25.6

20.9 28.1

32.1 32.0

35.0 26.8

38.3 21.4

35.5 20.8

BAR 52

I'42

132

32.9

34.3

26.5 32.9

24.0 34.3

.8.9

6.4

'38.0 42.8

32.3 44.8

18.8

16.8

49.5

39,5

18.8

16.8

ALL STRESSES IN KIPS/%@ARE INCH

EARTIIOUAKE DIRECTION NIHUS SIGH INDICATES CPg»RESSION

123 36.0 27.5 36.0 3.9 36.2 46,4. 14.7'2.6 14.7

100 40.9 27.4 40.9 -1.8 36.4 50.1 7.1 45.8 7.1
0 ~ 04

77 43.5 26.5 43.5 -7.7 36.7 54,0 2.9 46.6 3.0

31.9 25.6 31,9 -9.3 36.8 39,7 -3.1 48.4 -3.1

32 33.5 26.6 33.5 -10.5 '36.0 45.1 -9.4 48.8 -9.4

12 35.2 25.3 35,2 31.5 59.4 -19.4 53;8 -19.4

UNITS I AND 2
DIABLO CANYON SITE

FIGURE 3.8-28E
CONTAIRKNT STRUCTURE, EXTERIOR
SHELL STRESSES — ACCIDENT CON-

DITION 3 — LINER .NOT CONSIDERED

Amendment 2 January 1974
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CONDITION (b) C = l. OD + Q.050,+ 1.25P + 1. 0 T' 1. 25DE

CRACKED SECTION - LINER NOT CONSIDEREO

0 ~ 1804

REBAR STRESSES

I 2 3

REBAR STRESSES

I 2 3

REBAR STRESSES

I 2 3
ALLOWABLE STRESS

ELEVAT;ION

(ABOVE BASE SLAB)

213

211

57.0 57.0

33. I 16.2

32.8 24.5

57.0

32.9

57.0 57.0

32.0 17.0

32.1 24.3

57;0

33.5

34.7

57.0 57.0

32.4 17.9

31.0 25.8

57.0

32."4

34.7

VERT, I CAL

oo
Pl

204

193

178

160

33.5 .32.2-

35.5 29.5

36.7 26.7

35.9 20.9

32. I

27.9

25.1

35.9

30.7 31.7

29.6 31.0

28.6 30.2

23.4 28.8

39.1

36.0

33.3

40.9

27.8 38.0

28.7 40.2 .

.29.1 42.0

28.7 37.3

37.9

32.2

26.4

28.7

142

132

38 I 38.1

39.1 -28.9

38. I

39. I

20.0 46.8

17.9 38.9

44;9

46.5

26.8 55.6

25.1 47.6

26.8

25.1

ALL STRESSES IN KIPS/SQUARE INCH

141NUS SION INOICATES PRESSION

123 .39.9 38.9 39.9 16.2 45.1 47.7 23.6 .50.1 23.6

A
I

o
m 77 44.8 37.1

100 = 42.7 38.4 42.7

44.8

II.I 45.4

7.7 45.7

50.3

51.8

18.5 52.7

14.0 53.7

18.5

14.0

54

32

31.9 35.3

34.5 37.9

31.9

34.5

2.0 46.0

-1.4 46.3

36 '

37.8

6.8 53.9

1.7 54.8

6.8

1.7

~*90

12 35.9 34.6 35.9 -3.1'6.3 39.6 -1.4 58.7 -1..4

4 6 1804

UNITS I AND P.

DIABLO CANYON SITE
FIGURE 3.8-28D

CONTAINMENT STRUCTURE, EXTERIOR
SHELL STRESSES — ACCIDENT CON-
DITION 2 — LINER NOT CONSIDERED

Amendment 2 January 1974
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UNITS I AND 2
DIABLO CANYON SITE

FIGURE 3.8-28F
COMPUTER PROGRAM VERIFICATION

STRAN AND FINITE ELEMENT PROGRAM

TEST PROBLEM MODEL

Amendment 3 February 1974
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FIGURE 3.8-28G
COMPUTER PROGRAM VERIFICATION

PLH800 PROGRAM
TEST PROBLEM .MODEL AND RESULTS
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NOTE5 FOR FIELD IN5TALLATION

I. RFMOVF M)LL 5CALE ANP
POLI5H REBAR 5VRFACE IhlbIDE
OF PIAMOND ARE.A

2; BOND SI4llA A55EMSLY TO
POLI5HED RESAR

9. PLACE 5EALANT AhlP PROTECTIVE.
COVE.R OVE.R SHIM A5$ EhhSLY.

Q%

p'C

y
gyC

SHlhA A55EMSLY

JPE

UNITS I AND 2
DIABLO CANYON SITE.

FIGURE 3. 8-29

CONTAINMENT STRUCTURE

TYPICAL REBAR .STRAIN GAUGE
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