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4.5 REACTOR VESSEL, RC PIPE, AND RCS SUPPORTS
w -- -

4.5.1 DESIGN BASIS -S '
. .

The analysis described herein was performed to evaluate
the response of the reactor coolant system (RCS) majorI components to forces associated with design basis pipe
ruptures. The design basis pipe breaks for this analysis
are defined in Section 4.2. Associated forces for each
of these guillotines include pipe tension release forces
at the break location, subecmpartment pressurization
forces as described in Section 4.3, and internal asymmetric

I hydraulic forces acting on .the vessel and internals as
described in Section 4.4.

4.5.2 METHOD OF ANALYSIS

Dynamic analysis of the RCS was performed using lumped
parameter models which include details of the reactor
vessel (RV) and internals, steam
nals, reactor coolant pumps (RCP) generator (SG) and inter-and interconnecting
reactor coolant piping.

The pipe break tension release forces, asymmetric sub-
compartment pressurization forces, and asymmetric reactor
internal hydraulic forces were applied as simultanecus
time-history forcing functions.

I A non-linear time-history cynamic analysis was performed
for a three-dimensional mathematical model specifically
detailed for each break in order to generate mass point
response of the components, support and pipe nozzle loads,
and time-history motions as subsystem connection points.,

Millstone was selected as the model to be used in theI generic analysis, but Millstone RCP dead weight vertical
hangers were not credited witn pipe rupture load carrying.

capability. For each postulated break, assessments were

I made for Calvert Cliffs, Palisades and Fort Calhoun. These
assessments are explained in Section 4.5.7.

4.5.3 INSTABILITY ANALYSIS OF SUPPORTS

An elastic and/or plastic analysis of each component support
region was performed for two purposes. The first was to| determine the non-linear load displacement relationship for
inclusion in the RCS model described in Paragraph 4.5.4.
The second purpose was for evaluation of the acceptability

I of the computed loads for each component support regicn.
This evaluation is discussed in Paragraph 4.5.8.,

'
.

4.5.3.1 Detailed Finite Element Models *

The three-dimensional clastic plastic analysis
of the component support regions has been performed

I- with the MARC non-linear general purpose finite.

element program (Ref. 3.10). The finite element-
. . .

inodels used in the analysis must be sufficiently.
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4.5.3.1 Detailed Finite Element Models (Continued)
. .

detailed to provide an accurate load' displacement
curve and instability load but simple enough to
provide a reasonably efficient solution with the
MARC program. A typical model of a reactor vessel
support on an inlet nozzle is shown in two views
in Figures 4.5.1 and 4.5.2. The model provides
for the determination of the load displacement
relationships not only at the support but at the
nozzle / vessel intersection and at the nozzle / pipe
intersection.

Models with an appropriate degree of detail were
developed for each different RCS support region.

I The material properties used in the analyses were
determined from laboratory tests already performed.

4.5.3.2 Load Displacement Relationships

Each support region model was loaded statically
in the direction of load expected during the RCS
structural analysis. The load was increased until
the deformation increases without bound. The
overall behavior of the region was determined for| input to the RCS structural analysis as a non-linear
support stiffness.

I 4.5.3.2.1 Load Carrying Capability of Reactor
Vessel Supports

I Reactor Vessel support characteristics have been
determined for all plants under consideration per,

paragraphs 4.5.3.1 and 4.5.3.2 of the evaluation
plan. These support characteristics are indicatedI on the Load D.eflection curves for the Generic Plant
on Figures.4.5.3 and 4.5.4.

a. RV Nozzle Loads

Load capability is defined as the maximum moment

I acting on the pipe safe end or elbow which sat-
isfies ASME Code, Appendix F elastic limits.
Finite element analysis has been used to determine-

-

a stress intensification factor for piping elbows.

4.5.3.3 Instability Analysis
.

The detailed stresses and strains for each loading
up to instability were cbtained from the analysis.

described in Paragraph 4.5.3.2. This information
as well as the instability loads (the loads at )

which deformation incredses without bound) were ;

stored for later use. in evaluating the effect of '

- the loads computed by the RCS structural analysis.
< ,.

.
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4.5.3.4 Steam Generator and Pump Supports.

Support regions where predicted loadings are
assumed to be within the elastic loading range
have been evaluated on a conservative, elastic
basis. The assumption of elastic behavior is
verified by comparing elastic load limits to
calculated loadings. These comparisons are
shown in Section 4.5.8.

4.5.3.4.1 Load Carryina Capabilities of Steam
Generator and Pucp Supports

4.5.3.4.1.1 Generic Analysis of Steam Generator
And Pump Supports

All generic plant steam generator and RC pump supports
have been evaluated on en elastic basis. Load capa-
bilities have been determined for all supports in
order to evaluate the structural adequacy of these
supports when subjecte'd to the loads calculated in

I- the RCS dynamic analysis. Load deflection characteristic
of these supports have also been conservatively calcu-
lated on an elastic basis. The calculated load capa-I bilities are listed in Tables 4.5-4,5,6 and were
determined as follows:

I' 6. Steam Generator Lower pads, lower stoo, lower
keys, and upper keys

Design loadings are less than or equal to 90%I Loadings at Yield. Load Capability for these'

supports is defined as Design Loads /0.9, and
apply to both the component support and the
foundatien structure.

b. Steam Generator Holddown Bolts

Load Capability is defined as loadings to
cause yield based on ASME Code material
properties.

c. Steam Generator Snubbers

Load Capability is reported as actual test loads. !

d. Steam Generator and Reactor Coolant Pumo l

Nozzle Loads

Load Capability is defined as the maximum
moment acting on the pipe safe end or pipe
elbow which satisfies ASf!E Code, Appendix F
elastic limits. Finite element anaiysis has
been used to determine a stress intensification
factor for piping elbows.

,

1

'

'
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4.5.3.4.1.2 Millstone 2,, ,
,_

The generic support analysis is directly applicable
to flillstone.

| 4.5.3.4.1.3 Calvert Cliffs

The generic support analysis is directly applicable
to Calvert Cliffs.

4.5.3.4.1.4 Palisades

The Palisades support system is substantially different
from the generic design. A plant specific analysis
was performed for the palisades supports using the
same analytical methods as applied to the generic
plant. In addition, the load carrying capability of
the supporting foundation structure was evaluated
on an elastic-plastic basis. This data was used,
where applicable, as tne load limiting component.

4.5.3.4.1.5 _ Fort Calhoun

The Fort Calhoun support system is substantially
I different from the generic design. A plant specific

analysis was performed for the Fort Calhoun supports
using the same analytical methods as applied to the

4.5.4 MODELS

I Condensed structural models of the major components of the RCS
and component internals were developed from detailed representa-
tions of each component by incorporating response characteristics

I and maintaining interface response compatibility. For each
. analysis, a model of the RCS including reactor vessel, steam

generators, reactor coolant pumps in the intact legs, and inter-
connecting piping was employed. Each model contained highI degrees of structural detail for all ccmponents, with concentrationof mass detail depending on the component to be evaluated. However,
a mass representation of other RCS components is included for eachmodel.

Load deflection characteristics of the supports and foundationsI of the RCS components as determined by the procedures described
in 4.5.3 are included in the models.

4.5.4.1 Models for the Reactor Vessel Analysis

Design basis pipe breaks for this analysis are
defined in Section 4.2 as the RV Hot Leg (Outlet)I nozzle guillotine and the RV Cold Leg (Inlet) nozzle
guillotine. For each of these breaks, a detailed
model was developed using lumped mass parameter
techniques as detailed below.

1
,

i
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4.5.4.1.1 - Generic RV Outlet flozzle Guillotine Analysis.

, ,

I The three-dimensional model of the RCS constructed
for this analysis centained total RCS mass and
stiffness definition, with pipe break discontinuity
of the pipe at the RV nozzle safe end on the #1 hot
1eg(Figure 4.5.5). The RV internals were modelled

*

in detail, taking into account the three-dimensional
non-linear aspects of the connections between elements
such as the fuel assembly, core shroud, core support
barrel (CSB), and upper guide. structure (UGS), and
RV as well as hydrodynamic coupling effects of theI CSB-RV and CSB-shroud interfaces. The internals
model used for this analysis was reduce _d from the
more highly detailed model used in the analysis of
the internals themselves (Section 4.6.2). The
reduced model of the RV internals, showing its co-
linear elements and non-linearities, is presented.

in Figure 4.5.6. In addition to parameters outlined
above, lump mass parameters of the RV shell and
both SG's were included in the model. The non-.

linearities of the RV gapped horizontal supports
I* and vertical support pads as well as the lower stop

for each SG we're also modelled. The resulting model
consisted of 70 mass dynamic degrees of freedom
(d.d.o.f.), 8 non-linear RV internal interfaces-

and 5 non-linear RV support locations.

I 4.5.4.1.2 Generic RV Inlet Nozzle Guillotine
Analysis

The details of the mathematical model analyzed
(Figure 4.5.7) were identical to those for the.

RV Outlet ?!ozzle Guillotine Analysis, except
that the pipe discontinuity was modelled at
the 1A loop RV inlet nozzle safe end. The model
contained 70 mass d.d.o.f., 8 non-linear internal
interfaces, and 5 non-linear support locations.

4.5.4.1.3 Generic RV Analysis for ECCS Motion

For each RV analysis design basis pipe break the
RCS models outlined above were revised to provide,

*

lump mass parameters at all RCP's and piping loops,
and d.d.o.f. 's at ECCS nozzles. RV shell and SGI '

mass and gapped support point motions resulting
from the RV asymmetric load analyses were applied.

on a time-history basis as forcing functions toI the rest of the RCS to obtain motions at the ECCS
nozzle interfaces. Each of these models was linear
and contained 70 mass d.d.o.f.'s.

,

|
'

,

.
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4.5.4.2 Mod 31s for Steam Generator Support Analysis
.

.

Design basis pipe breaks for this analysis are
defined in Section 4.2 as the SG outlet nozzle
guillotine and the SG inlet nozzle guillotine. -

for each of these breaks, a detailed model wasI developed using lumped mass parameter techniques
as detailed below.

4.5.4.2.1 Generic SG Outlet flozzle Guillotine
Analysis

The three-dimensional model of the RCS constructed
for this analysis contained total RCS mass and
stiffness definition, with the pipe break discon-
tinuity of the pipe at the 1A loop SG outlet nozzle
(Figure 4.5.8). Lucp mass parameters of the RV,
both SG's, IB, 2A, 2B RCP's. 1B cold leg piping
and #1 hot leg piping are included. Steam GeneratorI #1 was modelled with a high degree of detail in

. prder to calculate its response and movement fol-
lowing this break. The detail includes the non-
linearities of the lower stop and keys and all
four vertical pads. The internals of SG #1 were.

also modelled, and included a gross tube bundle

I mass and stiffness as well as tube bundle to shell
interface details. The detailed model of SG #1

-

for this break is presented in Figure 4.5.9, which

I shows the colinear elements of the SG tube bundle
and shell as well as the support non-linearities.
The resulting model consists of 68 mass dynamic
degrees of freedom (d.d.o.f.) and 7 non-linearI support locations.,

4.5.4.2.2 Generic SG Inlet flozzle Guillotine
Analysis .

.

The details of the mathematical model analyzed
(Figure 4.5.10) were similar to those for the SG
Outlet Nozzle Guillotine. For this analysis, i

.

discontinuity of the piping was represented at j
the SG #1 inlet nozzle-safe end, and mass repre-
sentation was also included at the 1A RCP and 1A
cold leg. SG #1 contained the same detail as
the model for the SG Outlet tiozzle Guillotine,
except that the lower support keys were modelled
as linear supports (See Figure 4.5.11). This
model contained 76 mass d.d.o.f. 's and 5 non-
linear support locations.

4.5.5 FORCIttG FUflCTI0tlS

4.5.5.1 Reactor Vessel Support Analysis

I, a blowdown loads analysis (Section 4.4) and a cavity
For each design basis pipe break in the RV cavity,s

-- - '^''U &
_ , -
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4.5.5.1 R actor Vessel Support Analysis (Continued)
.

I pressure analysis (Section 4.3) were performed
in order to generate internal asymmetric loadings
and differential cavity pressure respectively.
These forces and the pipe tension release force
at the postulated break were used to calculate
the three-dimensional time history forces applied
to the exterior and internals of the RV. Forcing
functions for a typical RV support analysis are
shown in Figure 4.5.12.

4.5.5.2 Steam Generator Support Analysis

For each design basis pipe break in the steam

I generator compartment, a subcompartment pressurization
analysis was performed using the procedure.s and models
discussed in Section 4.3. Resulting pressures were

I used to calculate asymmetric forces on the SG. These
forces and the pipe tension release force at the
postulated break were.used to calculate the three-
dimensional time-history forces applied to the
exterior of the SG. Typical simultaneous three-*

dimensional forcing functions for an SG support
analysis are shown in Figure 4.5.13.

4.5.6 COMPUTER CODES

I The physical definition of each model was supplied to the STRUDL
computer code (Reference 3.2), which generated the condensed
stiffness matrix as well as pipe and linear support load influence
coefficients. The matrix, along with the mass. definition, gapped
support definition, damping, appropriate hydrodynamic coupling,

effects, the three-dimensional time-history forcing functions as
discussed and developed in Reference 3.1, and the pressure loadsI calculated from the subcompartment pressurization analysis as
discussed in Section 4,3, was supplied to the DAGS computer
code (Reference 3.4) which calculates support loads and timeI history motions. The time history motions and the STRUDL-
generated influence coefficients were supplied to the DAGS
post-processor code FORCE (Reference 3.4), which calculates
maximum pipe nozzle loads and support loads.

4.5.7 RESULTS OF ANALYSIS

The results of the analyses described above include time histories
of. component maximum support loads for support evaluation and
time histories of motion of components and piping for subsystem

cI-- analysis of vessel internals (Section 4.-6), CEDM (Section 4.8),
anri ECCS piping (Section 4.9).

I The results of the generic analysis was related to specific
plants in either full or scaled form. Where necessary plant
specific verifications and/or analyses were performed.

'%- m_. , . _ .
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4.5.7.1 _Results of the Generic Reactor Vessel Analysis-,

Generic reactor vessel support loads, RV nozzle loads,
and RCP nozzle loads are summarized in Tables 4.5-1,
4.5-2, and 4.5-3 respectively for both pipe breaks
analyzed.

Time-history motions of the RV and both SG's were

I also generated from these analyses and were used as
forcing functions to _ develop motions of the ECCS-
nozzle at its connection with the RCP discharge
pipe.

4.5.7.2 Results of the Generic Steam Generator Support Analyses

I Generic steam generator support loads, SG nozzle loads
and RCP nozzle loads are sumarized in Tables 4.5-4,
4.5-5 and 4.5-6 respectively for both pipe breaks

I analyzed. These loads are shown in comparison to
load capabilities as developed in Section 4.5.3.

4.5.8 EVALUATI0il 0F COMP 0tlEtlTS AND SUPPORTS
~

4.5.8.1 Acceptance Criteria

The reactor vessel support loads resulting from the'

RCS Structural Analysis, Section 4.4.8.1, have been
evaluated by comparison to the instability analysisI results. The initial conservative acceptance criterion
was the ASME Boiler and Pressure Vessel Code SectionIII, Division 1, Appendix F, Article F1324. ThisI criterion states that the violation of the pressure
boundary will not occur if the applied loads do not.

exceed 70% of the' plastic instability load.

In cases where results may not clearly satisfy this
criterion, structural adequacy and pressure boundary
integrity are also demonstrated by examination lof the

I- effects' of the additional strain on component: supports
and piping. Where necessary, these effects are discussed'

in 4.5.8.2.1, Genceic Plant RV Supports Evaluation.I These acceptance criteria have also been applied to
the RV shell and nozzle intersection, and to the reactor
coolant pipe near the supports and component nozzles.

I The steam generator and pump suppcrt loads resulting
from the RCS Structural Analysis nave been evaluated
by comparison to the elastic analysis results.

| '

4.5.8.2 Evaluation

The maximum load experienced by the nozzle regions of
the reactor vessel for each design basis pipe break in
the reactor cavity was evaluated. The results of the
RCS structural analysis was compared to the reso ts of
the clastic-plastic analyses of Section 4.5.3.

I
-~

.
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~4.5.8.2 Evaluation (Continued)
.

-

The integrity of the reactor vessel was evaluated by
comparing the computed elastic-olastic behavior to

I the instability load or to strain limits according
to the acceptance criteria of Paragraph 4.5.8.1.

The maximum load experienced by the upport and
nozzle regions of the reactor coolant piping was
evaluated for each design basis pioe break. The
evaluation process is similar to that discussed

I above. The integrity of the reactor coolant piping
was evaluated by comparing the computed elastic-
plastic behavior to the instability load or the
strain limits according to the acceptance criteria
of Paragraph 4.5.8.1.

The maximum load experienced for each RCS support
was evaluated for each design basis pipe break in the
steam generator compartment. The evaluation process
was similar to that discussed above. The integrity

I. of the reactor coolant system supports was evaluated
by comparing the computed elastic-pastic behavior
to the instability load or to strain limits according
to the acceptance criteria of Paragraph 4.5.8.1.

4.5.8.2.1 Generic Plant RV Supports Evaluation

The resulting loads from generic RV support
analysis are compared to the acceptance
criteria for the supports in Figures 4.3.3 and 4.5.4.
RV and RCP nozzle loads are compared to their acceptance,

criteria in Tables 4.5-2 and 4.5-3.

I For the RV Outlet Nozzle Guillotine, all RV support
and RV and RCP. nozzle loads satisfy the initial con-,

servative acceptance criteria of ASME Code Section III.
I For the RV Inlet Nozzle Guillotine, RV support loads

i

1

exceed this criterion by Sis. (See Figures 4.5.3 and 4.5.4). |
For this case, however, it is clear from the load-

|

-

I deflection curves .for each support that there is a
i

considerable amount of additional strain capacity.
Therefore, the supports are adequate to sustain the
calculated load. For this postulated rupture, the
RV nozzle loads meet the initial acceptance criteria,
and the RCP discharge nozzle loads exceed the elastic
analysis criterion by less than 2f;. The pressureI retaining integrity and geometric stability of the
primary piping are not impaired.

4.5.8.2.2 Plant Specific Evaluation - RV Supports
Analysis

!. 4.5.8.2.2.1 Millstone 2 |

The Millstone 2 plant was .used as the basis for the
generic RV support analysiq, with the exception that,

_ _ 459
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4.5.8.2.2.1 Millstone 2 (Continued)

the generic cavity pressure loads were calculated by '

I applying a factor of 1.1 to the Calvert Cliffs cavity
pressure loads. The Millstone cavity pressures have
been shown to be lower than those used for the generic
RV supports analysis. Therefore, the generic results
are directly applicable to Millstone.

4.5.8.2.2.2 Calvert Cliffs

The Calvert Cliffs RV, RV support system and RCP piping
are identical to Millstone's, the RCP has greaterI potential load carrying support than Millstone, and
the cavity pressure loads applied to the generic analysis
are 1.1 times greater than Calvert Cliffs cavity pressure
loads. Therefore, the generic results are conservativey

for Calvert Cliffs.
.

4.f. 3.2.2.3 Palisades
I-

The Palisades RV, RV and SG support system and RCP
piping are similar to Millstone's, but the load-deflection
characteristics of the RV supports and foundation (Figures
4.5.14 and 4.5.15), which shew reduced load carrying
capability, made it necessary to perform a plant specificI analysis for the controlling RV Inlet Nozzle Guillotine

In this analysis, which used models and methodolcgycase.

similar to those already discussed, the load carrying
I capability of the 1B & 2B RCP supports was utilized, but

credit was taken for neither the 2A loop RCP supports,.

whose load carrying capability is low, nor for the
ruptured 11. loop. Cavity pressure loads calculated
specifically for Palisades were applied together with ,

;generic RV internal and pipe tension release loads.
!

