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1.0

INTRODUCTION

This document presents the results of an evaluation of reactor
coolant system components and supports when subjected Lo loads
resulting from postulated pipe ruptures.

In May of 1975, it was determined by one applicant that asymmetric
loading resulting from a postulated pipe rupture could have a
significant effect on reactor vessel supports. Investigation of
those supports and of other reactor coolant system components and
supports utilizing the existing criteria for postulating pipe

breaks and the existing methods of analysis led to further questions
concerning the adequacy of the components and supports to withstand
the effects of postulated pipe ruptures.

In January of 1978, Baltimore Gas and Electric, Consumers Power,
Northeast Utilities, and the Omaha Public Power Distric* were
requested to reevaluate the reactor pressure vessel; fuel assemblies
(including grid structures), control rod drives; emergency core
cooling piping attached to the primary coolant pipe; primary

coolant piping; reactor vessel, steam generator, and pump supports;
reactor internals; and the biological shield wall for Calvert Cliffs
1 and 2, Palisades, Millstone 2, and Fort Calhoun.

In August of 1978, an evaluation plan was submitted to NRC describing
the methods and codes to be employed in the evaluation.

The progress of the evaluation has been presented to NRC at various
meetings since August during which interim results for various
components were discussed.

In February of 1980, an interim report detailing the evaluation for
the reactor pressure vessel, emergency core cooling piping, primary
coolant piping, and reactor vessel, steam generator, and pump
supports was submitted to MNRC.

This document repeats the evaluations presented in the interim report
and includes additional detail of these evaluations. In addition the
evaluation of fuel assemblies (including grid structures), reactor
internals, control rod drives, and the biological shield wall are
presented.
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2.0

NONENCLATRUE AND ABBREVIATIONS

Major Components of the Reactor Coclant System
Reactor Coolant Pump

Reactor Vessel

Steam Generator

Control Element Drive Mechanism

Emergency Core Cooling System

Core Support Barrel

Upper Guide Structure

2,0-1

RCS
RCP
RV

CEDM
ECCS
CSB

UGS
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4.0 DESCRIPTION OF EVALUATION

4.1

Summary

This document presents the results of the evaluation of reactor
coolant system components and supports when subjected to loads
resulting from postulated pipe ruptures for Calvert Cliffs 1 and
2, Fort Calhoun, Millstone 2 and Palisades.

The evaluation of the components and supports demonstrates that
they are adequate to withstand the loads resulting from postulated
pipe ruptures.

Section 4.2 of this document describes the methods of calculating
break area as a function of time and presents the resultant areas

and opening times for the postulated pipe ruptures. These areas

and opening times form the basis for analyses described in subsequent
sections.

Section 4.3 of this document describes the methods of calculating
mass and energy releases from the postulated pipe breaks and
resultant subcompartment pressure differences across components and
walls (External Asymmetric Loads).

The resultant pressure differences are presented. These represent
one of the forcing functions acting on components and walls.

Section 4.4 of this document describes the methods for caiculating
reactor vessel internal pressure differences and flows resulting

in forces on the reactor internals and the reactor vecsel (Internal
Asymmetric Loads). The pressure distribution in the reactor vessel
as a function of time and the drag loads on the CEA shroud are
presented. These represent forcing functions on both the reactor
vessel and the reactor internals.

Section 4.5 of this document describes the methods for calculating
the reactions on the reactor coolant system supports, intact piping,
and components in the intact loop due to the imposition of thrust
forces, external asymmetric loads and internal asymmetric loads
from the pipe breaks described in Section 4.2. The calculated
reactions were compared to the load carrying capability of the
supports and components.

For the reactor vessel supports, the calculated loads as a function
of capability range from 34% for the outlet guillotine on Calvert
Cliffs and Millstone 2 to 81% for the inlet guillotine on Fort
Calhoun,

For the steam generator supports, a modification to the Fort
Calhoun supports was performed. This modification consisted of
replacing the 3 3/8" diameter rods of A36 steel with 4 1/4"
diameter rods of C1018 steel. The interface connection at the
rods was unchanged. With this modification, all supports for

the Fort Calhoun steam generator supports are shown to have
adequate margin,

The loads on the steam generator supports for Calvert Cliffs,
Milistone 2, and Palisades do not exceed the load which would
result in yielding of the material.