Results, as sunnarized and ccmpared in Tables 4.5-7,8,9,10 !
,

and Figures 4.5.14 and 4.5.15, show that all support and
inozzle loads generated by this plant specific analysis

meet the acceptance criteria for this plant. These loadsI include all RV support loads, all RV and RCP nozzle loads
and all applicable RCP support loads._

,

I The results of the generic analysis for the RV Outlet
Nozzle Guillotine are conservative for Palisades and
still meet Palisades plant specific acceptance criteria.

| Palisades specific ECCS time history actions were also
generated for this break, to be used as input forcing
functions to the ECCS analysis reported on in Section
4.9.

,

I

|

E -
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4.5.8.2.2.4 ' Fort Calhoun

A comparison of the Fort Calhoun plant RCS parameters
to those of the generic plant, coupled with reduced
load carrying capsility of the Fort Calhoun RV
supports and foundation (Figures 4.5.16 and 4.5.17), -

showed that a plant specific analysis was required for
the controlling RV Inlet flozzle Guillotine case.I modeling and nothodology used for this analysis were similar

The

to those already discussed. All applied loads were calculated
specifically for the Fort Calhoun plant. Only 70%
of the load carrying capacity of the supports for
RCP #1A, IB, and 2A was utilized to ensure that the
.RV support loads and nozzle loads generated were
conservative. fio credit was taken for the load
carrying capability of the ruptured RCP 28 loop.

I The results for RV support loads, nozzle loads and
applicable RCP support loads are summarized in Tables
4.5-11,12,13,14,15. These re,sults show that the
conservative acceptance criteria of ASME Code SectionI III is exceeded in one instance only. The radial component
of load on one RV support foot is 81% of the ultimate
support capability (see Figure 4.5.17). However, it is

! clear from the load deflection curves for each support
| that there is a considerable amount of additionalstrain capacity. Therefore, the supports are adequate

I to sustain the calculated load.

Fort Calhaun specific ECCS time histcry motions were
also generated for this break, to be used as input
to the ECCS analysis (Section 4.9).,

4.5.8.2.3 Generic Plant-SG Supports Evaluation

The results of the ge'neric SG support analysis (4.5.7.2)
and elastic analys~is of supports (4.5.3.2), summarized,

in Tables 4.5-4,5,6 were compared. All support and pipe
nozzle loads generated by the SG support analysis are
within their respective calculated load capabilities.

I 4.5.8.2.4 Plant Specific Evaluations - SG SupportAnalysis

4.5.8.2.4.1 Millstone 2

The Millstone 2 plant was used as the basis for the
generic SG support analysis; therefore, the generic
results of the SG supports and SG nozzle loads are
directly applicable.

I

4.5, //
..

..
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4.5.8.2.4.2 Calvert Cliffs

The.Calvert Cliffs SG, SG support system and RCP piping
is identical to f4illstone's. Therefore, the genericI results of the SG supports and SG nozzle loads are
directly applicable.

| The Calvert Cliffs RCP suppcrt system includes a horizontal
snubber, a vertical snubber and a horizontal seismic
support strut for each pump that the Millstone RCP's
do not have. Since it has been shown that the generic
RCP nozzle loads meet the acceptance criteria without
the aid of any other RCP support, these generic results
are conservative for Calvert Cliffs.
4.5.8.2.4.3 Palisades

I System geometry, forcing functions, and those parameters
which affect distribution of applied loads to each of
the supports are essentially the same for Palisades
and the generic plant. Consequently, generic SG support
reactions and SG nozzle loads are directly applicable
to Palisades. However; the Palisades SG support (and
nozzle) load carrying capabilities were found to beI different than the generic ~ plant. Therefore, the
generic SG support and nozzle loads were compared to
plant specific load capabilities (Tables 4.5-16,4.5-17)I and were found to be acceptable. The Palisades RCP support
system contains vertical supports capable of carrying
significant load. Therefore, because the generic model is
without pump supports, the generic RCP nozzle load results
ar,e conservative for Palisades. They aie compared to, -

Palisades specific load capability in Table 4.5-18 in order
to show that they also meet the acceptance criteria.

4.5.8.2.4.4 Fort Calhoun

I A comparison of Fort Calhoun plant RCS parameters to those
of the generic plant showed that results of neither the
generic S.G. support analysis nor the elastic analysis to
determine the load carrying capability of the supports
were applicable to the Fort Calhoun plant. A plant specific
analysis for Fort Calhoun was, therefore, performed. Initial
results showed that in order to limit the flow area develop-
ment for the hot leg break and maintain the RCS piping loads
within the elastic range it would be necessary to modify theexisting supports. The modification made consisted of a
replacement of the 3 3/8" S.G. accident ring support rods
which run from the S.G. accident ring to the primary shield
wall in a direction parallel to the hot leg, with rods
of a higher strength material and a larger diameter. The |

i

existing rods were A36 steel, 3 3/8" diameter. The replacement i
I

&

a

_ _-
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4.5.8.2.4.4 Fort Calhoun (Continued)

rods are C1018 steel and 41/4" diameter. The interface
connections of the new rods remain the same and the geometry
of the entire support system is unchanged by this modifi-I cation. The results of the Fort Calhoun plant specific
analysis using the modified S.G. supports are given in
Tables 4.5-19, 4.5-20 and 4.5-21. All support loads areI within the indicated capability and all RCS piping and
nozzle loads are well below code limits.
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Figure 4.5.16
Fort Calhoun RV Support| Total Effective Stiffness

..
.

Total Stop Reaction Force
Versus

Disp. In Tangential Direction
.
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Figure 4.5.17

| Fort Calhoun RV Support
Total Effective Stiffness
Total Stop Reaction ForceI Versus
Disp. In Radial Direction

Radial Load !
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uma num uma . same e e sua man man amm umm uma man mum uma uma um umm'amm
, .

,- TABLE 4.5-4 -
.

.
.

GENERIC STEAM GENERATOR SUPPORT LOADS
-

.

. .

.

.

MODE LOADS (UNITS - KIPS)

COMPONENT N0DE '

3G 1A OUTL. SG l.'1 I.NL , LOAD BASIS FOR
GUIL. GUIL. CAPABILITY LOAD CAPABILITY

,

11 0. O. 9850, 111%

15 0. O. TOTAL OF

21 198. 197. DESIGN LOAD
PADS 25 118. O.

11 786, 1893. 3713. LOAD.

I BOLTS 15 534, 695. 1856. T0

y (TOTAL PER PAD) 21 865. 1055.. 1856. YIELD
25 438. 685, 1856.

U2 -

*
1112 0F

LOUER STOP 11 0. 4531'. 6810. DESIGN LOAD .

i..

33 792.- 518, 5610. 111% OF.

LOUER KEYS 37 790. 499. TOTAL DESIGN LOAD

.

SNUBBERSkT0TAL) 250 613. 1909. 3500. TEST DATA
_

212 395. 406. 1910, 1117. OF
UPPER KEYS 222 479. 421. 1910. DESIGN LOAD

_ _ _ - - _ - - - - - _ - _ - - - - - - - - _ - - - - - _ _ -- - - _ - - - . _ ____ .



M imu mas smus mum um uma num mum uma uma mum uma muu aus e amm uma man
TABLE 4,5-5

GENERIC STEAM GENERATOR N0ZZLE LOADS
_ _- ,

LOADS (FORCES - K!PS, T'O.MFNTS - fN-KIPS)
--MODE FORCE

C0f1PONENT " " ^
N0DE COMP *

SG 1A CUTL. SG i.l INL. LOAD. CAPABILITY BASIS FOR
.. - - -

i N0Z. GUIL. |N0Z. GUIL. ij0 MENT , LOAD CAPABILITY
I

.
551 AXidL 1137[ A$f!E CODE ~

SHEA.s 10357 SECTION III
INLEThIOZZLE D ' 196'j715'.' FAULTED'g g ;.

nSi 32120'.i ELASTIC LII'!IT
-

-

rio'ti','
'

FOP-
'

'

' .

PIPE ELBOM

- -

1551 AXIAL '.' 344',' SPE CODE
'

, SHEAR 945-| SECTI0li III
1A OUTLET RtiPTURED FAULTED.

N0ZZLE N0ZZLE ELASTIC LIMIT
-

ass FOR

MOM .' 44440. 78','965'. PIPE ELBOW
.

-

'

.

fECI
2551 AXIAL 82',' 355.

'

II,

E^F 229:, 1003..

FAULTED
- -

.

1B OUTLET El>STIC LIMIT -

' N0ZZLE
- -

FOR' S
13920,,, U590.

,
78,965.

PIPE ELB0W

. ..

,

,

_ _ . . . . . _ _ . _ . . , . _ . . ..- -

_ _ __



5_R ..hEbbLEEDS"" " '" " " " " " " " " " ",-

LDADS (FORCES - KIPS, MOMENTS - IN-MTPS)
" ^3 LOAD CAPABILITY BASIS FOR' -

COMPONENT !!0Dt C MP. So 1A OuTL. I so l.'1 INLET MOMENT LOAD CAPABILITS
N0Z. GtJIL. N0Z. GUIL. ..

~

ASf:E CODE
AXIAL 26

1A SUCTION 1650 R PTURED 717' FAULTED

'

SHEAR '

N0ZZLE LEG
ELASTIC L.IMIT

.. . FOR -
. -

45050.. 7.8,965. -

PIPE ELD 0!IRSS MOM. ,

-

.

ASid CODE
1750 AxIiL 705'.

.

E M III1
3/42'. -

SHEAR
. IA DISCllARGE RUPTURED FAl'LTED

N0ZZLE LEG ELASTIC LIMIT'

F-
$ RSSMOM. 35820'. 96'j810'--

-

b -

.

a
2650 AXIAL 100. 314.. ASf'E CODE,

,

SHEAR 186. 783. SECTION III
FM'LTED

IB SUCTION-- '

ELASTIC LIMIT -

N0ZZLE
-

-

RSS MOM, 14010. 48860. 78'j965 TOR

PIPE ELB0H'
t

?SiiE C0!'E -

2750 AXIAL 276',' 858'.
SECTIO!! III

SHEAR ~178~' 396'
IB DISCHARGE FAULTED

EL?.STIC LIIIITN0Z7.LE
-

RSS MOM. 16730. 45310,,, 96,810'.'. FOR

..

i . ..
4 - --

- __l ' ' r c ' - -______ __
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M M M M M M M M M M M M M M M M M M M,

t. .

I
,

*

.

.
- .

TABLE 4.5-9
,

PAL /SADES REACTOR COOLANT PUMP NOZZLE LOADS
.

.

LOADS (FORCES-K/PS, MOMENYJ-JN-KIPS)'

FORCE
COMPONENT RV INLET LOAD-

COMPONENT BASIS FORN0ZZLE CAPABILITY LOAD EAPABILITYGU/LLOTINE MOMENT

.

AX/AL /3/9. ASMC CODE

DISCHARGE SEC TION .ZZC
SHEAR /2.9 7. FAULTED

*NOZZLE ELASTIC LIMIT.

$ RSS MOM Gz,659. /0%,545. FOR PIPE
en

b
OQ

AX/A L 40. ASME CODE
SUCTION SECTION .ZZT c

SHEAR 29+. FAULTED
NOZZLE ELASTIC LIMIT

RSS MOM . IS, II 9. 72,569. FOR PIPE ELBOW

.

_ _ _ _ __ _._ _



m m m m m m m m m m m m m m M M M M M
.

TABLE !}. 5-10

PAL /SADES REACTOR COOL. ANT PUMP SUPPOR7* LOADS.

.

.

LOADS (FORCES-K/PS, MOMENTJ - IN-KIPS] .

SUPPORT LOCAT/ON h10 DEL
M M - LOAD

AND FORC[ CObtPONENT* NODE g ,3,3 ,gg
RV 1A INLET CAPABILITY LOAD CAPABIL/TY
NOZZLE GUILL. FORCES

PUMP AXIAL /93. /G8G. DESIGN LOAD

LUG '#1 3 HEAR 5//3 /202 2800. DESIGN LOAD
-o

; yptp AXIAL 152.. /G86. DESIGN LOAD'

LUG '# Z SHEAR 5// 7 /c/?f . 2800. DEstGN LOAD

.

PUMP AX/AL /36. /G8G. DESIGN LOAD

Lt.*G #3 3HCAR 5|15 /L//3. 2.G/6. LOAD TO YIELD

l' UMP AX/AL /06. 168G. DESIGN LOAD
.

LUG ||4 SHEAR Sill 862.. 2800. DESIGN LOAD

___-___ _ _ - - . . _ _ . . _ _ _ - _ _ _ _ - - ___ _ __ _ __ _ _ _ - _ _ _



. .

-

e, .

'

Fort Calhoun
'

Load Capability Table-

.

\
-

.

-

C0!!P0iEflT SUPPORT LOAD CAPABILITY BASE FOR LOAD CAPABILITY

Reactor Vessel: -
,

Support Feet

Vertical Load 705 Kips Yield Load
Radial Load 3080 Kips .7 Ultimate Load
Tangential Load 2885 Kips .7 Ultimate Load

3 _ _ _ _ _ _ . - - - - - - . - - ---. --,

E Steam Generator:
Support Lugs 1211 r,ips/ Lug .7 Ultimate Load

,

Lower Accident Suoport Ring

Toward S 2560 Kips Yield Load
Toward it 452 Kips Yield Load
E-W Direction 852 Kips Yield Load

-

Trunnions -

N-S Direction 318.2 Kips / Trunnion Yield Load
'E-W Direction 891.6 Kips / Trunnion .7 Ultimate Load
Vert. Direction '-312.4 Kips / Trunnion Yield Load

Snubbers 1472.6 Kips (Total) Test Load
Inlet flozzle 85312 In-Kips AStiE Code, level D Limit,

Outlet flozzle 35991 In-Kips ASitE Code, Level D Limitg
" Reactor Coolant Pump:

| ,

Vert. Support Lugs j -
'

Downward Load 204.4 Kips / Lug .7 Ultimate Load
Upward Load -60 Kips / Lug .7 Ultimate Load

,

Snubbers

N-S Direction 168 Kips / Pump Test Load
E-W Direction 210 Kips / Pump Test Load

Suction t'ozzle 35991 In-Kips AS!4E Cc fe, Level D Limi '.,

Discharce flozzle 54471 In-Kips ASME Code, Level r Limit

-

.

TABLC th 5-]]

..

.

L M . 6 2/ d,.__. _ ___



e amm num sum num man amm sum em amme uma mas num- uma e uma man uma amm
,

- .
.

i TXBLE4.512
~

,

PALISADES oTEAM GEf!ERATOR SUPPORT LOADS
.

-

.

GENERIC LOADS (UMITS - KIPS)
'

COMP 0tlENT MODEL SG 1A OUTL. SG 61 INL, LOAD BASIS' FOR
.

N0DE GUIL. GUIL. CAPABILITY LOAD CAPABILITY

11 0. 0. 3585. 111%
. .

15 0, 0. TOTAL OF
,

PADS 21 198. 197. DESIGN LOAD
,,

25 118. O.

11 786. 1893. 3713. LOAD'

15 534. 695. 1856', TO
'

t
21 865. 1055, 1856',' Y1 ELDE BOLTS
25 438, 685. 1856.'1 (TOTAL PER PAD)

111% 0F
'

LOWER STOP 11 9. 4531, 4913. DESIGN LOAD
,

_

<

33 792. 518, 7089, 1]lZ OF

37 790. 499. TOTAL DESIGN LOAD
LOWER KEYS

.

S!!UBBERS (TOTAL) 250 613. 1909. 3150. TEST DATA
.

212 395. 406. 570. 111% OF

222 479. 4 21'.' 570. DESIGN LOAD
UPPER KEYS

. _ _ - _ _ _



' ems um , amm, amm uma man uma sms uma amm num num umm m ' mas amm' mum
i TAE' E 4.5-13 - -

.

PALISADES STEAM GENERATOR N0ZZLE LOADS .
.

.

dENEkic LOADS (FORCES - KIPS',110iiENTS - IN-KIPS)

COMPONENT MODE Nihce RiiPTuRE CASE

NODE COMP': So lA OUTL. SG //l INL. LOAD CAPABILITY BASIS FOR'

f10 MENT LOAD CAPABILITY
NO7, Gg t , t'o7, n!rt ; .

.

'SPE CODEA-

551 AXIAL 1137
< . SECTION III
| SHEAR 1035,

RUPTURED F.4ULTED
.

INLET !iOZZLE N0ZZLE ELASTIC LIfilT
FOR

RSS 32120'.' 188','163'' PIPE ELB0W
,

M0M i
,

\
~

344',
'

1551 AXIAL AS.E CODEP
, .

h SHtAR 945. SECTION III
,

f 1A OUTLET RUPTURED FAULTED
'' N0ZZLE N0ZZLE ELASTIC LIMIT-

,

j FOR
'

|

RSS 44440'.' 72','469'|- PIPE ELB0W
-

'

MOM. -

.
2551 AXIAL 82'. 355'|

ASME CODE

SECTI0t! III.I SHEAR 229. 1003;
FAULTED-

.

ELASTIC LIMIT
|1BGUTLET
i N0ZZLE FDP..

RSS PIPE ELB0';! .
, s

| Mon. 13920. I 47590. 72,469, c

('

.. _ _. .._ . . _.. _ _ _ . . . .._. -. _ . . . ..-..- - _ - _ - _ . - --- .--



afamm uma mum ums ! - ( ISAJLJB M P. M ZL M OA M ' " " " " " " "

I
'

LOADS (FORCES - KIPS, M0MENTS .IN-K NS)
'

',. . _ . .

I 3ENERIC RiiPTURF CASF -

COMPONENT LOAD CAPABILITY BASIS FOR
MODE FORCE SG 1A OUTL. SG lil INLET ,

NODE COMP. M077i F G il.J,1 . ! N0?a Gl!II . MOMENT LOAD CAPABILITY

ASME CODE .

1650 AXIAL 268. SECTION III
'

SHEAR 717'1A SUCTION RUPTURED FAULTED

N0ZZLE LEG ELASTIC LIMIT
FOR

45050. 72.069.- PIPE ELB0W
-

.

1750 AXIAL 705. ASME CODE

SHEAR 342. SECTION III
.

FAULTED1A DISCHARGE RUPTURED

N0ZZLE LEG
ELASTIC LIMIT
FORRSS

MOM. 35820. 102,545. PIPE-

fET
'

~

2650 AXIAL 100. 314.- II
B SUCTION SHEAR 186. 783.g FAULTED

ELASTIC LIMIT
-

FOR.

ASS 14010. 48860. 72,469. PIPE ELBOW,

ww

ASME CODE
2750 AXIAL 276'.' 858. SECTION III -

SHEAR ' 178. 396. FAllLTED
1B DISCHARGE

ELASTIC LINIT
N0ZZLE 1sS mom. 16710. 45?l'J. 102,545. FOR

! ntpr-
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M M
! Table 4.5-11
! .

; Fort Calhoun Reactor Vessel Support Loads
,

!

.i -

. -

Loads (Forces-Kips, tioments-In-Kips)Support location and ModelDirection
Node RV Inlet Load BasisNozzle Capability For LoadGuillotine Forces Capability

elA Cold Radial 1999 803. 3417 70% of Ultimate LoadLeg Nozzle
Tangential 1943. 2885 70% of Ultimate Load
Vertical 1164. 6850 Load to Yield5

% #1B Cold Radial 2999 3965 3417 70% of Ultimate Load
leg Nozzle

Tangential
1341 2885 70% of Ultimate loadVertical 2260 6850 Load to Yield

#2B Cold Radial 4999 0 3417, 70% of Ultimate Load
Leg Nozzle

Tangential
684 2885 70% of Ultimate LoadVertical 772 6850. Load to Yield

#2A Cold Radial 59M 3001 3417
70% of U1timate Load

Leg Nozzle
Tangential

0 2885 70% of Ultimate LoadVertical
1054. 6850. Load to Yield



Table 4.15-12

t

Fort Calhoun Reactor Coolant Pump Support Loads
Vertical Columns

Support Location and Loads (Forces-Kips, Moments-In-Kips)
ModelForce Component

Node Rupture Case - Load BasisRV 2B Inlet Capability for Load
Nozzle Guillotine * Forces Capability

Pump 1A Note:
Lug fl Compressive / tensile 55 82./5. 177./60. 1/2Lug #2 Compressive / tensile 56 67./16. 177./60. 1/2g Lug #3 Compressive / tensile 57 84.f60. 177./60 1/2M

h
Pump 1B -

Lug #1 Compressive / tensile 45 124./60. 177./60. 1/2Lug #2 Compressive / tensile 44 125./60. 240./60. 1/2Lug #3 Compressive / tensile 46 124./60. 177./60. 1/2

\Punp 2A |

Lug #1 Compressive / tensile 7055 116./60 177./60. 1/2Lug f2 Compressive / tensile 7056 124./60. 177./60. 1/2Lug #3 Compressive / tensile 7057 124./13. 177./60. 1/2

* Credit taken for only 70% of ultimate load for conservative determination of nozzle loads, tables
1 Support Ultimate Load 4.5-14 15. ,

.
*

2 Pump Lug Design Load l

_ _ __ _ ____ _ . _ _ _ - - - --

I



M 10!M .1 -

-
Fort Calhoun Reactor Cooiant Pump Support Loads'

Horizontal Supports;I

a

Support Location and Loads (Forces-Kips, Moments-In-Kips)
tiodelForce Component
flode Rupture Case - Load Basis

RV 2B Inlet Capability For Load
flozzle Guillotine * Forces Capability

Pump 1A
fl te:

Support 1 Compressive / tensile 150 2.5. / 6 . 129./85. 1/1Support 2 Compressive / tensile
38./8. 55./33. 1/2Support 3 Compressive / tensile
75./43. 129./85. 1/1Support 4 Compressive / tensile
38./28. 55./33. 1/2

%

( Pump 1B
" Support 1 Compressive / tensile 160 90./43. 129./85. 1/1Support 2 Compressive / tensile

38./33. 55./33. 1/2Support 3 Compressive / tensile
59./37. 129./60. 1/1Support 4 Compressive / tensile
38./22. 55./33. 1/2

Pump 2A
!

Support 1 Compressive / tensile 7150 90./37 129./60. 1/1 )Support 2 Compressive / tensile
38./33. 55./33. 1/2Support 3 Compressive / tensile
79./43. 129./85. 1/1Support 4 Compressive / tensile |38./29. 55./33. 1/2 1

l

* Credit taken for only 70% of ultimate load for conservative determination of nozzle loads, tables
1 Ultimate load 4 5-14 15. , .

2 Snubber Design Load

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - _ _ - _ - - _ _ _ _ _ _



M M M M M M M M
j Table 4.5-14

! -

[
-

. .

Fort Calhoun Reactor Vessel Nozzle Loads ~

.

.

Loads (Force-kips, Moments-in.-kips)
Component Force

Component RV Inlet Load Basis forNozzle Canability LoadGuillotine Moment Capability
45

*

'
Inlet

ek, Nozzle 274.Axial
ASME Code

Shear 283. Section III
Faulted
Elastic LimitRSS Moment 19,400. 54471. For Pipe

i

!

Outlet Axial
Nozzle 475.

ASME Code
Shear 539. Section III

Faulted
Elastic LimitRSS Moment 69,220. 117,874.
For Nozzle Safe End

.

D

.

_ _ _ _ _ _ _ _ _ _ _ _ - . -- --



M M M M M M
Table 4.5-15

3
- .-

.

Fort Calhoun Reactor Coolant Pump Nozzle Loads '

Component Force Loads (Forces-kips,itoments-in.-kips)Component

RV Inlet Load Basis for
Nozzle Capability Load
Guillotine Moment Capability

Discharge Axial 245.Nozzle ASME Code
Section IIIi'' Shear 187. Faulted ^

PS
-

Elastic LimitRSS Moment 20165. 54471. For Pipe-A
%

Suction Axial 31.Nozzle ASME Code
Section IIIShear 79. Faulted
Elastic LimitRSS Moment 8285. 35991. For Pipe Elbow

,

e
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' T4 ELE 4.5-16
~

-, -

. PALISADES STEAfl GEHERATOR SUPPORT LOADS,

.

.

GENERIC LOADS (UNITS - KIPS)
''

SG 1A OuTL. SG /!1 INL. LOAD BASIS' FORfl0DE Gu!L. Gull. CAPABILITY LOAD CAPABILITY

11 0. O. 3585, 111Z
15 0. O. TOTAL OFPADS 21 198. 197.

E, 25 118. 0.
~ DESIGil LOAD

D
11 786. 1893. 3713. LOAD
15 5 311, 695. 1856',

'

TO
BOLTS 21 865. 1055. 1855'. YIELD
(TOTAL PER PAD) 25 1133. 685. 1856.

|

~

LOWEl'. STOP 11 0. 4531. 4913. DESIGN LOAD
11173 0F..

33 792. 518, 7039. 131Z OF
LOWER KEYS 37 790. I;99. TOTAL DESIG|1 LOAD

.

S!!UECERS (TOTAL) 250 613. 1909. 3150. TEST DATA

212 395, 110 6. 570. 111Z OF
UPPER KEYS 222 (179. 112 1 , 570. DESIGN LOAD

. _ _ _ _ _ . - _ _ .
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TABLE 4.5 17

PALISADES STEAf1 GENERATOR N0ZZLE LOADS
,

.

.

acNsRic LOADS (FORCES - KIPS', fictiENTS - IN-KIPS)
C0.'iP0iiE.'!T MODet Foacs RuPTuas case

MODE COMP'[ SG 1A OUTL. SG //l INL. LOAD CAPABILITY BASIS FOR
,_ NO2, Gt![t , MO,Z , Gli11 MOMENT LOAD CAPABILITY

551 AXIAL 1137. SPE CODE

SHEkR 1035$ SECTION III
.

RUPTURED FAllLTED

INLET !!0ZZLE . N0ZZLE ELASTIC LIfilT
'

,

FOR
RSS 32120'.' 188','163. PIPE ELBOW

~

$ M0M,
S. ,

D 1551 AXIAL 344'. ASFE COPE.

SHEAR 945.- SECTION III1A'0UTLET RUPTURED
FAULTED 1N0ZZLE N0ZZLE -

ELASTIC LINIT.

FOR,

RSS 44440. 72','469,
PIPE E.LBOW

i

MOM. -

_

t

2551 AXIAL 82'.' 355',' ASFE CODE
SHEAR 229, 1003',' SE M III

FAULTED-

13 OUTLET ELASTIC LIf!IT
N0ZZLE

FOR 1
. RSS

PIPE ELBOW .-

mom. 13920. 47590. 72,469.,
,

-._
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;
' -

. .

LOADS (FORCES - KIPS, f;0MEilTS .IN-KIPS) .

'" """ ^'"CO,'iPONEiiT ~

MODEL FORCE SG 1A OUTL. SG //l INLET LOAD CAPABILITY BASIS FCR
NODE - COMP. pq77, p r,i t i l . Rg ct:T r , MOMENT . LOAD CAPA*liLITY

1650 AXIAL ~

268' OM

gp g 717, SECTION III1A SUCTION SilEAR

?0ZZLE
!.EG

ELASTIC LIiilT.

RS.S FOR- .

anM. 45050. 77.1189.. PIPE ELBOW
l

1750 AX1AL
'

. 705. ASfiE CODE
SHEAR 342. SECTION III.

IA DISCHARGE, RUPTURED FAULTED
3 i 0ZZLE ,

LEG. ELASTIC LIMIT !

p ASS FOR
'

mom. 35820. 102.545. PIPE !

2650 AXIAL 100. 314.. ASiiE CODE
~

|

13 SUCTION S!! EAR 186. 783, SECTION III
N0ZZLE FAULTED

ELASTIC LIMIT
FOR

]SS 14010, 48860. 72A69.
, .

PIPE ELBOW

ASME CODE2750 AXIAL , 276'. 858. SECTI0i! III3H AR
IB 'ISCHARGE 178. 396. FAUi.TED
i0ZZLE ELASTIC LIi1IT |

ASS MOM. t 16710. 45310.
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. Table 4.5-19 .
'

Fort Calhoun Steam Generator Support Loads

Component Loads (Units - Kips)

Basis ForSG 1B Out. Guil. SG #1 Inlet Guil. Load Capabi.11ty Load Capability

Accident 0. -3752. -6120. Yield LimitRing g Hot Leg

Accident Ring
J. to Hot Leg +852. +67.73 1852. Yield Limit$ -0. -0.S

4
bJ

Snubbers +128.5 +173.9 638.5 Yield Limit-7.615 -0.

Trunnion Key 0. O. 1318. Yield Limitg to Hot Leg

Trunnion Key +136.9 +0. 1347.5 Yield LimitJ to Hot Leg -0. -30.13

Trunnion +312.4 +426.7 +559.2 UltimateVertical

Lu] -8.05 0. -991. . 7 Ul tir.. ate
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Table 4.5-20
..

Fort Calhoun Steam Generator fiozzle Loads

Loads (Forces - Kips,iloments - In-Kips)
Component Force

Comp. Rupture Case
Load Capability Basis for

ioment Load CapabilitySG lb Outlet SG #1 Inlet
flozzle Guillotine flozzle Guillotine

Axial 657. ASME Code
5 hear 276. Section III,

Inlet tiozzle Ruptured flozzle Faulted
g RSS 10640. 83,312. E astic Limit

' **S Pipe Elbow

.

Axial 84. 218. ASME Code
Shear 203. 402. S t1 " !

Fau te1A Outlet p33 Elastic LimitU zzle
ffom. 9491. 19420. 35,991. py"eElbow

Axial 218. ASME Code
Shear Ruptured Nozzle 392. S " IIIIB Octlet

flozzle
p,33 Elastic Limit

FrMom. 20,510. 35,991.
p e Elbow

--- - - - - - - - - - - - - - - - - - -- -
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~ Table 4.5-21

Fort Calhoun RCP Nozzle loads ..

Loads (Forces - Kips, Moments - In-Kips)
Component Force

Comp. Rupture Case Load Capability Basis for
Moment Load CapabilitySG lb Outlet SG #1 Inlet

flozzle Guillotine flozzle Guillotine
-

ASME CodeAxial 106. 160. Section IIIShear. 116. 266
1A Suction Faulted
riozzle RSS Elastic Limit

ITMom. 10,910 18,930. 35,991.
Pipe Elbow

ASME CodeAxial 101. 273g Section IIIShear
,% 1A Discharge

. 45. 82-

Faulted

% flozzle RSS i Elastic Limit
ForMom. 7,345. 12,120. 54,471.
Pipe

Axial 166. ASME Code

Shear 293. Section III
FaultedIB Suction Ruptured Leg

Nozzle RSS Elastic Limit
IFMom. 21,490. 35,991*
Pipe Elbow

Axial 285. ASME Code

Shear 106- Section III

IB Discharge Ruptured Leg Faulted
Nozzle RSS Elastic Limit

fFMom. 9,738 54,471,; Pipe

_ _
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4.6 REACTOR VESSEL IflTERflALS

4.6.1 MECHAf!! CAL SYSTEMS AND C0"F0NEf1TS DESCRIJT10|1

4.6.1.1 Reactor Internals General Description

The components of the reactor internals are divided into three
major parts consisting of the core support barrel, the lower
core support structure (including the core shroud), and the upper,

guide structur'e (including the Control Element Assembly (CEA)

shrouds and the in-core instrumentation (ICI) guide tubes). The
i flow skirt, although functioning as an integral part of the

coolant flow path, is separate frcm the internals and is affixed
to the bottom head of the pressure vessel. For a comparison of
the Generic, Palisados, and Fort Calhoun internals design parameters,
see Table 4.6.1

.

g 4.6.1.2 Reactor Internals _ Generic Plant

4.6.1.3 _ Core Support Assembly

The major support member of the reactor internals is the core
support assembly. The assembled structure consists of the core
support barrel, the lower support structure, and the core shroud.
The major material for the assembly is Type 304 stainless stael.

| The reactor internals for the generic plant are shown in Figures
4.6.1 and 4.6.2.

4.6.1.3.1 Core Support Barrel

The core support barrel is a right circular cylinder with a
nominal inside diameter of 148 inches and a length of 27 feet,
with a heavy ring flange at the top end and an internal ring
flange at the lower end. The core barrel is supported from a
ledge on the reactor vessel. The core support barrel, in turn,
supports the lower support structure upon which the fuel
assemblies rest. The CSB (for Millstone and St. Lucie I) also
has a thermal shield affixed to its outer surface and located at
its mid section. Press fitted into the flange of the core
support barrel are four alignment keys located 90 degrees apart.
The reactor vessel, closure head, holddown ring and upper guide

| structure assembly flange are slotted in locations corresponding
to the alignment key locations to provide alignment between these

4.6.1
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components in the reactor vessel flange region. The upper section

of the barrel contains two outlet nozzles contoured to minimize
coolant by-pass leakage.

Amplitude limiting devices, or snubbers, are installed on the
outside of the core support barrel near the bottom end. The

snubbers consist of six equally spaced lugs around the circumference
of the barrel and act as a " tongue and groove" assembly with the
mating lugs on the reactor vessel, see Figure 4.6.2. During
assembly, as the internals are lowered into the reactor vessel,
the reactor vessel lugs engage the core support barrel lugs.I

4.6.1.3.2 Thermal Shield

The thermal shield installed on the Millstone 2 and St. Lucie I
reactor internals, is a cylindrical structure which reduces the
neutron flux and radiation heating in the reactor vessel wall.
The thermal shield is fabricated from Type 304 stainless steel.
At the upper end, the shield is supported by nine equally spaced

| lugs on the outer periphery of the core support barrel which
restrict axial and tangential motion of the shield. Directly
under each support lug is a preloaded positioning pin which is
threeded radially through the thermal shield and b"tts against
the cor. barrel. The lower end of the thermal shield is similarlyI restrained radially by seventeen positioning pins.

4.6.1.3.3 Core Support Plate & Lower Support Structure

The core support plate is a Type 304 stainless steel plate into
which the necessary flow distributor holes for the fuel assemblies
have been machined. Fuel assembly locating pins, four for each
assembly, are shrunk-fit into this plate. The fuel assemblies and
core shroud are positioned on the core support plate which forms
the top support member of the welded lower support structure
assembly consisting of a cylinder, a bottom plate, support columns,
and support beams.

4.6.2



4.6.1.3.4 Core Shroud

The core shroud provides an envelope for the core and limits
the amount of coolant by-pass flow. The shroud consists of two

I Type 304 stainless steel ring sections secured to each other and
to the core support plate by pre-tensioned tie rods. The core
shroud is shown in Figure 4.6.3.

4.6.1.4 Upper Guide Structure Assembly

This assembly, shown in Figure 4.6.4, consists of the upper
support structure, 65 (69 for Millstone 2 and St. Lucie 1)
control element assembly shrouds, fuel assembly alignment plate
and a hold <iown ring. The upper guide structure assembly aligns

| and laterally supports the upper end of the fuel assemblies,
maintains the Control Element Assembly (CEA) spacing, holds down
the fuel assemblies during operation, prevents fuel assemblies
from being lifted out of position during a severe accident con-
dition, protects CEA's from the effect of coolant cross flow in
the upper plenum, and supports the ICI plate assembly.

The upper end of the assembly is a structure consisting of a
support plate welded to a grid array of 24 inch deep beams and a
24 inch deep cylinder, which encloses and is welded to the ends
of the beams. The periphery of the plate contains four accurate-

| ly machined equally spaced alignment keyways, which engage the
core barrel alignment keys. This system of keys and slots
provides an accurate means of aligning the core with the closure

head and with the Control Elemeni 1 rive Mechanism (CEDM).

I The CEA shrouds extend from the fuel assembly alignment plate to
above the upper guide structure support plate. The single CEA

shrouds consist of cylindrical upper sections welded to integral
bottcm sections, which are shaped to provide flow passaces for
the coolant through the alignment plate while shrouding the CEA's
from cross flow. Dual CEA shrouds accommodate two adjacent and
interconnected CEA's. These shrouds have an oval shaped upper

4.6.3
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section welded to a flow diverting base section. The shrouds,

I are bolted and lockwelded to the fuel assembly alignment plate.
At the upper guide structure support plate, the single shrouds
are connected to the plate by spanner nuts. The dual shrouds
are attached to the upper plate by welding.

4.6.1.4.1 Fuel Assembly Alignment Plate

The fuel assembly alignment plate is designed to align the upper
ends of the fuel assemblies and to support and align the lower
ends of the CEA shrouds. Precisely machined holes in the fuel

| assembly alignment plate align the fuel assemblies. The fuel
assembly alignment plate also has four equally spaced slots on
its outer edge which engage with Stellite hardfaced guide lugs
protruding from the core shroud to limit lateral motion of the
upper guide structure assembly during operation. The fuel align-
ment plate bears the upward force of the fuel assembly holddown
springs. This force is transmitted from the alignment plateI through the CEA shrouds to the upper guide structure support
Plate flange and thence to the holddown ring.

4.6.1.4.2 Holddown Ring

The holddown ring is positioned on the upper guide structure and
engages with the reactor vessel head. The holddown ring functions

| to resist axial upward movement of the upper guide structure and
core support barrel assemblies and to accommodate axial diffe-

rential thermal expansion between the core barrel flange, upper
guide structure flange, the reactor vessel support ledge, and
reactor vessel head.

4.6.1.4.3 In-Core Instrumentation

The upper guide structure assembly also supports the in-core
instrumentation uide tubes. The tubes are conduits which protectI s

the in-core instrumentation and guide them during removal and
insertion operations.

4.6.4
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4.6.1.5 Flow Skirt

The Hi-Cr-Fe flow skirt is a right circular cylinder, perforated
~

with flow holes, and reinforced at the top and bottom with stiff-

ening rings. The flow skirt function is to improve core inlet

flow distribution and to prevent formation of large vortices in

the lower plenum. The skirt is supported by nine equally spaced
sections which are welded to the bottom head of the reactor
vessel.

4.6.1.6 Plant Specific (Fort Calhoun)

4.6.1.7 Core Support Assembly

The reactor internals for the Fort Calhoun plant are shown in
Figure 4.6.5. These internals accommodate a smaller number of
fuel assemblies and are shorter in length than those of theg
generic plant and differ from then in th'e following respects:

The core support barrel is 120 5/8 inches inside diameter and 25
feet long. The core support plat <: is attached at its periphery
to tne core support barrel. The plate is supported by columns
which transmit the loads to support beams welded to the core
support barrel.

A thermal shield is supported ~ at"the'uppe'r'end by eight lugs
on the outer periphery of the core support barrel.
The lower end is positioned radially by 16 pins which pass through
the shield and butt against the core support barrel.

The core shroud consists of an ascembly of vertical rectangular
plates attached to the core support barrel by horizontal stiffen-
ing plates, and at the bottom, to the core support plate by means
of anchor blocks.

4.6.1.8- Upper Guide Structure Assembly
' The upper guide structure assembly, shown in Figure 4.6.6, consists

of a grid support plate assembly, 41 control element assembly

| 4.6,5,
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| shrouds, a fuel assembly alignment plate and a holddown ring. The

upper end of the assembly is a flanged grid structure consisting
of an array of 24 inch deep beams. The grid is encircled by a 24
inch decp cylinder with a 3 inch thick plate welded to the cylinder.
The periphery of the plate contains four accurately machined and
located alignment keyways, spaced at 90 degree intervals, which
engage the core barrel alignment keys.