4.1-1



The calculated loads . . reactor coolant piping and components
nozzles are below the load carrying capability as defined by
the ASME Code, Section III, for Faulted Condition for elastic
analysis.

Section 4.C of this document describes the methods of analysis
for reactor internals and presents the results on each of the
component parts of the reactor internals in terms of margin to
allowable stress in accordance with the limits for Faulted
Condition of the ASME code, Section III for elastic analysis.
tach component part shows positive margin.

Section 4.7 of this document describes the methods of analysis

for fuel and the fuel testing performed. The detailed results

of the analysis are presented in Appendix A for the CE fuel for
Calvert Cliffs, Millstone 2 and Fort Calhoun.

An evaluation of the fuel components shows that, except for grids in
the outer row of fuel, all components, inciuding grids in the interior
bundles, can withstand the calculated lcads. Specifically, the load
on 2 grids in the outer fuel bundles exceeds the rated load for
unirradiated grids for Calvert Cliffs and Millstone 2 by a maximum

of 47 % and the load on one grid in the outer fuel bundles exceeds

the rated load for unirradiated grids for Fort Calhoun by 6 %.

None of the spacer grid rated loads for irradiated materials are
exceeded. In addition, in order to demonstrate core coolability

for the outer row of bundles for which arid capability for uni radiated
material has been exceeded, a reduced channel ECCS evaluation oi this
bundle is being performed. This evaluation is described in Appendix E.
Appendix B presents a preliminary evaluation of the Palisades fuel and
describes the steps to be taken to finalize the fuel analysis.

Section 4.8 of this document describes the methods of evaluation
for the control element drive mechanisms and the results of the
evaluation. The results show that pressure boundary integrity
of the CEDMs when subjected to vibratory motion as a result of
pipe rupture is maintained.

Section 4.9 of this document describes the methods of evaluation
for the emergency core cooling piping attached to the primary
coolant pipes. The results shows that the calculated loads are
within those allowed by the ASME code Section III, for Faulted
Condition. The regions of high stress have been evaluated to
determine functionability; the maximum plastic strain is less
than 2% in these regions. Functionability is not impaired

at these strain levels.

Section 4.10 of this document presents the evaluation of the

primary shield wall. For Calvert Cliffs and Millstone, the
capability of the wall to withstand the applied loads has been
demonstrated. For Fort Calhoun, it has been determined that

the calculated loads exceed the design loads. An evaluation

of the capability of the primary shield wall for Fort Calhoun

leads us to conclude that adequacy of the wall could be demonstrated
by state of the art analytical methods. We believe that such an

4.1-2



analysis is unwarranied and instead propose to show, by fracture
mechanics techniques, that the postulated pipe break is incredible
and that the primary shield wall is capable of withstanding the
largest credible pipe break predicted by those techniques. The
plan for fracture mechanics evaluation is presented in Appendix

D. In addition, a feasibility study of adding pipe whipping
restraints to the Fort Calhoun pump discharge piping to reduce
break size has been performed and is presented in Appendix C.

The analysis of the Palisades reactor cavity shield wall is currently
being performed by Bechtel Power Corporation, Ann Arbor, Michigan.
The time dependent reaction forces at the component supports from
a Palisades plant specific analysis were sent to Consumers on June
24, 1980. The cavity wall analysis should be completed by Mid
August and the report should be submitted by August 29, 1989.
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4.2

PIPE BREAKS

4.2.1

4.2.2

DESIGN BASIS

As stated in Reference 3.21, quiliotine ruptures were
postulated to occur at the following locations:

a) Reactor Vessel llot Leg Nozzle
b) Reactor Vessel Cold Leg Nozzie
¢) Steam Generator Outlet Nozzle
d) Steam Generator Inlet Nozzle

METHOD OF ANALYSIS

For each postulated quilletine, a dynamic non-linear time
history analysis was pnrwur ed using methods discussed in
Reference 3.1. Each analysis g;rera.“d pipe end deflection
time histories, from which flow area time histories and
maximum flow areas were mechanistically determined.