The Control Element Assembly (CEA) shrouds extend from the fuel

alignment plate to an elevation about 8 inches above the support
plate. There are 29 single-type shrouds. These consist of

| centrifugally cast cylindrical upper sections welded to cast
bottom sections, which are shaped to provide flow passages for
the coolant passing through the fuel alignment plate while
shrouding the CEA's from cross flow. There are also 12 dual-type
shrouds which consist of two single-type shrouds connected by a
rectangular section, shaped to accommodate the dual control
element assemblies.-

The shrouds are bolted to the fuel assembly alignment plate. At
the upper guide structure support plate, the single shrouds are
connected to the plate by the spanner ruts. The dual shrouds are
attached to the UGS support plate by welding.

A holddown ring is located between the reactor vessel head flange
and the upper guide structure to resist upward movement of the
UGS and core support assembly. This arrangement permits differen-
tial axial thermal expansion of the reactor. vessel flange and the
core support barrel and UGS flanges.

4.6.6
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4.6.1.9 plant Specific (Palisades)
'

4.6.1.10 Core Support Assembly

The reactor internals for the palisades plant are shown in

Figure 4.6.7. These internals differ from the generic
design as follows:I The core support barrel has a nominal diameter of 149-3/4",
a length of 27 feet, and a minimum wall thickness, in local
reduced barrel sections, of 1 inch. The core support plate,
1!3 inches thick, is a perforated plate with flow distribution

and locating holes for each fuel buadle. The plate is
supported by a ledge and by columns. The ledge on the CSB

supports the periphery of the plate and the plate is pinned,
bolted, and lockwelded to this ledge thus maintaining ac-
curate location of the plate. A series of columns are
placed between the plate and the beans located across the
bottom of the core support barrel. The core shroud consists
of a series of rectangular plates 145 inches long and of
varying widths. The bottom edges of these plates are fastened
to the core support plate by use of anchor blocks. The gap

between the outside of the peripheral fuel assemblies and
the shroud plates is maintained by seven tiers of centering
plates positioned during initial assembly by adjusting bushings
located in the core support barrel. Also within the core
support barrel just below +he nozzles are four guide pins
which align the lower end of the upper guide structure relative
to the core support barrel.

The Inconel flow skirt is a perforated right circular cylinder,
reinforced at the top and bottom with stiffening rings. The

skirt is hung by welded attachments from the core stop lugs
near the bottom of the pressure vessel and is not attached te
the core support barrel.

4.6.1.11 Upper Guide Structure Assembly

The upper guide structure assembly, shown in Figure 4.6.8, consists

4.6.7
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of a flanged grid structure, 45 control rod shrouds and a fuel
' alignment plate.

s

The upper end of the assembly is a flanged grid structure con-
sisting of a grid array of 18 inches deep long beams in one
direction with 9 inch deep short beams at 90 degrees to the
deeper beams. The grid is encircled by an 18 inch deep cylinder
with a 3 inch deep flange welded to the cylinder. The grid
aligns and supports the upper end of the control rod shrouds.

The control rod shrouds are of cruciform configuration and extend

from about 1 inch above the fuel bundles to about 2 inches abcVe
the top of the pressure vessel flange. They are 136 inches long
and enclose the control rods in their fully withdrawn position
above the core, thereby protecting them from adverse effects of
flow forces. The shrouds consist of four formed plates, which
are welded to four end bars to form a cruciform shaped structure.
The shrouds are fitted with support pads at the upper end machined
for a bolted and lockwelded attachment to the flanged grid structure.
The lower ends of the shrouds are also fitted with support pads
machined for a bolted and lockwelded attachment to the fuel bundle
alignment plcte.

The fuel bundle alignment plate is designed to align the upper end| of the fuel bundles and to support and align the lower ends of the
control rod shrouds. The fuel bundle alignment plate also hes four

| equally spaced slots on its outer edge which engage with Stellite
hardfaced pins protruding from the core support barrel to prevent

I

lateral motion of the upper guide structure assembly during oper-
ation.

.

I
|

4.6.8
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An arrangement of Bellville Type springs is mounted on the top of

! thc internals flanges to resist movement of the UGS and CSB, and
to acconmodate differential thermal expansion between the two
flanges and the reactor vessel seating area. ||

\

The upper guide structure assembly also supports the in-core
' instrument guide tubes.

I

I.

I

4.6.9
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4.6.2 INTERNALS ANALYSIS MODELS

| The postulated pipe breaks in the reactor cavity result in horizontal and

vertical forcing functions which cause the internals to respond in both

beam and shell modes. This section describes the structural models used

for determining these responses.

l
1| 4.6.2.1 DETAILED NON-LINEAR INTERNALS MODELS i
:

Detailed structural models were developed for the various plants and accounted

for the various differences in geometry. These mathematical models consisted I

of lumped masses connected by bar or beam elements which represented the

elastic properties of the actual structures. The method used to develop |

these models followed the procedures described in CENpD-42 (Reference 3.12)

and, in addition, included a more detailed representation of the interfaces

between the core support barrel, upper guide structure, and reactor vessel.

Hydrodynamic coupling effects caused by the water on either side of the core

support barrel were also included. These coupling terms were calculated as

a function of the structural geometry and boundary conditions.

Detailed lateral structural models were developed for the Calvert Cliffs,

Palisades, and Ft. Calhoun reactor internals. The Calvert Cliffs or generic
|

model is being used to represent the Millstone 2 and St. Lucie 1 internals
|

because of geometrical similarities (other than the thermal shield). This

approach results in conservative loads for Millstone 2 since the results

presented in CENPD-42 show that the presence of a thermal shield reduces the |

lateral LOCA loadings. The detailed lateral generic model is shown in

Figure 4.6.9 and the nodal locations are presented in Table 4.6.2. Similarly,
,

.
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the detailed plant specific lateral models are shown in Figures 4.6.11 and

4.6.4 and the node locations are presented in Tables 4.6.4 and 4.6.5.

In the axial direction, a detailed model was developed only for the Calvert

Cliffs reactor internals. This generic axial model is assumed to be

conservatively representative of the other plant internals. Figure 4.6.10

shows the generic detailed axial model and Table 4.6.3 presents the nodal

locations.

'

The computer program CESH0CK (Reference 3.13 ) was used to determine the

dynamic responses of the models when subjected to LOCA excitation. The

program solves the differential equations of motion for lumped parameter

systems using a direct step-by-step numerical integration procedure. The !

displacement, velocity and acceleration of each mass are determined as a

function of time. In addition, the member developed loads in all of the |

couplings are calculated at each time step and the maximum displacements

and forces are summarized for each problem.

4.6.2.1.1 HORIZONTAL MODELS AND LOADS

For the generic plant, the model for the horizontal direction was developed

using beam elements to represent the lateral stiffness between mass points.

Flexible components such as the fuel assemblies and the CEA shrouds were

modeled in greater spatial detail than those representing more rigid structures

such as the pressure vessel to assure accurate structural responses. The

lumped mass model represents the continuous distribution of mass and stiffness

exhibited by the actual structure. Rotary inertf as are included to properly

account for angular accelerations.

4.6.11
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Finite element models were used to compute the stiffnesses of complex
*

i

components such as the core support barrel upper and lower flanges. Non- |

linear springs were used to represent the possible impacting between various

components. A non-linear rotational spring between the upper guide structure

support plate and the fuel alignment plate represents the rotational restraint

exerted by the control element assembly shrouds.

The core support barrel upper region was modeled in detail to represent the

possible interactions between the core support barrel upper flange, upper

guide structure support plate and the pressure vessel ledge. Linear, non-

linear, hysteresis and friction couplings represent this complex interface

region. Rotational springs exhibiting bi-linear moment-rotation character-

istics are used to calculate the relative rotation between the upper flanges

which are held together by the holddown ring.

The non-linear gap springs used in the above interface region represent

possible impacting between the pressure vessel ledge, the core support

barrel upper flange and upper guide support structure plate, and between

the core support barrel cylinder and upper guide structure cylinder. The

hysteresis couplings account for the shear resistance of the alignment keys

to relative translational motion between the upper region components and the

friction elements represent the resistant forces developed by the normal

forces at this elevation. The four types of couplings described above

model the complex interactions that may occur in the flange interface region

during a LOCA.
|

|
The reactor core is represented in enough detail in the lateral internals model

to account for feedback effects on core plate motion. Nodes are located at

4.6.12
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each spacer grid elevation in each of the five columns of fuel which represent

the entire core. Non-linear couplings are used on the peripheral bundles to

represent the effects of spacer grid impacting.

Hydrodynamic mass effects are included for all of the components in the

reactor system. The effect of water in the core barrel / reactor vessel annulus

is accounted for by computing hydrodynamic coupling terms based on t.he

structural geometry and boundary conditions. Hydrodynamic masses are

computed for all other components in the system and directly combined with

structural masses.

The control element assembly shrouds are combined into four groupings which are

selected on the bases of similarity in lateral crossflow load distribution.

During a cold leg break LOCA, a rarefaction wave initially propagates downward

in the annulus between the core support barrel and reactor vessel. This

sudden depressurization causes the pressures in the circumferential direction

to vary asymmetrically with time. For this reason, a set of horizontal axes

both parallel and perpendicular to the hot leg nozzles centerline were chosen

to represent the two dimensional state of lateral LOCA loadings.

For the calculat'on of lateral direction cold leg break LOCA loads, a Fourier

decomposition of the asymmetric pressure distribution is first performed. Of

these coefficients, only the sine and cosine components result in a beam type

loading. These coefficients are then integrated over the surface area of the

core support barrel to obtain the dynamic LOCA forcing function. Figures

4.618 and 4.6.19 show the total core support barrel loads acting in two

4.6.13



. - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

,/

I
' perpendicular directions for the generic plant.

A hot leg break produces lateral crossflow loads which act on the control

element assemblies. These loads act in a direction parallel to the axis of

the hot legs and depend on the transverse pressure differentials and drag

effects. The total crossflow loads for the generic plant are shown in Figure

4.6.20.

The development of the Palisades and Ft. Calhoun internals models followed

the same procedures used in developing the generic plant model except that in

complex regions stiffnesses were calculated using approximate strength of

materials formulations instead of detailed finite elements models. The CEA

shroud groupings were determined on the basis of similar crossflow load

distributions. The modeling of the interactions between the reactor vessel,

core support barrel and upper guide structure followed the same procedures

as for the generic plant. In addition, the Ft. Calhoun and Palisades models I

have linear springs representing the core shroud former plates which connect

the core shroud to the core support barrel.

The lateral cold leg break LOCA loads were computed in directions both parallel

and perpendicular to the hot leg nozzle for Palisades and Ft. Calhoun following

the same procedures used in calculating the generic plant loads. The generic

plant lateral LOCA loads can be conservatively applied to Millstone 2 and St. '

Lucie 1. Plots of the total core support barrel loads for Palisades and

Ft. Calhoun are shown in Figures 4.6. 21 through 4.6.24.

For the hot leg break, lateral LOCA crossflow loads on the CEA shrouds were

4.6.14
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Thecomputed separately for the generic plant, Palisades, and Ft. Calhoun.^

crossflow loads on the Hi11 stone 2 and St. Lucie 1 plants are assumed to be

the same as those for the generic plant'. The generic plant shroud loadings

are larger due to the arrangement and / eater number of the larger dual CEA

shrouds. Figures 4.6.25 and 4.6.26 show the crossflow loads for Palisades

and Ft. Calhoun, respectively.

During the development of the generic plant horizontal model, several

different friction coefficients were used with constant normal forces in the

core support barrel upper flange interface region in order to determine the

effects on the internals responses. The chosen bounding case coefficients

were selected for stainless steel sliding 0.: na Mic:: steel. The lower

bound represented the generic plant baseline case using nominal values and

the upper bound included larger but justifiable values. Normal forces

resulting from the steady state loads on the internals were used in these

studies and the results indicated that many of the maximum loads were

reduced in the upper bound case.

I
Since the bending moments or, in effect, the normal forces vary with the

amount of relative rotation between the various surfaces, average preloads

were determined from the bounding cases. In order to calculate these

values, average resultant moments were first determined for each bounding

case froin a vector summation of the moments from the horizontal response

I analyses which were performed in directions parallel and perpendicular
'

to the hot legs. The average values of normal forces were then determined

from the sinusoidal force distributions produced by the bending moments.

I
4.6.15
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The above procedure was only used to calculate normal forces between the

core support barrel flange and reactor vessel ledge, the core support barrel

flange and upper guide structure flange, and between the upper guide structure

flange and the reacta.- vessel for the generic plant. Average values of normal
|

forces were computed from the hot and cold leg break baseline cases. The

results indicated that only the average normal force between the core support

barrel and the reactor vessel increased from the values used in the baseline case.

Additional horizontal response analyses were performed using the above revised

values M normal forces with nominal values of static and dynamic friction

coefficients. These increased frictfon cases were used to determine factors )

| which were defined as the ratios of loac calculated in the nominal friction

case and the baseline case. The results for the generic plant are presented j

in Section 4.6.5 for the internals and in Section 4.7.7 for the fuel. It is

assumed that the use of nominal friction values in the plant specific analyses
.

would result in similar benefits. )

|

4.6.2.1.2 VERTICAL MODELS AND LOADS

The generic plant vertical mc hl stiffnesses were calculated using bar

elements for most of the model members. Finite element analyses were !

employed for computing the stiffnesses of the core support barrel and

l
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upper guide structure flanges, the upper guide structure, and the lower

support structure. Non-linear couplings were included to account for

such effects as friction between the fuel rods and guide tubes, and

impacting between the various structural components.

The core support barrel upper region was modeled in det' ail to represent the

interaction between the core support barrel and upper guide structure flanges

with the pressure vessel ledge. The preloaded hold down ring was modeled

as a non-linear member which allows the flanges to move until the ring i

is flattened. The cxial members connecting the upper guide support flange, i

1

and pressure vessel ledge were modeled with compression only springs.

Finite element analyses were used to compute the multi-linear stiffnesses

of the core support barrel and upper guide structure flanges. Several

analyses were required since the fixed support boundary conditions imposed

on the models changed with the direction of loading.

Additional spatial detail was added in the fuel to accurately compute the

dynamic responses. The fuel rods and guide tubes were separately modelled
|

I
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using the properties of Zircaloy 4. Friction elements, which accounted for the

static and dynamic resistive forces, were used to represent the sliding

interactions between the fuel rods and spacer grids. A non-linear member

was used to represent the lower end fitting which car, only develop

compressive loads against the core support plate. The upper end fitting

was also modelled as a non-linear member and accounts for the steady state

preload forces exerted on the fuel and also the changes in preload as the

fuel moves relative to the fuel alignment plate.

The applied LOCA loads were calculated using a control volume formulation.

.In this method, the internals structure and contained water are sectioned

into solid plus fluid control volumes. Across each volume, the fluid momentum

equation is solved as a function of time to compute the LOCA loads. This

method accounts for fluid pressure and momentum effects which act on all of

the structures within each control volume.

Steady state initial preloads and static deflections were also calculated

for the generic plant models. These preloads are the result of structural

weights, holddowns, and normal operating flow forces. Without these values,

the model would not be initially at rest.

4.6.2.2 REDUCED INTERNALS MODELS

Reduced tiiree-dimensional models of the generic plant and Ft. Calhoun

reactor internals were developed from the detailed internals models for

incorporation into the reactor coolant system models. The Ft. Calhoun
,

! reduced internals model was specifically developed because of the major

4.6.18
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differences in the internals, reactor vessel supports, and applied LOCA

loadings. The purpose of these condensed internals models is to account

for the effects of the interaction between the internals and the vessel.

They are not intended to be used in the calculation of internals responses.

The reduced internals models are compatible with the reactor coolant system

model and the ccmputer programs utilized in the analysis of the coolant

system. The generic plant condensed internals model is shown in Figure 4.6.13

and nodal locations are described in Table 4.6.6. Similarly, the Ft. Calhoun

condensed internals model is shown in Figure 4.6.16 and the nodal locations

are presented in Tabir 4.6.7.

I The reduced internals models were developed to produce reactor vessel support

loadings equivalent to those obtained from the detailed internals models in

both the axial and horizontal directions. Figure 4.6.14 shows a comparison of

the generic detailed and reduced model reactor vessel support lateral responses

following a cold leg break LOCA. In this case, the core support barrel is

subjected to LOCA loadings caused by the asymmetric pressure differentials

acting on it. Figure 4.6.15 shows a similar generic model comparison of the

reactor vessel axial support loads following a cold leg break. Also, Figure

4.6.17 shows a similar comparison of the lateral support loads between the Ft.

Calhoun detailed and reduced internals models following the cold leg break.

4.6.2.3 CORE SUPPORT BARREL SHELL MODELS

Separate finite element models of the core support barrel were developed

for response analyses following both the hot and cald leg breaks. For

the cold leg break a dynamic response analysis was performed because of the

asymmetric nature of the resultant applied loading on the barrcl. Conv;rsely,

4.6.19
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i

the hot leg break results in uniform, axially varying compressive loads on

the barrel and its response to these loads was determined through a stability

analysis.

4. 6. 2. 3.1 SHELL VIBRATION MODEL (COLD LEG)

The core support barrel was modeled in detail using a finite element
'

representation. Thin cylindrical shells of revolution joined at their nodal

point circles were used as elements. The length of each element was a

fraction of the shell attenuation length and, at areas of structural

discontinuity, where rapid changes in the stress function occur, the nodal

points were more closely spaced. Separate shell models were developed for

Calvert Cliffs, Palisades, and Ft. Calhoun. The results of the generic

Calvert Cliffs analysis were used to ecnservatively assess the structural

integrity of the Millstone 2 and St. Lucie 1 core support barrels since it

has been shown in Reference 3.12 that the presence of the thermal shield

reduces the intensity of the LOCA loads acting on the barrel. The shell

vibration models for the generic model, Palisades and Ft. Calhoun, are

presented in Figures 4.6.27 through 4.6.29 respectively. I

Several boundary conditions were imposed on the finite element models to

simulate the proper restraints. At the upper flange, motion was restricted l
1

in the axial, radial, and tangential directions. The core support barrel

lower flange was restricted from moving in the radial direction by the lower

support structure and the snubbers prevented the adjacent elements from
'

displacing the tangential direction. In addition, the effect of the

weight of the internals components resting on the lower flange was considered

by increasing the n. ass density of the flange.

4.6.20
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4.6.2.3.2 SHELL DYf1AMIC STABILITY f40 DEL

A single generic plant (Calvert Cliffs) finite element model of the co e

support barrel shown in Figure 4.6.30 was formulated for use in the shell

stability analysis. The model and the results of the analyses were assumed

to conservatively apply to the other plants even though the Palisades and

Ft. Calhoun barrels conta r reduced thickness sections. This model is

applicable to tne latte! 'nts because the barrels are joined to the

core shroud with former pla w ..! act as radial stiffners.

The core support barrel model consisted of a series of cylindrical shell |

elements joined at their nodal point circles and included detailed repre-

sentations of the upper and lower flanges. The length of each element

was a fraction of the shell attenuation length and the nodal points were

more closely spaced at areas of structural discontinuities. Due to the ;

symmetric nature of the hot leg break applied loadings, the core support

barrel shell model was subjected to uniform pressure differentials which

were assumed to vary linearly in the axial direction. Since the barrel

upper flange is constrained against vertical motion by the reactor vessel

ledge, upper guide structure flange, and the hold down ring, an axial

restraint was imposed to prevent motion in this direction.

I
.
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4.6.3 INTERNALS RESPONSE ANALYSES

The dynamic responses of the reactor internals to the postulated pipe breaks
,

were determined using the various models described in the previous sections.

Horizontal and vertical analyses were performed for both the hot and cold

leg breaks to determine the lateral and axial beam mode responses of the

reactor internals to the simultaneous LOCA forces and reactor vessel motion

excitation. Shell response analyses of the core support barrel were also|
performed for both breaks to obtain the shell mode contributions to the

barrel stresses. Each of the above analyses were performed for the Calvert

Cliffe or generic plant. In addition, several of the analyses were also

specifically performed for Palisades and Ft. Calhoun. A detailed summary of

the various analyses is presented in Table 4.6.8.-

4.6.3.1 INLET (COLD LEG) BREAK ANALYSIS

The postulated cold leg break results in simultaneous' vertical and horizontal

beam and shell mode excitation. The horizontal responses to these excitations

were calculated for the generic plant, Palisades, and it. Calhoun

using the methods described below. The results of the generic plant intarnals

horizontal responses can be conservatively applied to Millstone 2 and St.

Lucie 1 since the presence of a thermal shield has been shown to reduce the

responses (Reference 3.12). An axial response analysis was performed only

for the generic plant. Shell response analyses of the core support barrels
|

were performed for the generic plant, Palisades, and Ft. Calhoun to obtain
|

the shell mode contributions of the components.

4.6.3.1.1 H0RIZONTAL RESPONSE

The dynamic time history responses of the reactor internals to the horizontal

loads resulting from the cold leg break were determined with the CESH0CK

4.6.22



code. The input to these analyses were the core support barrel force time

history and the reactor vessel motion time history which was determined

using the reduced internals models in the reactor coolant syetem analyses.

These motions were calculated at the reactor vessel ledge and snubber

elevations only for the generic plant and Ft. Calhoun. The generic plant

motions were also conservatively used in the Palisades response analyses.

The motions calculated for Ft. Calhoun account for its reduced size and the

smaller pipe break area.

I
The horizontal response analyses were performed in directions both parallel

and perpendicular to the hot legs because of the asymmetric nature of the

applied loadings. The results of these analyses were time dependent member

loads and nodal displacements, velocities and accelerations in both directions.

Time phased combined loadings were computed for all of the linear members.

For the non-linear members such as the snubbers and core shroud guide lugs, the

maximum tangential loadings were used. In addition, the core support plate,

core shroud, and fuel alignment plate displacement time histories were saved

as input to the detailed core model.

These loads were later compared to those presented in CENPD-42 for the generic

plant, Millstone 2, and St. Lucie 1. Similar comparisons were also made

against previously obtained results of pipe break analyses for Palisades and

Ft. Calhoun. The loads were compared in the vertica? direction and with the

g resultant of the horizontal directions. Conservatively calculated component

stresses using the combined maximum lateral and axial loads were computed if

the loads in a given direction exceeded any of the previously calculated values.
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hTimephasedcombinedaxialandhorizontalloadswereusedtoreducecon-

servatism whenever any of the conservatively calculated component stresses

I from the set of maximum loads exceeded the ASME code allowables.
Since the.

maximum horizonta'l and axial loads occurred at different times and resulted

in different component stresses, several calculations were made and the

" worst cases" were compared to the allowables. A further description of

this procedure and the results are presented in Section 4.6.5.

In order to determine the total core support barrel stresses, the beam mode

loadings (CESH0CK results) were combined with the shell mode loadings (ASHSD

results) at the times of peak loadings. The ASHSD results consisted of shell

forces, moments, and stresses as a function of time for each element in the

I These combinations included the maximum generic plant axial internalsmodel.

response loads from the CESH0CK analysis. Several time points were investi-

gated in order to determine the most conservative stresses and strer,s

intensities. Time phased load combinations were also used to reduce the

conservatism. Stress analyses using these methods were performed for the

I generic plant, Palisades, and Ft. Calhoun core support barrels. The results

of the generic plant assessment are conservatively applied to the Millstone 2

and St. LuHe 1 plants which have a thermal shield. This method of combining

loads more accurately represents the dynamic effects of the internals and

fuel on the beam response of the core support barrel.

4.6.3.1.2 VERTICAL RESP 0NSE

A detailed vertical response analysis was performed only for the generic plant

following the cold leg break. This approach resulted in internals and fuel
1

loads which are conservative for Millstone 2, Ft. Calhoun, and St. Lucie 1 l

1

because of the presence of the thermal shield. The results of this analysis I

are also directly applicable to Palisades. |

|

|
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In this analysis, the internals model (Figure 4.6.10) was subjected to '_0CA forces\

and reactor vessel motions obtained from the reactor coolant system ana. lysis
m

.

using the generic plant reduced internals model. The CESHOCK code was used to

perform the axiaT response analysis and the results consisted of maximam

member loads and nodal displacements, velocities, and accelerations. These

loads were ampared to the values previously calculated in CENPD-42 for the

generic plant, Millstone 2, and St. Lucie 1 and to the results of similar

analyses for Palisades and Ft. Calhoun. Whenever any of the new axial loads

exceeded the previous values, component stresses were calculated using the

maximum axial and combined horizontal loadings. Time phased load combinations

were used to reduce the stresses whenever the conservatively calculated stresses

based on the maximum load combination resulted in values which exceeded the ASME

code allowables. A further description of the procedures used and the final

results is presented in section 4.6.5.

The generic plant detailed axial response analysis also provided detailed

fuel assembly loads and deflections. The maximum d3veloped fuel bundle end

fitting loads were later used in the detailed stress an lyses of the fuel

rods and guide tubes for the generic plant and Ft. Calhoun. The generic plant
i

axial fuel bundle responses were conservatively assumed to be applicable to !
(

all of the other plants.

4.6.3.1.3 SHELL VTBRATION RESPONSE (COLD LEG) j

l

A cold leg break will cause the pressure transients to vary bcth circumferentially

and exially. During the calculation of the blowdown loads, these pressures are

computed at several equally spaced circumferential locations and at several axial

elevations. In order to compute the core support barrel asymetric LOCA loads.

a Fourier decomposition of the pressures is performed at each axial station.

A linear distribution is assumed between axial stations. The resulting pressure

coefficients are then integrated over the surface area of the barrel to obtain 1

the dynamic LOCA loads.

S&M
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The dynamic responses of the generic pie +. Palisades, and Ft. Calhoun

core support barrel shell models following the cold leg break with the beam

loadings (sin 0, cos 0) removed were determined by the ASHSD computer code,

(Reference 3.17). The code is applicable to axisymmetric structures of

arbitrary shape subjected to asymmetric static or dynamic loads. The ASHSD

code considers each load harmonic (Fourier tem) separately and superimposes

the response of each barrel harmonic to obtain the total response. Tha

output of the ASHSD code consists of nodal displacements, resultant shell

forces and shell stresses as a function of time.

I
The maximum displacements, forces, and stresses were later computed for the

various barrels using the results ? rom ASHSD. The results of the generic

analysis were conservatively assumed to be applicable to the Millstone 2

I and St. Lucie 1 barrels because of geometric similarities and the fact that

the presence of the thermal shield reduces the intensity of the LOC? loads

(Reference 3.12). The maximum loads obtained from these analyses were

combined with the horizontal and vertical CESH0CK core support barrel response

loads in order to obtain the resulting conservatively calculated stresses and

stress intensities. Time phased load combinations were also ased wherever any

of the ASME code allowables were exceeded.

4.6.3.2 CUTLET (H0T LEG) BREAK AflALYSIS

Horizontal and vertical nonlinear internals ar.d core support barrel shell

response analyses were performed for the hot leg break. Separate horizontal

analyses were performed for the generic plant, Palisades, and Ft. Calhoun. The

generic plant results were conservatively applied to the Millstone 2 and St. Lucie

1. internals. In the axial direction, a response analysis was only performed
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I for the generic plant.. In addition, a single core support barrel shell

| dynamic stability response analysis was performed for the generic plant

core support barrel and the results were conservatively applied to the plant

specific core support barrels.

I 4.6.3.2.1 HORIZONTAL RESPONSE

The dynamic time history responses of the generic plant, Palisades and Ft.

Calhoun reactor internals to the horizontal loads resulting from the hot

leg break were determined with the CESH0CK code. Input to these analyses

were the control element assembly shroud crossflow forces and the reactor

vessel motion time history determined from the generic plant reactor coolant

system analysis. The forces consider pressure differentials and drag

contributions which depend on the different locations and geometries. Due

to the symmetric nature of the pressure differentials around the core

support barrel, the transverse forces on the barrel and other internals

were negligible.

The response analyses were performed only in the direction parallel to the hot legs.

The results consisted of the maximum time dependent member loads and nodal

displacements, velocities, and accelerations. These loads were compared to

those presented in CENPD42 for the generic plant, Millstone 2, and St. Lucie 1.

The Palisades and Ft. Calhoun responses were compared to the previously

calculated results of pipe break analyses. Whenever any of the new loads

exceeded the previously calculated values, detailed combined load stress

analyses were performed using the maximum axial loads from the generic plant

vertical response analysis. Time phased combinations were also used to reduce

4.6.27
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the conservatism.whenever the above procedure resulted in calculated

stresses which exceeded the ASPE code allowables. The results of the analyses

and a further description of the procedures used are presented in Section 4.6.5.

| 4.6.3.2.2 VERTICAL RESPONSE

A single vertical response analysis was performed for the generic plant and

the results were conservatively used to evaluate the other plant specific

internals. The methods used in Section 4.6.3.1.2 are applicable to both the

hot and cold leg breaks.

4.6.3.2.3 SHELL DYt1AMIC STABILITY RESP 0NSE

The SA!HS0R/DYtlAS0R code (Reference 3.14 ) was used to determine the buckling

potential of the generic plant core support barrel following a hot leg break.

The SAMMSOR portion of the code was used to generate the mass and stiffness

matrices for the shell and the DYtlAS0R portion of the code calculated the

dynamic response using the Houbolt numerical procedure.

The analyses were performed for the second, third, and fourth cosine harmonics

using the maximum values of as built initial imperfections for the generic

plant. In these analyses, the applied transient loadings were circumferentially

uniform but varied linearly in the axial direction. Overload analyses using

factors of 1.33, 2.0, and 4.0 were also performed to determine the buckling

potential of the barrel. The resulting maximum radial displacements were
,

linear and were therefore well within the ASME code requirements for dynamic

stability. The results of this analysis can be conservatively applied to the'
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Other plants because the presence of a thermal shield reduces the Millstone 2

and St. Lucie 1 core support barrel loads (Reference 3.12) and the presence of the

core shroud former plates in the Palisades and Ft. Calhoun internals reduce the

deflections of the core support barrel in the region of the core shroud. In addi-
'

tion, the low level of load input magnitude and the results of the analysis indi-

cate that all of the responses are far removed from stability considerations.

I

.

I

I

I
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I 4.6.4 ACCEPTANCE CRITERIA

The acceptance criteria for the reactor intern:.is following a
loss of coolant accident (LOCA) is based upon maintainir.g the
core in place and assuring that adequate core cooling is pre-
served. This can be accomplished if the following criteria are
met. For the core support components, the stress intensities mustI be less than those listed in th' ASME Boiler and Pressure Vessel
Code, Section III, Division I, Appendix F. Meeting the stress
criteria for core support components assures that the core will
be held in place during a LOCA. The difference between the ASME

| Code allowables and the calculated stress intensities is reported
as margin. For the internal structures, the component deflec ians

g are limited so that the core is held in place, adequate core
cooling is preserved, and resulting loads do not adversely effect
the core support components.

4.6.4.1 Definition of Marain

The difference between the calculated stress intensity and the
allowable stress intensity per the ASME Boiler and PressureI ;

Vessel Code, Appendix F, is reported as margin. The margin was |
calculated as a percentage using the following equation- |

I3 allow - Scalc) X (100%)Margin =

S
Iallow

where the term S is the calculated. component stress intensity
|calc

being evaluated and the term S,)), represents the ASME Code
allowable stress intensity of 2.4S f r a membrane condition or

m
3.6S f r a membrane plus bending condition. The reported margin jm

is therefore a measure of the percent of the stress intensity
remaining beyond the calculated stress before the ASME Code

allowable stress intensity is reached. |

s

' e
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4.6.5 EVALUATION OF REACTOR INTERNALS

The reactor vessel internals have been analyzed for the asymmetric
LOCA leads. All structures analyzed were shown to have met the
acceptance criteria established in Section 4.6.4 of this report.

,

4.6.5.1 Load Comparison

The initial phase of the evaluation consisted of a compar: on of
the design verification LOCA loads used in the original analysis
as reported in CENPD-42 (Reference 3.12), and the present
asymmetric LOCA loads considering vessel motion. The three
components of the load, including the vertical and horizontal
shear forces and the horizontal mcment, were compared to the

original loads to determine if any portion of the load increased.
Any area of the reactor internals with a load component higher
than the design verification LOCA loads has evaluated by perform-
ing i new analysis using the new asymmetric loads.

The results of the load comparisor indicated that the only areas
of ti:e reactor internals which did not show an increase in loads
with the c.,ymmetric load analysis were the Core Support Barrel (CSB) |

upper and lower flanges for the Generic Plant. No further analysis ;

was performed for these components since the original, Ref. 3.12,
analysis had shown these areas to meet the requirements of Section
4.6.0 and the margin shown in Table 4.6.9 is conservatively based
on the previous design loads. All other areas of the reactor
internals for the Generic plants and all areas of the reactor
internals for the Fort Calhoun ano Palisades plants were re-
analyzed using the asymmetric loads to compute stress intensities.

4.6.5.2 Stress Analysis of Reactor Internals

The core support structure components are analyzed for the loads

| resulting from a LOCA, both inlet or outlet break, in combination
' '

with the mechanical loads associated with normal operating con-

ditions. The calculated stresses are combined to determine the

|
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,
maximum stress intensity which is compared with the membrane

allowable of 2.4S r the membrane plus bending allowable ofm
3.65m (as applicable) as defined .in the ASME Boiler and Pressure
Vessel Code, Section III, Appendix F. The elastic material
properties and stress allowables are conservatively taken at the
reactor internals design temperature of 650 F.

The vertical loads, from the C-E SH0CK code, derived for the

Generic plant were conservatively used for the plant specific
stress analysis. The reactor internal component sizes are

smaller in cross section for Fort Calhoun since there are fewer

| fuel assemblies, 133 for Fort Calhoun and 217 for the Generic
plant, see Table 4.6.1. In addition, the Fort Calhoun pipe
break sizes are less than the Generic plant. The only exception
to using generic vertical loads was the Fort Calhoun CSB center
section which was scaled by the ratio of the cross sectional

.I areas:

Area

i Vertical Force CSB Fort*
Fort

_ _ Calhoun X Vertical Force
Calhoun Area Generic

CSB Gereric

This ratio reduces the loads in the vertical direction, that were
calculated by applying a pressure time history to the component
areas for the Generic plant and then applying them to the smaller -

area of the Fort Calhoun reactor internals. The vertical force
scaled in this manner for Fort Calhoun, is still conservative

since the break size for Fort Calhoun is less than the break size
used to generate the Generic plant vertical loads.

The stresses from the vertical loads were combined with the stresses
from the horizontal shears and moments to obtain the stress inten-
sity for the reactor internals. The horizontal shears and moments

| were calculated for the specific plants by performing the dynamic
structural analysis using the C-E SH0CK code, once each for the
Generic, Palisades, and Fort Calhoun plantis.

.

For the Generic plants, additional dynamic analyses were performedI to compute the horizontal core support structure member loads
-

using different values of friction resulting in different' values of

|
'

!
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constraint at the CSB flange to reactor vessel ledge interface.
The horizontal loads used in the analysis were conservatively
based on the lower friction values, since the lower friction re- |

sulted in higher loads on all components except the lower support
beams and cylinder and the Control Element Assembly (CEA) shrouds. |

IThese components showed negligible increase in load with the
lower friction value.

For an inlet break, the analysis of the CSB cylinder was based on
the vertical and horizontal C-E SH0CK loads plus the stresses
calculated for the shall effects from the ASHSD. For an outlet
break, the stresses from the vertical and horizontal loads were

combined with the buckling stresses from the SAMMSOR/DYNASOR

results. The stresses on the reactor internals were largest
for the inlet break.

4.6.5.3 Results of Component Analysis

Tables 4.6.9, 4.6.10, and 4.6.11 Indicate that, for the asymmetric
LOCA loads, all the core support structurer meet the acceptance
criteria as stated in Section 4.6.7. Although the reported

| margins are small, less than 5% for some components, the analytis
was conservatively based on the C-E SH0CK loads using the lower

| friction value at the CSB flange to reactor vessel ledge inter-
face. Use of the nominal friction case would increase the margin
for all components listed except the lower support columns and
cylinder which, because of a slight increase in load, shows
negliJ ble change in margin with increased friction. The loweri

friction case was the only one examined for Fort Calhoun and
Palisades. It is expected that the nominal friction case, if run
for Fort Calhoun and Palisades, would provide similar load re-
duct. ions for these plants. This, in conjunction with the con-
servative use of the Generic plant vUtical loads on the smaller
set of Fort Calhoun internals, indicates that the stress margins
reported are conservative.

I
.
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The internal structures, which do not provide direct restraint
to the core, were evaluated and it has been shown that their

deflection will not adversely effect the function of the core
support structures, satisfying the acceptance criteria of
Section 4.6.4

4.6.5.3.1 Generic Plant (Calvert Cliffs 1 & 2 and Millstone II)

The calculated margins for the reactor internals components are
shown on Table 4.6.9.

4.6.5.3.2 Palisades

The calculated margins for the reactor internals components are
shown on Table 4.6.10.

4.6.5.3.3 Fort Calhoun

The calculated margins ^for the reacter internals components art
shown on Table 4.6.11.

..

e

I.,
,

4.6.34



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---

,

TABLE 4.6.1
|

MECHNIICAL SYSTEl15 AND COMPONEi!TS
.

COMPARIS0?! Of STRUCTURAL

DESIGft PARAMETERS

L. .

+ Fort
Parameters Generic CalhcJn Palisades

Plant

Structural

bean,in. 75-1/4 61-5/16 75-7/8
Upper CSB t, in. 2- 1/2 2 2

L, in. 135-5/8 101-3/8 109-1/4

Rmean, in. 74-7/8 61-1/16 75-5/8
Middle CSB t, in. 1-3/4 1-1/2 1 -1/2

L, in. 144-3/4 166-1/3 166-3/4

P
bear., in. 74-5/8 60-11/16 75-3/8

Lower CSB t, in. 2-1/4 2-1/4 2

L, in. 38 35-5/8 38-1/2

Lower cylinder >D, in. 141 Integral Integral
Core cylinder OD, in. 145 Integral Integral

,

Support cylinde L in. 42 Integral Integral

Structure supported CSB Integral Integral
Lower
Flange

CSB OAL, in. 328h 311k 318

Core shroud support Core Bolted to Bolted to i

support CSB CSB

plate 1

UGS

kean,in. 72-5/8 59-1/16 73-1/2 i

Cylinder t, in. 2 1.1/2 2

L, in. 24 24 18
i

Beans, in. 24xl-1/2 E4xl-1/2 18 x l-1/2
Plate t, in. 4 3-1/i None )

Thermal shield No * Yes No

flo, of loops 2 2 2
Inlet ID, in. 35-3/16 28-3/4 35-1/8

'

Outlet ID, in. 48 1/8 37 48

Cere support barrelCSB =

Upper guide structureUGS =

* Millstene & St. Lucie I have a thermal shield.
+ Calvert Cliffs 1 & 2. Millstone 2, St. Lucie I

'

. . .
,

. *e e

'
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FIGUR E 4.6.28
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FIGURE 4.6.20
FT. CALHOUN CSB MODEL
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Table 4.6.2

Generic Plant

lateral Model f; ode Locations

RODE DESCRIPTI0fl

1 Ground
2 RV 0 snubber locationI 3 RV
4 RV
5 RV 0 nozzle

I 6 RV
7 CSB lower flance
8 CSB 0 snubber location
9 CSBI 11 CSB

11 CSB
12 CSBI 13 CSB
14 CSB
15 CSB 0 nozzleI 16 CSB
17 CSB upper flange (top surface)
18 LSS

:19I Core support plate (center)
{20 Core shroud

21 Core shroud
22 Core shroudI 23 Core shroud
24 Core shroud
25 Core shroud

I 26 Core shroud
27 Core shroud
28 Core shroud

I Fuel alighment plate (center)29
34 + 91 Fuel
35 Fuel
36 Fuel
37 Fuel-

38 Fuel
39 FuelI 40 Fuel
41 Fuel
42 + 91 Fuel

'.] 79 + 41 CEA shroudsk 80 CEA shrouds
81 CEA shrouds
82 CEA shroudsI 83 + 41 CEA shrouds
99 UGS support plate

.