Calvert Cliffs was selected as the model! plant to be used

in the generic analysis. For each postulated break, asscssments
were made for Millstone, Palisacdes and Fort Calhoun, These
assessments are explained in Section 4.2.4,

4,2.2.1 Generic RV Qutlet Hozzle Gt Guillotine Aralvsis

A three-dimensicnal model of the reactor coolant

system was constructed using lumped mass parameter
techniques. The mathematical medel represents the

total Reactor Coolant System (RSC) mass and st iffness,
with discontinuity at the Reactor Vessel (RV) outlet
nozzle. The model is shown in Fiqure 4.2.1. It contains
lumped mass representations of the RV, both Steam Gener-
ators (SG). all four Reactor Coolant Fu‘ps (RCP), »nd
piping of the 1A and 1B cold legs as well as mass detail
of the ruptured hot leg, The non-linearities of the RV
gapped supports are represented as in the SG #2 lower
gapped support parallel to the hot leg. The lower support
system of SG #1 was modelled in detail, and includes the
non-lincarities of the lower stop and all four vertical
pads in order to calculate its movement following thL
postulated rupture. The resulting model consists of 71
mass dynamic degrees of freedom (d.d.o.f.) and 8 non-
linear support lccations,

The physical definition of the resultinc model was supplied
in the STRUDL computer code Reference 3.2 which generated

the condensed stiffness matrix., This matrix, alomu with

the mass definition, capped suoport definition, damping,

and a set of three-dimensional time history forcing functions
as discussed and developad in Reference 3.1 was supplied

to the DAGS computer code (Reference 3.4). DAGS cenerated
the severed pipe end deflection time history as well as

the deflection time history of the safe end of the RV outlet
nozzle.

4.2.1



4.2.3

4.2.2,1 Generic RV Outlet Mozzle Guillotine Analysis (Cont'd)

Each time history was supplied to a DAGS post-
processor, which generated flow area time history
contributions of each end of the severed pipe, from
which a conservative flow area and rise time were
determined for this rupture.

4.2.2.2 Generic RV inlet Mozzle Guillotine Analysis

The details of mathematical model analyzed (Figure 4,2.2)
were essentially the same as those for the RV Outlet
Nozzle Guillotine, except that the discontinuity of
the piping was represented at the 1A loop RV inlet
nozzle safe end, and creater mass detail was included
at the 1A loop RCP discharge lea. The time history
forciny function was applied at the rupture location.
This model consists of 62 mass d.d.o.f.'s and 8 non-
linear support locations, Analysis techniques similar
to those used for the RY outlet nozzle guillotine were
used for this rupture to determine the flow area and
rise time,

4.2.2.3 Generic SG Outlet Nozzle Guillotine Analysis
The severance of the pipe from the 1A loop SG outlet
nozzle was modelled, and agreater mass detail was in-
cluded at the 1A loop RCP suction leg (See Figure 4,2.3),
This model consists of 75 mass d.d.o.f,'s and 8 non-
linear support lccations., Using techniques outlined
in Section 4,2.2.1 the flow area and rise time were
determined for this rupture.