4.6.66



Table 4.6.3

[.__ . Generic Plant

Vertical flodel Node Locations

N0DE fl0DE LOCATI0ft DESCRIPTI0ft

1 CSB 0 upper surface of lower flange
2 CSB 0 snubbers
3I CSB 0 lower section thickness change
4 CSB
5 CSB
6 CSBI 7 CSB
8 CSB
9 CSB

I 10 CSB
11 CSB
12 CSB
13 CSB 0 top of upper flange
14 LSS 0 top of grid beams
15 Core support plate cer.ter
16 Fuel assembly 0 CEF plateI 17 Guide tubes*

18 Guide tubes
19 Guide tubesI 20 Guide tubes
21 Guide tubes
22 Fuel assembly 0 UEF plate

I Center of fuel alignment plate23
24 Fuel rods
25 Fuel rods
26 Fuel rods
27 Fuel rods
28 Fuel rods
29 Base of core shroudI 30 Core shroud
31 Core shroud
32 Top of core shroud

I 33 CEA's
34 CEA's
35 CEA's
36 CEA's
37 CEA's
38 Top of UGS support plate
39 Reactor vessel ledge
40 Reactor vessel 0 outlet nozzle 1
41 Reactor vessel
42 Reactor vessel supports

I Reactor vessel 0 top of core shroud43
44 Reactor vessel
45 Core shroud node

4.6.67
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Table 4.6.4

Omaha Lateral flodel''

Node Locations

N0DE DESCRIPTION

3 R.V. Ledge
4 R.V.I 5 R.V. O outlet nozzle centerline
6 R.V. O TS lug
7 R.V.
8 R.V. O TS pin
9 R.V. O snubbers

10 TS

11 TS
12 TS
13 CSB upper flange (top surface)
14 CSB

15 CSB 0 outlet nozzle centerline
16 CSB

17 CSB 0 TS lug
18 CSB

19 CSB

20 CSB 1

I 21 CSB 0 TS pin |
22 CSB 0 snubbers !
23 CSB Bot. surface of lower plate i

I 24 Core shroud
25 Core shroud
26 Core shroud
27 Core shroud
28 Core shroud
29 Core shroud
30 Core shroud

I 31 Core shroud
32 Core shroud
35+91 Fuel

I 36 Fuel
37 Fuel
38 Fuel
39 Fur
40 Fuel

,

41 Fuel '

42 Fuel
43 Fuel
33 Center FAP
34 Center CSP
80+51 CEA shrouds
81 CEA shrouds i
82 CEA shrouds

'

83 CEA shrouds ,

84 CEA shrouds
'

100 UGS flance (top surface)
1 01 Top surface LSS beam flanges

4.6.63



Table 4.6.5

Palisades Le' *al !!odel

flode Locations

.

N0DE DESCRIPTIONI 2 Pressure vessel 0 snubber location
3 Pressure vessel

I 4 P; ecsure vessel
5 Pressure vessel 0 FAP location
6 Pressure vessel 0 outlet nozzle centerline
7 Pressure vessel
8 Pressure vessel @ ledge
9 CSB Bot. surface of lower plate

10 CSB 0 snubber locationI 11 CSB 0 CSP location
12 CSB
13 CSB
14 CSB
15 CSB
16 CSB 0 FAP location
17 CSB
18 CSB 0 outlet nozzle centerline
19 CSB
20 CSB 0 top of upper flangeI 21 LSS-top of support beam flanges
22 Core support plate (CSP)
23 Core shroud (CS)
24 CS
25 CS
26 CS flote: Each CS node is located
27 CS adjacent to a spacer grid.
28 CS
29 CS
30 CS
31 CS
32 CF
33 Fuel alignment plate (FAP)
34+101 Fuel
35+10i Fuel
36+101 Fuel
37+101 Fuel Note: Each fuel node is locatedI 38+101 Fuel at a spacer grid.
39+10i Fuel
40+101 FuelI 41+10i Fuel
42+10i Fuel
43+10i Fuel

I 84+5i Control element assy. shroud (CEA)
85+51 CEA
86+51 CEA
87+5i CEA
88+51 CEA 0 bottom of UGS cylinder

104 Top surface of UGS cylinder
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Table 4.6.6

Generic Plant

Reduced Internals Model Mode Locations

| Node Description

1 Top surface UGS flange

B
2 Center CEA shrouds
3 Center fuel alignment plate |

4 Upper end fitting fuel

I 5 Fuel
6 Fuel
7 Fuel
8 Lower end fitting fuel
9 Center core support plate

10 Top surface CSB lower flange
11 Core shroud

I 12 CS

13 Top surface CSB upper flange
14 CSB at outlet nozzle centerline
15 CSB
16 CSB

i
17 CSB at snubbers
18 PV ledge
19 PV at outlet nozzles
20 PV

21 PV
22 PV at snubbers
23 PV support
24 PV support

I

I
I
I

4.6.70
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Table 4.6.7

Omaha

Reduced Internals Model !! ode Locations

Node Description

- 1 PV Support
2 PV Supoort
3 Pressure Vessel 0 Ledge
4 Pressure Vessel
5 P.V. 0 Outlet Nozzle Centerline
6 P.V. 9 TS Support Lug
7 P.V.
8 P.V. G TS Support Pin
9 P.V. O Snubbers

10 TS 0 Support Lug )
11 TS

l
12 TS 0 Support Pin
13 CSB Upper Flange (Top Surface)
14 CSBI 15 CSB 0 Outelt !!ozzle Centerline
16 CSB
17 CSB
18 CSB

19 CSB 0 Snubbers
20 TS (Top Surface)
21 TS
22 UGS Flange (Top Surface)
23 CEA Shrouds
24 FAP (Center)
25 CSP (Center)
26 Fuel
27 Fuel
28 Fuel
29 Fuel
30 Bot. Surface of Lower Plate

4.6.71
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SUWARY OF X?{PUT Afl0 AtlALYSES PERFORMED

Operating Plant Asymmetric Loads Evaluation

Calvert Cliffs Palisades Ft. Calhoun
(Generic Plant)

(I'2)
Generic Plant lateral X X

Vessel Motions

Plant Specific Lateral X X X

LOCA Loads

Internals Axial Response X
- -

Analysis

CSB Vibration Analysis X X X

*
.

( CSB Stability Analysis X -
-

-

m

(3) (4)
Lateral Fuel Analysis X

Axial Fuel Analysis X
--

Beam Column Analysis X - -

NOTES:
1. Generic plant lateral vessel motions were used only for the hot leg break.
2. Ft. Calhoun reactor vessel motions were used in the cold leg break analyses.
3. Generic piant model with Palisades input displacement time histories.

,

4. Plant specific analyses

TABLE 4.6.8

. _ _ _ _ . . -______ _ . _ _ _ _ _ _



l
J

|
-

l

CALCULATED REACTOR INTERflALS STRESS f4ARGIN |

GEllERIC PLANT i

(CALVERT CLIFFS 1 & 2, MILLST0!!E 2)

TABLE 4.6.9
,

)

| CORE SUFF'0F T COMPONENT STRESSMARGIfl*(PERCEllT)

!

CORE SUPP0FT DARREL

UPPER FL/flGE 39%

UPPER CLYIilDER 52%

CEflTER CYLIflDER 32%

LOWER CYL IflDER 36%
'

LOWER FLANGE 2%

LOWER SUPPORT STRUCTURE

SUPPORT COLUMNS 48%

BEAf1S & CYLINDER 22%

CORE SUPPORT PLATE 6%

UPPER GUIDE STRUCTURE

UGS FLAtl6E 19%

GRID BEAMS 2%I CEA SHROU0S 1%

* STRESS f1ARGIN AS DEFIflED Ill SECTION 4.6.4.1
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I CALCULATED REACTOR IllTERilALS STRESS !!ARGIflS |
1PALISADES

TABLE 4.6.10 |
|

I
CORE SUPPORT COMP 0flEllT STRESSf;ARGIll(PERCEflT)

I
COP.E SUPPORT BARREL

UPPER FLAtlGE 6f
UPPER CYLIflDER 7%

CEflTER CYLIflDER 11"

LO!!ER CYLIllDER 16%
.

I .

L0tlER SUPPORT STRUCTURE

CORE SUPPORT PLATE 13%

SUPPORT COLUMf15 2%

BEAMS 3%I
UPPER-GUIDE STRUCTURE

I FLAtlGE & CYLIflDER 23%

GRID BEAf!S 1%'I C0flTROL R00 SHROUDS 38%

I
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I
CALCULATED PE'CTOR IrlTERflALS STRESS f1ARGIllS

FORT Call 10 Vfl

T*3LE 4.6.11

CORE SUPPORT COMPC.E'.~ .STRES:i 11ARGIll (PERCEflT)

CORE SUPPORT DARREL

UPPER FLMME 17%.

UPPER CYLillDER 3%

CEf1TER CYLIllDER 24

LO!lER CYLIllDEP, 19%

LO!!ER SUPPORT STRUCTL;E

CORE SUPPORT PLATE 1%

SUPPORT C0!.UMfiS 38%

BEAMS 13%

UPPER GUIDE STRUCTURE

FLAtlGE AftD CYLIfiDER 12%

GRID BEAf1S 20%

CEA SliROUDS 9%

|

|

4.6.75

- -



I i
'

4.7 FUEL

4.7.1 COMBUSTION EllGINEERIllG FUEL ASSEMBLY DESCRIPTION

The Combustion Engineering 14x14 fuel assembly (Figure 4.7.1)
consists of 176 fuel rods, five control element guide tubes,
one Incenel and eight Zircaloy fuel rod spacer grids, a lower
end fitting, and an upper end fitting which incorporates a
holddown device. The guide tubes, spacer grids and end fittingsI form the structural frame of the fuel assembly.

The lower end fitting consists of four posts and a flow plate,
fabricated as a single strainless steel casting. The posts are

designed to receive the alignment pins of the core support plate
and thereby provide posi.tive lateral locating of the lower end
of the fuel assembly. The flow plate consists of an open lattice-
work of interconnecting ribs which permit the coolant flow to
enter the fuel assembly and at the same time provide bottom
support for the fuel and poison rods. Portions of the louer end
fitting are machined to accept the guide tube lower ends and the
flow skirt of the Inconel grid.

The upper end fitting assembly consists of two cast CF-8I stainless steel plates, five 304 stainless steel machined posts,
and five helical Inconel X-750 springs. The upper end fitting
assembly attaches to the guide tubes and has features which
provide for grappling of the fuel assembly, locating the top end
of the fuel assembly laterally, and a holddown capability (except
in the Ft. Calhoun plant, where the springs serve only to locate
one of the stainless plates for fuel handling).

The lower cast plate is similar to the plate of the lower end
fitting in that it also has an open lattice-work of interconnecting
ribs which permits coolant flow to leave the fuel assembly with
little restriction. The plate has four machined holes which
receive the outer posts and a threaded center hole to receive the
center post.

4.7.1
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The upper cast plate consists of four arms connected by a central
ring and has features which permit positive grappling during fu 1
handling. Both the arms and the central ring are nachined to
permit free passage of the plate over the interfacing post
surfaces.

The four outer posts of the upper end fitting mate with holes in
the fuel alignment plate to locate the upper end of the fuel
assembly. The center post is threaded into the lower cast plate
of the upper end fitting and locked in place by welding.

The upper end fitting is assembled to the fuel assembly by the
four outer posts which are threaded into the mating portion of
the outer guide tubes. When assembled, the upper cast plate of
the upper end fitting is preloaded by the springs which surround
each post. In the Calvert Cliffs and Millstone ? plants, the

upper cast plate reacts with the fuel alignment plate to further
compres:> the springs in order to develop the force necessary to
keep the fuel assembly seated upon the core support plate during
reactor operation.

The outer guide tubes are Zircaloy-4 and are fabricated by
welding a fitting to each end. The lower threaded portion mates

with the lower end fitting. The upper threaded portion provides
a means by which the upper end fitting may be assembled to the
guide tubes. The center guide tube, also of Zircaloy-4, is of
one piece construction.

The guide tubes provide a path for the control element assembly
fingers, house in-core instrumentation and neutron sources, provide
a deceleration zone for scramming control element assemblies, andI provide a basic frame to which the grids are assembled and welded
in place. The subassembly of grids and the lower end fitting form
what is called a grid cage and when coupled with the upper end
fitting form the basic structural frame of the fuel assembly.

4.7.2 -
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The fuel rod spacer grids (Figure 4.7.2) are fabricated from
preformed Zircaloy or Inconel strips (the lower spacer grid
material is Inconel), interlocked in an egg crate fashion,
and welded together. The spacer grids maintain the fuel rod
pitch over the full length of the fuel rods by providingI positive lateral restraint. The fuel rods are restrained from
axial motion by the frictional forces developed by the spacer
grid leaf springs. Each cell of the spacer grid contains two
leaf springs and four arches. Each leaf spring presses the
fuel rod against two arches, thereby restricting relative motion
between the grids and the fuel rods. The spring and arch

positions are reversed from grid to grid to provide additional
restriction to relative motion. The perimeter strips which
surround the egg crate construction also contains springs and
arches in addition to features which prevent hangup of grids
during fuel handling.

The eight Zircaloy-4 spacer grids are fastened to the Zircaloy-4
guide tubes by welding. Each grid is welded to each guide tube at
eight locations, four on the upper face of the grid and four on
the lower face of the grid, where the spacer strips contact theI guide tube surface. The lowest spacer grid (Inconel) is not
welded to the guide tubes because of material differences. The
perimeter strip of the Inconel grid is welded to the perimeter
of the lower end fitting.

I The fuel rods consist of U02 pellets, a compression spring, and ;

spacer discs, all encapsulated within a Zircaloy-4 tube which isI welded into a hermetic cnclosure. The fuel cladding is slightly

cold worked Zircaloy-4 tubing.

The Calvert Cliffs 1 and 2, Millstone 2, and Ft. Calhoun fuel
assemblies are identical except for the slightly reduced lengths |
in Ft. Calhoun as indicated on Figure 4.7.1. The shcrter ]
guide tubes, fuel rods, and end fitting posts in Ft. Calhoun |

do have identical diameters as those in the same components in |

the other plants.

4.7.3
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4.7.2 FUEL TESTING

All fuel assembly structural testing has been completed in
accordance with the test scope originally outlined. These
tests were conducted on 14 x 14 fuel assembly components
representative of 'the plants covered by this report. The
discussion below outlines each test and presents some of
the actual test data.

4.7.2.1 Static Load-Deflection Tests

For the lateral load-deflection tests, the full size fuel

assemfily was mounted in the seismic test stand and with-
drawn laterally in specified increments. Measurements in-

I clude: lateral load, lateral deflection at several spacer
grids, and guide tube strain at several locations. Addi tional
measurements were made whicn allowed calculation of the stiff-
ness of the spacer grid / guide tube joint. A schematic of
the test set-up is shown in Figure 4.7.3.

A typical load-deflection curve is shown in Figure A-1 of

I Appendix A. Fuel assembly lateral stiffness and hysteretic
response were established by this data. At each increment
of lateral load, strain and guide tube-epacer grid rotation
measurements were made.

4.7.2.2 Fuel Bundle Dynamic Tests

for the lateral fuei assembly impact test, the bundi' was
mounted in the same test stand as was used for the . .d-

deflection test. The bundle was withdrawn a specified
distance, released, and allowed to strike a plate which
simulated the core shroud. The dynamic response of the
bundle was mcnitored by measurement of displacement vs.

'

I time at three (3) spacer grid locations and velocity vs.
time at the central spacer grid. A load cell recorded impact
load at the central spacer grid. This test was performed in
air and water environments in order that water effects might
be evaluated. A schematic of the test set-up is shown in
Figure 4.7.4.

I '

Figure A-2 in Appendix A shows typical impact load data.

I
4.7.4



Figures A-3 and A-4 of Appendix A show typical data on
fundamental frequency and damping ratio for the free vib-
ration decay. (These data were taken on the above testI fixture with the impact plate removed so that no impact-
ingoccurred.)

4.7.2.3 Spacer Grid Impact Test

For the spacer grid impact tests, a fuel assembly section
' consisting of a spacer grid with guide tubes and fuel rods

corresponding to one spacer grid span was mounted in a
test fixture. With this fixture, the entire fuel assemblyI section could be dropped from a specified height and allowed
to strike an impact surface, or a weight could be dropped
and allowed to impact on the spacer grid. From these tests ,

I spacer grid dynamic characteristics and structural strength were
determined. In addition, the fuel assembly section drop
tests were performed in water to establish fluid cushioning

I behavior during impact. A schematic af the test setup is shown
in Figure 4.7. 5.

The air " weight drop" test was used to determine grid strengthI when s through grid load is applied. This loading is representa-
tive of a bundle being simultaneously loaded from both sides.
The fuel section drop test was used to determine grid strength
when a one-sided load is applied. This loading is representa-
tive of a free bundle impacting against another bundle or the
core shroud. For both of these tests, drop height was incrementally
iricreased until the grid strength was established. The cold grid
strengths determined for through-grid and one-sided loads are
shown in Table A-1 of Appendix A.

The drop tests in water were conducted with flow restriction
plates that simulated fluid effects for the in-reactor geometry.
Figure A-5 shows typical data from this tast.
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4.7.3 TUEL AflALYSIS f40DELS
.

Detailed structural lumped mass-spring models of the fuel assemblies were

developed based on a correlation with static and dynamic test results.

These models were analyzed for both hot and cold leg breaks with the CESH0CK

code (Reference 3.13). The resulting component loads and displacements

were used to determine fuel assembly stresses and spacer grid impact loads.

A beam column model of a full assembly was also developed for use in an

analysis of simultaneous axial and lateral loading.

4.7.3.1 HORI70rlTAL f40 DEL

A gereric horizontal fuel assembly model was developed for Calvert Cliffs,

St. Lucie 1, and fiillstone 2 from correlation studies with test data. The

model was used to represent the core in the detailed internals model and a

row of fuel assemblies in the fuel analysis model (Figure 4.7.6). The

detailed core model was excited by applying the fuel alignment plate, core

shroud and core support plate motions obtained from the detailed internals

models with pipe rupture loads and vessel motions considered.

The lateral fuel assembly model was developed 'to exhibit a dynamic response

similar to that of the test bundle. The fuel assembly was modeled with a

I

I
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constant flexural rigidity and a rotational spring at each end. The magnitude

of the bending stiffness and torsional spring constants were ehtained from a

correlation of static deflection test data in conjunction with observed

fundamental frequencies derived from the pluck vibration tests of the bundle

in air. The added mass coefficients for the fuel assembly were determined

from the pluck vibration tests in water.

The detailed fuel model includes non-linear elements which represent the

possible impact between adjacent fuel assemblies and peripheral assemblies and

the core shroud. The magnitude of the impact stiffness was derived from correla-

tion with pluck impact test results. Also, the grid strengths and coefficient

of restitution were determined from spacer grid tests.

A separate core model was developed for Ft. Calhoun. The model deviates from

the generic model with respect to the number and size of the fuel assemblies,

and the number of columns of fuel modeled across the core. The fuel structural

properties for the Ft. Calhoun core were determined using factors applied to

the generic fuel .r.odel which accounted for changes in length and the differences

in end fittings.

The generic plant model was also used for a preliminary asnssment of the

Palisades fuel; however, additional evaluations are needed to account for

the differences between the Palisades fuel which is supplied by EXX0M Nuclear

Co. and the generic plant fuel. These evaluations are discussed in Appendix B.

4.7.3.2 VERTICAL MODEL,

A vertical fuel assembly model was developed for use only in the generic plant |

detailed axial internals model (Fig. 4.6.10). The model included nonlinear

4.7.7
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couplings to represent the end fittings and separate parallel branches -

representing the grid cages and the fuel rods. Friction elements were used

to represent the stick-slip motion between the rods and spacer grids. The

model was subjected to both LOCA and drag loads which were computed with the

control volume method utilizing an integrated fluid momentum equation. The

drag loads were composed of both frictional and spacer grid form drag.

Frictional drag was apportioned to both the fuel rods and guide tubes and

was calculated using friction factor which was dependent on the flow channel

equivalent diameter, cross sectional area, fluid flow rates and densities.

The form drag was calculated using an experimentally determined loss factor

correlation as a function of Reynolds flumber. In addition, crud effects were

| accounted for by multiplying the drag loads by ar, emperically determined

factor. The results of the LOCA response analyses with reactor vessel motion

applied were conservatively applied to the plant specific analyses.

| 4.7.3.3 DYt1AMIC BEAM - COLUtift MODEL

A detailed mathematical model of the generic plant fuel assembly shown in

Figure 4.7.2 was developed based on correlation with static and dynamic

test results. The test results included lateral static stiffness, pluck

vibration and spacer grid impact data. The guide tubes and upper and

lower end fittings were modeled with two dimensional beam elements. The

fuel rods were modeled with a series of spar elements such that vertical

sliding forces between the fuel rods and spacer grids and impact forces

between the fuel rods and flow plates are accounted for in the model.

The flexural rigidity of the fuel assembly is included in tne structural

properties of the guide tube and end fitting members. These members

fona the grid cage space frame which supports the fuel rod arrays.I
4.7.8
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T At locations where gaps may occur (e.g., fuel rod / lower end fitting flow

plate interface) spring / gap elements acting in the direction normal to

the impact surface are used to represent its dynamic characteristics.

Nodal locations and coordinates of the beam-column are presented in

Figure 4.7.3. The beam-column fuel assembly model was used in a dynamic

response / stability analysis of simultaneous axial and lateral LOCA loading.

Hydrodynamic mass effects are modeled via dynamic fluid coupling elements

between the guide tube nodes and a fixed point of reference. The fluid

coupling element modifies the structural mass matrix. The properties of

the fluid coupliitg element were selected to yield a beam-column model

fundamental natural frequency in the lateral direction equivalent to that

obtained from free vibration test data in water.

The dynamic characteristics of the beam column model in the vertical

direction are verified by comparing its calculated natural frequencies to

those obtained via theoretical eigenvalue analysis of the fuel assembly 1

components.

Effects of adjacent structures in both the lateral and vertical directions

were included in the beam-column model. See Figure 4.7.4. Structural

members between the subject peripheral fuel assembly (results of Section
,

4.7.4.1 demonstrate the peak lateral response to occur in the peripheral |
|

I
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[ assembly) and the adjacent fuel assembly or core shroud represent the
.

appropriate impact stiffness and initial nominal gap. Interface between

the fuel assembly and corc support plate (CSP) or fuel alignment plate

(FAP) is represented by rotational spring and spring / gap elements.
|

However, vertical analyses described in Section 4.7.4.1 indicate the

linear hold down springs located between the FAP and fuel assembly to be

active throughout the dynamic response history. Therefore, only a linear l

|
member is required at this location to model the interface between the

fuel assembly and FAP.

1

l
|

1

1

!

I

1
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4.7.4 FUEL RESPCflSE ANALYSES
'

| The detailed horizontal core models consisting of the longest row of fuel

assemblies across the core were analyzed for both hot and cold leg breaks.

The CESH0CK code was used to perform these analyses which were done in

directions both parallel and perpendicular to the hot legs following the

cold leg break and parallel to the hot leg for the hot leg break. The

| results of these analyses included spacer grid impact loads and component

loads and displacements which were later used in the fue'l assembly stress

evaluation. Detailed axial core response analyses were not performed since

the fuel loads obtained from the axial generic plant internals analysis

were conservatively assumed to apply to all of the other plants. The

procedures used and the results of the fuel evaluation are presented in

Section 4.7.6 and Appendix A.

4.7.4.1 INLET BREAK ANALYSIS

Detailed lateral response analyses for a cold leg break were performed using

CESH0CK for the generic plant, Palisades, and Ft. Calhoun. The %put excitation

was the core support plate, fuel alignment plate, and core shroad displacement time

histories which were calculated from the detailed internals response analyses.

| The results of the analyses were the maximum fuel bundle moment , shears, and

displacements and the maximum one sided spacer grid loads. The maximum through

grid or the steady state components of loading acting simultaneously on both

sides of the grfis were also calculated. These results were later used to

perform a stress evaluation of the fuel.

The rcsults of the generic plant fuel are directly applicable to Millstone 2.

St. Lucie 1, and Calvert Cliffs 1 and 2. The Ft. Calhoun analyses were performed

i 4.7.11
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using motions Obtained from the plant specific internals analyses and the.

Palisades analyses were performed using the generic plant model with plant

specific motions used as the input excitation.

I
4.7.4.2 OUTLET BREAK AtlALYSIS

Lateral response analyses for a hot leg were performed in the direction

parallel to the hot legs using the detailed fuel models. The methods

described in Section 4.7.4.1 are directly applicable to the hot leg breaks.

4.7.4.3 DYtlAMIC BEAti-COLUMil ANALYSIS

I TL dynamic beam-column analysis determined any additional bending stress and

stability of the fuel assembly due to concurrent lateral and axial loading.

The response included interaction with other structural components in the

lateral and vertical directions. The detailed beam-column model was developed

to be consistent with the general purpose finite element code ANSYS (Reference

3.22). A planar non-linear transient dynamic response analysis of the beam-

| column model was performed via ANSYS similar to that described in Reference

3.11, Section 5. By employing the large deformatior option, deflection

under load was used to continuously redifine the structural geometry, thus

producing a revised stiffness matrix.I
The starting time of the dynamic beam-c,olumn analysis was selected to include

regions of the LOCA response history during which peak lateral loads coexcited

with significant axial loads. Results of the analyses presented in Sections

4.7.4.1 and 4.7.4.2 indicated that the peak fuel assembly responses in

separate lateral and axial directions occurred during a full power inlet break

4.7.12
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I in the Z-direction (Figure 4.6.9). The peak axial responses occurred at approxi-

| mately 100 msec. Preliminary beam-column analyses !.ve shown that beam-

column effects are more sensitive to lateral bending moments than to axial

forces. Therefore, the critical time range with respect to beam-column

effects is 180 to 200 msec. A 170 msec start time was selected and the

detailed beam-column analysis was perfomed to 210 msec.

Initial conditions obtained from the separate axP e d lateral analyses at

170 msec were applied to the beam-column model. Ami displacements and

velocities at 170 msec were applied to the model at guide tube, fuel rods,

core support pl ;e and fuel alignment plate node locations. In addition,

axial LOCA and drag loads were applied to the guide tubes and fuel rods.

In the lateral direction displacements, rotations, velocities, and angular

velocities were applied at guide tube, core support plate, and fuel

alignment plate node locations. In addition, the lateral displacements and

velocities of the nodes representing the adjacent fuel assembly and core shroud

| were defined at 170 msec.

Loading tirne histories were specified from 170 msec to 210 msec. These

consisted of axial LOCA ar.d drag loads on the guide tubes and fuel rods;

displacements (in both axial and horizontal direction) at the core support

| plate and fuel alignment plate; rotations at the core support plate and

fuel alignment plate and lateral displacements of the nodes representing the

adjacent fuel assembly and core shroud. Therefore, the beam-column analysis

accounted for all interactions between the subject fuel assembly and the

I
'| 4.7.13
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| remainder of the reactor internal components in the lateral and axial

direction.

I
The results of the analysis included transverse shears, moments, axial loads,

and nodal displacements as a function of time. These results were later

used to perform a stress analysis of the fuel assembly. The results of

this analysis indicate that the beam column effect does not significantly

increase the maximum fuel bundle stresses.

|
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4.7.5 LOCA C0llDITI0fl CRITERIA FOR FUEL ASSEMBLY EVALUATI0il

The basic functional requirement which must be satisfied by
the fuel assembly during the event is that the structural

components of the assembly (end fittings, guide tubes and
grids) must be capable of maintaining the fuel rods in a
coolable array when subjected to the mechanical loads predicted
to result from the occurrence of the event.

In order to permit analytical determination of the capability
of the fuel assembly to satisfy the above functional require-
ment, specific quantitative criteria are established for each
structural component in the fuel assembly. These specific
criteria (listed by component) are discussed in the following
sections.

4.7.5.1 Upper and Lower End Fitting Castings

The end fitting castings are made from 304 stainless steel,
Grade CF-8. The adequacy of these components to withstand
the mechanical loads is determined by calculating the stress
intensities resulting from loads and comparing the calculated
stress intensities with limits defined by:

a. The primary membrane stress intensity, Pm, must not
exceed 2.4 Sm, where Sm is the design stress intensity
value for nominal conditions and is equal to 10,500 psi.
Therefore, the maximum allowable primary membrane stress

intensity is equal to 2.4 x 10,500 or 25,200 psi.

b. The sum of the primary membrane stress intensity, Pm,
and the primary bending stress intensity, Pb, must not
exceed the product of 2.4 Sm and a shape factor, Ps, whichI depends on the cross section over which the bending moment
acts.

4 7.15I
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4.7.5.2 Upper End Fitting Posts

The five upper end fitting posts are made from wrought 304
stainless steel. The performance of these components is

evaluated in exactly the same way as that of the end fitting
castings discussed above, except that the difference between
properties of wrought and cast 304 stainless steel results
in a slightly higher design stress intensity (Sm = 12,000 psi)
for the posts than for the castings.

I
4.7.5.3 Upper End Fitting Holddown Springs

The upper end fitting springs are fabricated from Inconel X-750
wire. The performance of these components is evaluated by |

calculating the shear stress resulting from the spring being
compressed to its solid height. This calculated shear stress
must not exceed the yield strength in shear for this material.
This maximum allowable shear stress is equal to 99,000 psi.

,

|
4.7.5.4 ~ Guide Tubes !

|

There are no specific stress criteria applied to the evaluation |
'of fuel assembly guide tubes for the large-break LOCA analysis,

for the following reasons:

a. Control rod scram is not a requirement.

|
b. The existance of the fuel rod coolable array is dependent j

upon the spacer grid performance during the event. Minor |
-

distortions of the guide tubes will not affect the assembly

inlet or outlet flow conditions (controlled by the end
fittings), nor the individual flow channel conditions
(controlled by the spacer grids).

4.7.16
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4.7.5.5 Spacer G. ids

The spacer grids are the primary factor in assuring that fuelI rods remain in a coolable array. The capability of the grids
to perform this function is detcrmined by comparing the
predicted lateral impact loads associated with the postulated
event to the lateral crush strength of the spacer grid, which
was determined by test. Resulting values are listed in Table A-1
(room temperature) and Table A-3 (operating temperature).

4.7.5.6 Fuel Rods

It is a requirement that the fuel rod cladding be capable of
withstanding the loads resulting from the mechanical
excitations occurring during the postulated event.

The adequacy of the fuel rods to withstand the calculatedI loads i determined by comparing the calculated stress

intensities which result from the axial and lateral loads
to allowable stresses defined by the following formulae:

a. The primary membrane stress intensity, P , shall notm

exceed 0.7 times the ultimate tensile strength, Su.

b. The sum of the primary membrane stress intensity, Pm,
and the primary bending stress intensity, P , shall notb

exceed the product of the allowable primary stress intensity
(see Part a, above) and the 1.46 section factor appropriate
to the fuel rods.'

The stress intensity limits are listed in Appendix A.

4.7.6 STRESS AtlALYSIS OF FUEL

As discussed in Section 4.7.3, the pipe rupture response analysis
model produces results in the form of the spacer grid impact load,
axial and lateral loads on the fuel end fittings, and lateral
deflected shapes for the fuel assembly. These results are then
applied to the analysis of the fuel assembly in the following manner.

4.7.17I
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Calculated spacer grid impact loads are compared directly to
the experimentally determined load / deformation capability of
the spacer grids.

Axial and lateral end fitting loads are applied (analytically)
to the appropriate portions of the upper and lower end fittings,
and the resultant stresses are calculated using relatively basic

strength of materials methods.

Lateral deflected shapes are inputed directly into a computer
model which then makes use of these shapes to calculate the

resultant stress intensities in the axial structural members of
the fuel assembly and in the fuel rods. Since the fuel assembly

response to the LOCA is a dynamic phenomenon, with an essentially
infinite number of axial shapes which could be analyzed, it is
necessary to be selective in establishing which shapes are likely
to correspond to maximum stress conditions. This is accomplished
by evaluating all shapes which correspond to either maximum
deflection, shear or moment at each of the axial nodes in the pipe
rupture response model .

4.7.7 EVALUATION OF COMBUSTION ENGINEERING FUEL

This section compares the calculated fuel assembly component loads
and stresses to the corresponding criteria discussed in Section
4.7.5.

The leads and stresses resulting from the postulated inlet and
outlet breaks have been compared. The inlet break results are
governing in each case, and in fact no component is overst.essed
or overloaded by the outlet break. Therefore, the discussion is

limited to the effects of the inlet break.

The inlet break produces fuel assembly movement in two directions.
Maximum stress intensities for each component have been calculated

by combining the maximum stress intensities from each of the two
directions by the square root of the sum of the squares (SRSS)

4.7.18
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I method. Maximum spacer grid loads are reported separately
for the two directions since channel closure across one grid
width is not affected by loading across the other width.

4.7.7.1 Generic Plant Results (Calvert Cliffs I and II, Millstone 2)

As described in Sections 4.6.2, 4.6.3, and 4.7.4, two fuel

I assembly analyses were performed. The first analysis (Base
Case) related friction at the core barrel flange and reactor
vessel ledge to nominal operating loads. The results of this
approach were overly conservative. In order to remove some of
the conservatism, a second (Revised Model) analysis was performed,
which accounted for an increased value of friction at the flange.
The stresses and loads calculated from both analyses are presented

in Appendix A, and discusses below.

The ratios between the maximum stresses and maximum loads for
the two cases are also presented. Each ratio is equal to the

revised model result divided by the base case result.

4.7.7.1.1 End Fitting Castings and Posts

Table A-2 in Appendix A lists the maximum end fitting stress
values along with the allowable values.

The maximum predicted stress values are less than the stressI criteria.

4.7.7.1.2 Upper End Fitting llolddown Springs

The standard Combustion Engineering reload design includes

holddown springs which are designed to have shear stresses
below the criterion value (99,000 psi) at solid height.

I Therefore, no specific calculation was performed as part of
the asymmetric loads evaluation.

I 4.7.19
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4.7.7.1.3 Guide Tubes
I

Table A-2 in Appendix A lists maximum stress intensities for
the guide tubes. As discussed in Section 4.7.5.4, there is
no criterion on guide tube stress for the large break LOCA
event. Yield strength of the guide tube material is referenced
for information, and guide tube stress values are discussed

;

further in Section 4.7.7.3.

4.7.7.1.4 Fuel Rods

Maximum fuel rod stress values are listed in Table A-2 of !

Appendix A. The stress criterion is also provided.

The maximum predicted stresses are less than the criterion.

4.7.7.1.5 Spacer Grid Impact Loads

Spacer grid impact loads are determined directly in the CESHOCK

detailed core.model described in Section 4.7.4. The impact
loads for the generic plant fuel are listed in Table A-3 of
Appendix A. Also shown are the spacer grid impact strengths
from Table A-1 corrected for operating temperature.

Two categories of grid impact loads are listed in Table A-3.
The one-sided load type corresponds to the case where a freely-
moving bundle impacts an adjacent assembly or the core shroud,

or where a free-standing bundle is impacted by another assembly.
Thru-grid loads correspond to cases in which an assembly already
rests against the shroud or another assembly, and is then impacted
on its opposite face. These two load cetegories have beenI distinguished in both the analysis and test methods.

Except for loads on peripheral fuel assemblies, the grid
strength is greater than the loads imposed on the grids during
the postulated LOCA event.

:I '
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In the row of fuel assemblies chosen for dynamic analysis, a
total of four spacer grids are predicted to exceed the allowable
load (two in each of the two peripheral assemblies). The
maximum thru-grid loading is predicted for one of the same
grids subject to a high one-sided loading.

Figures A-6 and A-7 show the core-wide distribution of one-
sided and thru-grid loadings for all fuel assemblies in the
row, for the case where the maximum loads were predicted.

The beneficial effeu of irradiation on spacer grid strength is
discussed in Section 4.7.7.3. Irradiation will increase grid

strength by a factor of at least 1.5 by the time of fuel
discharge, which is sufficient to provide the required load
capability.

An evaluation of the effects of reduced channel flow area in
peripheral spacer grids is presentad in Appendix E. Fuel

temperature calculations are presented to demonstrate core
coolability following the grid loadings induced by the postulated
pipe break at the vessel inlet nozzle.

4.7.7.2 Ft. Calhoun Results

I A single (Base Case) fuel assembly analysis was performed. The

results of this analysis were modified by the ratios obtained

I from the two generic fuel assembly analyses (revised model/ base

case) to obtain estimated revised model results. The streses

and lou s from both cases are presented in Appendix A, and discussed

below.

I 4.7.7.2.1 End Fitting Castings and Posts

Table A-4 in Appendix A lists the maximum end fitting stress values
along with the allowable values.

I The maximum predicted stress values are less than the stress criteria.

4.7.21
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I
4.7.7.2.2 Upper End Fitting Holddown Springs

The standard Combustion Engineering Ft. Calhoun reload design
includes holddown springs which are designed to have shear
stresses below the criterion value (99,000 psi) at solid
height. Therefore, no specific calculation was performed as
part of the asymmetric loads evaluation. >

4.7.7.2.3 Guide Tubes

.

Table A-4 in Appendix A lists maximum stress intensities for
the guide tubes. As discussed in Section 4.7.5.4, there is |
no criterion on guide tube stress for the large break LOCA !

event. Yield strength of the guide tube material is referenced !
I

for information, and guide tube stress values are discussed :

|further in Section 4.7.7.3.
t

!4.7.7.2.4 Fuel Rods

Maximum fuel rod stress values are listed in Table A-4 of
Appendix A. The stress criterion is also provided.

The maximum predicted stresses are less than the criterion.
:

4.7.7.2.5 Spacer Grid Impact Loads
t

f

Spacer grid impact loads are determined directly in the CESHOCK

detailed core model described in Section 4.7.4. The impact {

loads for the Ft. Calhoun fuel are listed in Table A-5 of |
Appendix A. Also shown are the spacer grid impact strengths !

from Table A-1 corrected for operating temperature.

I Two categories of grid impact loads are listed in Table A-3.
The one-sided load type corresponds to the case where a
freely-moving bundle impacts an adjacent assembly or the

~

core shroud, or where a free-standing bundle is impacted by
another assembly. Thru-prid loads correspond to cases in
which an assembly already rests against the shroud or another

i

assembly, and is then impacted on its opposite face. These i

l
two load categories have been distinguished in both the analysis !

I
oand test methods.
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Except for loads on peripheral fuel assemblies, the grid
strength is greater than the loads imposed on the grids
during the postulated LOCA event.

For Ft. Calhoun, only one spacer grid in a peripheral
assembly is predicted to exceed its allowable load follawing
the application of the appropriate ratio. Figure A-8 shows

the core-wide distribution of one-sided loadings for all
fuel assemblies in the row analyzed, for the base case situation
where the maximum loads were predicted.

The effect of irradiation on spacer grid strength is discussed
in Section 4.7.7.3. Irradiation is expected to increase grid

strength to the point where it exceeds the predicted maximum
loading value after only a short period of reactor operation
(approximately 3 months).