4.2.2.4 Generic SG Inlet Nozzle Guillotine Analysis

The discontinuity of the hot lea pipe at the SG #]

inlet nozzle safe end was modelled, and greater mass
detail was included at the hot leq. Effects of plasticity
in the ruptured hot leg were included in the model at

the RV outlet nozzle safe end and hot leg pipe interface
(See Figure 4.2.4), and these effects weve included in the
rigorous time history analysis. This model contains

75 mass d.d.o.f.'s and 7 qapped support locations. As

in the RY hot leq nozzle quillotine analysis, flow area
contributions of both the companent nozzle and the

severed pipe end were generated on a time history basis,
and the flow area and rise time were determined,

RESULTS OF THE GENERIC ANALYSIS

The results of the generic flow area analysis are summarized in
Table 4.2-1. It can be noted from this summary that the SG outlet
nozzle quillotine and the RY inlet nozzle quillotine result in
full double-ended circumferential vuptures, The hot leqg nozzle
guillotine ruptures develop less than full area breaks because

of the inherent strength of the hot leg piping and the stiffness
of the supports of the major components,
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4.2.3

4.2.4

RESULTS OF THE GENERIC ANALYSIS (Cont'd)

A1l four cases show rise times equal to or greater than

20 milliseconds. Pipe motion contributes almost all the
motion, and except for the RV outlet quillotine case, the
components do not move appreciably as compared to the pipe,
For the RY outlet guillotine, the pine motion relative to
the components is small. SG motion is the major contributor
and total break area development is small.

PLANT SPECIFIC FLOW AREA EVALUATIONS

Table 4.2-2 shows results of the specific operating plants
for flow areas and rise times,

4.2.4,1 Calvert Cliffs 1 & 2

The Calvert Cliffs plant was used as the basis for

the generic flow area analysis models, therefore,

the generic results are directly applicable to Calvert
Cliffs.

4.2.4.2 Millstone 2
The Millstone 2 plant is identical to Calvert Cliffs
in RCS piping, component size and layout, therefore
the generic results are directly applicable,

4,2.4.3 Palisades

An evaluation of the flow areas and respective ricc
times of the Palisades RCS was made by compariscn o
the Palisades plant RCS gecmetry and size to that of
the generic plant, It was found that for parameters which
control the flow areas and rise times; ie,, pipe size

and weight, pipe layout and length, system pressure, and

SG and RV support schemes, the Palisades plant was virtually
jdentical to the generic plant. Therefore, the results for
the generic plant results are directly applicable.

F
i
i 3
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4.2.4.4 Fort Calhoun
An evaluation of the flow areas and respective rise times
for the Fort Calhoun RCS was made by comparison of the
Fort Calhoun plant RCS parameters to those of the generic
plant. The results of these comparisons follow,

Guillotine

The similarity in layout and length between

the Fort Calhoun cold lea Toop and the generic
vop resulted in full double ended break flow

areas for each of these ruptures, Because Fort

Calhoun's cold leq pnipes have 24" inside diameter

as compared to the 30" inside diameter for the

generic plant, a full arca break for the Fort

4.2.3



4.2.4.4.1

4.2.4.4,2

RV Inlet Nazzle Guillotine and SG Outlet

sz7]o(vn|lntnn‘((ox")

2

Calhoun plant is 905 In",

In order to evaluate the rise times for these

two ruptures, the natural frequency of the re-
sulting cantilevered culd lea for Fort Calhoun
was compared to tie generic cold leg to determine
how quickly the “’pn can respond (i,e., move

away from the component to create flow area)
following the p1"o teasicn yn101<c That is,

the rise time is a direct function of the pipe's
fundamental frequency. Since it was determined
that both the Fort Calhoun and the generic thrust
forces were each large enough to cause full area
breaks, the ampiitude of the thrust would only

be a minor factor in rise time evaluation, and
Fort Calhoun's smaller thrust would only have a
slowing effect on the rise time,

The fundamental frequency for the Fort Calhoun
pipe was compared to the fundamental freauency
for the generic plant pipe by comparing parameters
for each cold leg. The fundamental frequency

(f) is proportional to mass (M), pipe length

(L), and pipe bending moment of inertia (I):

By computation:

Mee cathoun = 9% Mgenericd M = +59

Iee, cathoun = 3% Tgeneric? 1 ° 43

Lk, calhoun 9C% Leaneric? L' = .90
fFt. cathoun” \ // Pm Feeneric
th. Calhoun x( gl Qc;( ) fGenorfg
th. Calhoun 19999 f ‘Generic

Rise times for the two Fort Calhoun cold leg
nozzle guillotines postulated were, therefore,
evaluated to be virtually the same as those
for the generic plant., They are presented in
Table 4,2-2.

RV Outlet h.>zle Gu111of1nn and SG Iniet Ho;.1e

Gu1]]0t1no

Fort Calhoun's steam aencrator and reactor
vessel support and accident restraint systems ave
entirely different than the generic piant's
systmes, and the strength and stiffress of the
hot 1eg piping is lower than the generic plant, Fer
these reasons, a plant specific analysis for
Fort Calhoun was perforned,

4.2.4



1°Zz4h FHNDS

o ¥
/ J
| Ot ——
// | L4 s /| LY //
eed! " ' .
ik = Vet
[NIVIL\ b= t <> - Vl:\o/ \ i
» o‘\
\ |
—Q— r|||.l||L !
-
n—
| b}
3 |
© |
|
]
e O
i
(]

Yy N
’ /

4.2.5



Z°Z £ 3509/

N

Y, / - /

/ /

‘.6.\, 4 46 o ;

. / / 3
| LD P =5 ke
° LT A7 <
| | F o o 4 /

. - nd /
I ,V«\b F
i
\\ /ﬂ\

/

e e -~ & S99 Al F 977 NS/
Y& 1 INILY 1Y F T ELEEGV L J N g
AVISO



£7 # INNOIS

\ O A e / e i
¥ 37 / Y c
. | ¥ /1l
- _ F 5y e .
s td | | S O SN, i ZVo0) oy
diid | ¢ ..( v.o af ’F Y N\ ~yicd .
rre > <

YLK T A T S 7 IS v bl Y 9 .12 Wl
AV IS IIN T AU riled J s VAITT O



b Th INNIS

2.8

! AN 7
SAIoNY ViV

e e S R TS S SRR T FINT ©C

XIS INILOTTHD FI1ZZON LIJINI 5




Il B T - aE - N SE AR IR AN - T EE B B B B .

TABLE 4.2.4-1

GENERIC PLANT

PIPE BREAK AREAS AND BREAK OFPENING TIMES

REAK FLOW AREA | RISE TIME
POSTULATED RUPTURE EWIEATE S EERE e
Civ?) ‘ (/\r!,‘LL/\Sé'CO‘VDS)
RV INLET GUILLOTINE /Y14 =20A 23
3 e 0 St ot et I L LR e i
- RV OUTLET GUILLOTINE /35—~ _..9A 20
SG INLET GUILLOTINE 1000 = I .4 A ‘. 24
St A0 satinnaiod a0, VORE ) ot |
|
S6 OUTLET GUILLOTINE 1414 = 20A ! 20
| s
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TABLE 4.2.4 -Z

PLANT SPECIFIC

PIPE BREAK AREAS AND BREAK OPENING TIMES

FOR MASS AND ENERGY 4 /?ELE/‘L)ES

1 |

oL ey

POSTULATED RUPTURE ‘ CALVERT CLIFFS* | MILLSTONE™ | PALISADES | FORT CALHOUN
| | | |
RV INLET (IN?) | 1414 Y1 1414 ‘1 qo5 (2.04)
TIME (/vsec) ‘ 23. B - # | 23. | 2.
RV OUTLET (IN?) | 135 O | 135 | IN PROGRESS
TIME (M5£c) | 0. |2k | 20. 1
s i - =i RIS SONISHREREE } S ! e
| | . |
56 INvLET (IN?) | /000 . 1000 | 1000 | IN PROGRESS
TIME (Mscc) | 24. 24 | 2 |
It et | e (
56 ouTLET (IN?) | 1414 T 1414 | 905 (2.04)
71ME (MSEC) \ 20. ll 20. | 20. l\ 20.
- I 1 i

¥ CENERIC PLANT