An evaluation of the effects of reduced channel flow area in
peripheral spacer grids is presented in Appendix E. Fuel

temperature calculations are presented to demonstrate core
coolability following the grid loadings induced by the postulated
pipe break at the vessel inlet nozzle.

4.7.7.3 Effects of Operating Conditions on Zircaloy Components

As discussed in the preceeding sections, ma>imum calculated guide
tube stresses exceed the BOL unirradiated yield strength of the
material, but do not violate any structural criteria. In addition,

the maximum calculated spacer grid impact loads exceed the BOL
unirradiated grid strengths, but are to be addressed by a
coolability analysis (Appendix E).

For information, this section presents a discussion of the effects

o' 'tradiation and high strain rates on zircaloy mechanical
properties. Both conditions will make zircaloy components less '

prone to permanent deformation than indicated by out-of-pile
testing.

I 4.7.23
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i

4.7.7.3.1 Guide Tubes

Figure A-9 of Appendix A shows the effect of irradiation on the
guide tube yield strength at operating temperatures. These

data were obtained at the standard ASTM tensile test strain |
'

rate (0.00008 in/in/sec). Figure A-10 depicts the estimated
yield strength function at a strain rate which is representative
of that occurring during the LOCA transient (0.1 in/in/sec).

The axial distribution of maximum guide tube stresses from the
generic plant analysis is shown in Figure A-ll. By comparing

these stresses to Figure A-10, it can be seen that the effects
of strain rate and irradiation will begin to limit the region

of permanent distortion after only a short period of reactor
opera tion *. It should also be pointed out that the maximum
stresses shown in Figure A-ll do not occur over all five guide
tubes, nor over the full length of the span between grids.

I They are in fact confined to one side of two guide tubes, at
a location near the spacer grids. The other stresses in the
section of the fuel assembly would be considerably lower.

The axial distribution of maximum guide tube stresses from the
scaled Ft. Calhoun analysis is shown in Figure A-12. In this

case, Figure A-10 would indicate that the effects of strain rate
alone would be sufficient to prevent permanent distortion of the
guide tubes at essentially a BOL condition. 1

1

The ability of the guide tube materiai to withstand a given strain
without fracture (at exposures lower than those estimated to be
necessary to achieve a certain yield strength) is provided in

,

Figures A-13 and A-14. Figure A-13 shows the total elongation
(plastic) capability of the material as a function of irradiation,
and Figure A-14 shows the totel strain (elastic plus plastic)
capabili ty. |

I * The relationship between fluence and irradiation is approximately 3 weeks I

at full power per 10 0 nyt. |2

'
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The guide tube stress calculation was performed under the
|

assumption of clastic behavior, so only elastic strains
can be obtained from the analysis. These are shown on
Figure A-15 as a function of axial position. It can be seen
by comparison with Figure A-14 that the maximum calculated

clastic strain is lower than the material total strain capability.
(The actual guide tube strains would be somewhat different in

,
an clastic-plastic analysis; however, these differences should
be small since each fuel assembly is still deflection-limited
by the close proximity of surrounding assemblies and the reactor
internals). Therefore, the calculated elastic guide tube
stresses should not produce permanent distortions of Ft. Calhoun
guide tubes, and should not produce fracture of the generic
plant guide tubes.

4.7.7.3.2 Spacer Grids

The effect of strain rate on spacer grid strength has already
been accounted for in the dynamic test simulation method
discussed in Section 4.7.2.

The Combustion Engineering spacer grid design has been shown
by testing to exhibit a yielding characteristic rather than
buckling behavior, so that the grid strength at a given fluence
equals the ratio of the yield strength at that fluence divided
by the unirradiated yield strength (both at high strain rates).

The effect of irradiation at an extremely high strain rate
(4.0 in/in/sec) is shown in Figure A-16. The local strain rates
in the spacer grid are unknown but are believed to be at least
this large.

This graph demonstrates that the spacer grids are expected to
become at least 50% stronger by the time of discharge
(about 6x1021 nyt). Applying a factor of 1.5 to the spacer
grid impact strengths would result in strength values higher
than the maximum predicted impact loads in Table A-3 for the
generic plant.

4.7.25
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For the Ft. Calhoun results in Table A-5, it is obvious that

a much shorter period of irradiation would be required to

| increase grid strength above the maximum predicted impact load.
A fluence of approximately 4x1020 nyt (3 months operation)
provides a minimum of 6% increase in yield strength, which is

sufficient to eliminate the difference between calculated load f

and grid impact strength in Table A-5.

;

4.7.7.4 Summary of Fuel Evaluation

I |
Calculations have demonstrated acceptable performance for all
end fittings, holddown springs, and fuel rods in both the j

generic plant and Ft. Calhoun analyses. A limited number of
spacer grids in both plants have calculated impact loads inI excess of the BOL grid strength in a few peripheral core
locations for the inlet break condition. The number of

locations at which this condition exists is reduced as a
function of time if credit is taken for spacer grid irradiated
mechanical properties. An evaluation of core coolability for
damaged peripheral grids is described in Appendix E.

For the outlet break condition, all fuel assembly components )
demonstrate acceptable stress and load values. |

I

I
I

4.7.26
,



.

I

ms
FUEL mg e'

,

HOLDDOWN g |.

buwassj |'

I,d -GUIDE TUBE '' 'd'fp l
I 3 . . .

1

| .-.Ja. ''

u@!,1 - O e_
o - . -

, y
. g]il[h

[rrrrrr r.
-

|

|

T|[ff
k92019) I $ h. | i ..r ,

> > > s' U (1)
i i TOP VIEW m o c

.|' H ! | r o
, ,

; . ,
-

. .

;- :

y"i i ,

;, gi FUEL ROD p,l:jR,;f
w. , .

u

S '. |.lj!| O l

[fh| pit]f
-

;
. |

-

! ! ! : :' (2)# !
|

|](9
M ACTIVEG :

D 'g | SPACER GRIDy ?,1",o}yyjlENGTHj ,

A p
'

:i ;g
! FLOW HOLES i : !'-! ,1 !! A,;n.h,Ld _ L,m.i -

y4i et-:r.w ::::::w:x::g:
i,o,,., . 1:

I j . 1 R:::.

: '
4 ..... ......

, ..... .... ,

'i i ..l|'.|A|g::~....g::!j 1

]'[,p/
j

,

j! yj'i;d fj "
i o

i

BOTTOM VIEW
. - y

Assembly Dimensions Baltimore 1 and 2, Millstone 2 Ft. Calhoun

(1) Overall Length 157.2 in 146.3 in
'

(2) Active Length 136.7 in 128.0 in

,
"

Fuel Assembly.

4.7.1

4 7c27_ i0



.- . . . _ - .

.

I' )

I
I

0- 0. 0 -

> o-

< ., -

( / ) i !

' T ' 0~ 0
'

6 0I <
-~

)/ 00
~

<I T ,

h.' h'.

I
7q~

I 4 a
-

1 \ // l
g _

)
'

:

I
b

-

6 a
-,s ,

-

w

,! ' Grid Grid CEA Fuel
Spring Perimeter Guide Tube Rod

| Strip Location

I

Fuel Spacer Grid

4,7.28



.

~~-

/
I I

STRAIN GAUGE LOCATIONS
NOT SHOWN

I I

UPPER END L, ]
FIXTURE

-- 4 -

M!$ las $_
.

'

o
GRID N 1 ==="$ 'E'F '. I DIAL INDICATORS MONITOR---~~T ~

I ROTATION OF BOTH FLOWI
- J'"|' PLATES. .

.

LVDT's 2,3,4 :T;

/lL U
~ ~' f f -:- { fig;.G int

''"'LI.lli~'|.7~ ~ ~
_ y====fus: cax.:.x D'

777/7 LOAD CELL

< . - - > . LVDT(. UC .'

h T,i1T [
OPPOSI'i E Dl!'.LC rlO;1S f ,_ _.{, 7._.T ''~'"""
DEFLECTIONS IN TWO

'i'lNI 7]I c-
,| 1

'

|
1

|
|

[ . :,.. ,ll 9[.':.f.:t ===-{i y_.J ;]- |GRID ilo. 8
| I

.

,

| ll! |I

i !n.'
||? lii i

I-GIIID No. 4 fiEr!VJ.____. .-

( - ~ . ~ .. .~. ' r' i

I .. _ ._!. 17. .. :".._. .. ....

i ~2'':T b

|s L1__ . - = ..O
.g i owl'It I !!D
| f IX l tillf. ItASI. I't ATE

| '7/7777777777/7/77d77h
FIGURE 4.7. 3

I TEST SET-UP FOR LATERAL LOAD
DEFLECTION TEST 4.7.29



--
,

.

/
I I

I |

-J
b.-

.

,hV
: _b iG

TANK FOR TESTING IN
Qjjl||||||j WATER ENVIRONMENT

,; NOT SHOWN

, _ .
- - - -

LOAD
CELL

g . p_
hElITIEEI! , r

- - ~

~i Tur " j }?ACER |= M' !

g

- '
~j j |{"RELEASE -' 'j y

'NT WIRE i \
'

SIMULATED -;yLOAD CORE
FRAME ~ SilHOUD,

L _ . .y. . , . _ .

''

'!
I i

|

I. . !1, |...__.m
. _ _ _ . , . . .

! !! ! 1

i!'|||
I || !

I . 1.. . i. u._i 3
. . ,

m...~..,.-
~' ''

L:.'.'~ ! .. . .. -..!- . 3| . ..|......_._.-
... ~ - . . . .

1

1:ASI. I'l ATI. I

7/777777/777D'O7/ /77/

FIGURE 4.7. 4

TEST SET-UP FOR PLUCK VIBRATION 4.7.30
AND PLUCK IMPACT TESTS



TANK FOR TESTING IN WATER
4 ENVIRONMENT AND DROP

3 ~

WEIGHT FOR THROUGH GRID

I TESTS NOT SHOWN
_

.

Cr 1 t- i
-

. . . _ . . . .

,
.

-

.

I ,m
!

--t i ' .,
c - r.,

g ' :0 - _g
. . - - - . - . . . -

': C
--f-t- i:,

i.iM*' *.|Oli
N I! 'I / |

Anvil- | |

A,-

// / //// |
I
I 1. Load Cell

2. Grid Compression LVDTI 3. Velocity Transducer

4. Grid Position LVDT

FIGURE 4.7. 5

TEST SET-UP FOR SPACER GRID IMPACT TESTS

4.7.31

I
_. . ..



) ,1; , .;| L1||. 1j

i
E

- R
O
C f g

M1 1I"( teu 1g

tg

s3 ,i
la |, ,.1

"
,

#
F 3g

ig
i3 ,l

tl |,

E
-T g{ is 3e tg

1| ,l fi | si
f{ ga 3g ag

3| ,a ft | tA
L
P
T
N r| s g o ,

,nE
iti tg tat eil ," fft itne| i , i ,

M
N
G

eI

L
s| foa ti ii ei ," fvi i enI s el ts ,t

t f t

A
L
E

t6 1s t i

,i 14 fU e5 1a fti siit lal
,s

13 l3

M
t,n

F

L 7
E
D Il 3i 1, l fti itl ," (1| ,n

Ia 3s i
t a , |

M
,

O
M
E
R t s

jc 1a 68 , f| f ,iO
e|| fia ea 1l f1 ," t| ln e.

C
L
A i8 e l l ,

R t8 ts 11I f1

tei ," '8I ln ,ni i1
I I ,

E
T6 A

7 L 8 ie s t ,
|4 it5 ts isl tei tei ," fn |n 8, nD

i
I

e
r E
u L
ig I

T
p

Le g ,
. .

F A rleE tse Js teg teil ,H ft|| f. enf

E
D

M T
3e n5 ," !!I fnN r|

1s i1
t

s1

A
i33 e1e| , l

f tni

JL
P
C

3
a t5 t:I

s1
, l ! t E_

R
te1 !!l e4 f3

e4 ," 11I !n in T
E A
N L
E P
G il ts tl 1l si

,'

iil
t, e, o TsE ii ei 1e el t

iI

R
O
P

m
r8p

tsi leII tl el ,"
fi

t_ n iu
P

I ei si ,
tl f t U

S
E
R

e8 il fl | , 1l t
Ot4 ti oi tiif es|

3" 1i
1

in C1

u'

!

I'l
t' t 8'

t e

tQ'e oIgr ,"
lI l. tn

, lt .f'
f i

t

! i8e 3' !" t3

tQ''
tlei ,"

I3 tq

,g
, t3 . i

liI t3 f_8 I8 te1 ,"
!I

t

Ii

I

t3 t3 l' 8
,

!l

v

M
i

fUD

g EO
o RRls A.N w OH!

CS



FUEL ALIGNMENT PLATE

\
+% ROTATIONAL RESTRAINT OFi

" "UPPER END FITTING -*

<----1

!MPACT MEMBER FUEL RODS /
UEF FLOW PLATEI

:

I [ TYPICAL SPACER GRID MEMBERWITH VERTICAL INTERFACE BETWEEN
,

GUIDE TUBES AND FUEL RODSGUIDE /rtTUBES
,

><

FUEL RODS

,:

I ,;

>:
o

ZZ% IMPACT MEMBER FUEL RODS /
LEF FLOW PLATE,- . _ . _ ,,

LOWER END FITTING -+-

CORE SUPPORT PLATE ' ROTATIONAL RESTRAINT OF

N -- LOWER END FITTING AND
IMPACT MEMBER FUEL ASSEMBLY /CSDI ,

Figurc 4.7.7

GENERIC PLANT FUEL ASSEMBLY DEAM COLUMN MODEL

4.7.33



__

k

,

)
/

..

X
a

25 X - COORDINATES

0 IN. 1 AND 25 ARE COINCIDENT>

1

4.5
2<-- g g,73

<> 14 7.45
3 :: 15

25
4- >: 16

5 >: 17 44 44

I
G :, 18 G3.30

7 : :: 19 82.1 G

I
8 >' 20 101.01

9 >: 21 119.87

10 :: 22 138.73

11 e 6 a 23 149.77
o 24
:=

152.G7 24 AND 12 ARE COINCIDENT12 <---a,

13 <N 155.98

:: O
# Yp,

13 AND 2G ARE COINCIDENT

| Y COORDINATES ARE 0.0 IN.

1I Figure 4.7.8

BEAM COLUMN MODEL: NODE NUMBERS AND COORDINATES

4.7.34
!



| -

I ..

| .

25

, -

1

STIFFNESS BETWEEN SPACER STIFFNESS OF ADJACENT
2o SPACER GRIDS

GRID AND CORE SHROUD)

36 |
'

| | 'v\Ar-o 27

|
'

| 2837

38 % | 5 | h 29

CORE
|6 | h 30 ADJACENTSHROUD 39I FUELNODES

ASSEMBLY
ODES

40 h 31I (FUEL ROD NODES

41
^

| W 32, OT SH /N, FOR

9
42 N | W 33

I
| 3443

NODES AR SAME
'

| | 35 NC DENT44

A 120 GAP BETWEEN FUEL ASSEMBLY.

A D CORE SHROUD AND ADJACENT FUEL ASSEMBLY

13<

6 '

2e

s

I
.g .

Figure 4.7.9

BEAM COLUMN MODEL'S INTERFACE WITH ADJACENT STRUCTURES'

4.7.35
.



4.8 CONTROL ELEMENT DRIVE MECHANIStiS (CEDMs)

4.8.1 DESIGN BASIS

The capability of the control element drive mechanisms
(CEDMs) to withstand the effects of design basis pipe
breaks has been evaluated by analysis. The effect of
each break is experienced by the CEDM through the motion
of the reactor vessel head computed by the system structural
analysis described in Section 4.5.

4.8.2 METHOD OF ANALYSIS-

The CEDMs were analyzed by traditional dynamic elastic
analysis and evaluated according to appropriate elastic
stress limits for ASME Level D conditions. The elastic
Level D stress limits were exceeded for each plant and
each pipe break motion input. Therefore, a detailed

elastic plastic analysis was performed for each plant.

4.8.2.1 Detailed Analysis
.

An elastic plastic dynamic analysis of the
CEDM for each plant which was anticipated to
be most severely loaded was analyzed. This
analysis was performed by the MARC (Ref.
3.10 ) computer program. The displacements
of the reactor vessel head computed by the
system structural analysis were applied to
the base of the CEDMs.

The stresses, strains and moments throughout
the CEDM were calculated for the duration
of the loading event.

4.8.2.2 Material Properties

The material properties available for the
CEDM materials were found to be inadequate
for a realistic elastic plastic analysis.
In order to obtain material properties for
the analysis, samples of all the materials
used in the CEDM's were tested in the CE
Metallurgy Laboratory. The resulting
stress strain curves were conservatively
scaled to the ASME Code minimum yield
stress according to ASME Level D analysis
procedures. The material property test
curves and the scaled curves used in the
analysis are shown in Figures 4.8.1 to
4.8.4.

4.8.3 RESULTS OF ANALYSIS

The results of each detailed elastic plastic analysis are
stress, strain, moment and deformation history of the most

4,8-1
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4.8.3 RESULTS OF ANALYSIS (Continued)

severely loaded CEDM for each design basis pipe break. The
total moment, the square root of the sum of the squares of
the x and z moments, is compared to acceptance criteria.

4.8.3.1 Calvert Cliffs and Millstone II -

The bending moment,at the contact point with
the head, about the two horizontal directions
resulting from the most severe loading areI shown in Figures 4.8.5 and 4.8.6. The severity
of the loading event, in terms of stress or
increase in strain, is greatest at about 200
milliseconds into the transient. After 400
milliseconds the CEDM response damps away.

4.8.3.2 Palisades

The bending moment, at the contact point with
the head, about the two horizontal directions
resulting from the most severe loading are
shown in Figures 4.8.7 and 4.8.8. By 200
milliseconds, the moment has reached a steady
oscillation which damps out because:

1) the actual LOCA loading in the system'

structural analysis itself damps outI compared to the constant LOCA loading
used and

2) the event disappears after 400 milliseconds

A substantial bending moment is computed at
the rotation restraints between CEDMs which
were installed to reduce seismic loads. An
analysis was performed presuming that the
rotation restraints were to fail. The moments
produced from this calculation are shown in
Figures 4.8.9 and 4.8.10. The maximum total
moments are only slightly higher if the rotation
restraints fail.

4.8.3.3 Ft. Calhoun

The reactor vessel head motions are input to the
it. Calhoun CEDM model at the base of the CEDM
and at the connection with the head lif t rig.
This results in a conservative application of
the head motion history. The bending moments |

{
at the contact point with the head about the j
two horizontal directions resulting from the 1

Imost severe loading are shown in Figures 4.8.11
and 4.8.12. The total moment has reached a

I steady oscillation which subsequently damps
out after 400 milliseconds.

| 4,8-2



4.8.4 EVALUATION OF CEDMs

4.8.4.1 Accep_tance Criteria

The CEDMs are not required to operate forI safe shutdown after a loss of coolant event
resulting from the design basis pipe breaks.
In order to comply with existing ECCS analysis
methods, however, the integrity of the CEDMs
must be maintained and leakage must be prevented.
The ASME Boiler and Pressure Vessel Code Section
III Division 1 Appendix F lists a number of
criteria which assure that the pressure boundary
will not be violated. These criteria include
stress limits for comparisons to the elasticI analysis results and an instability limit for
comparison to elastic plastic analysis results.
The integrity of the pressure boundary is assured
if the applied loads do not exceed 70% of the
plastic instability load. An alternate criterion
based on strain limits in which a suitably con-
servative strain limit must be justified mayI also be employed.

4.8.4.2 Calvert Cliffs and fiillstone II

An elastic plastic instability analysis was
performed to determine the maximum moment that
the CEDM can withstand at the most severely
loaded section, the contact point with the
head. The maximum axial, shear and pressure
loads were applied to the model and then an
increasing moment was applied until the
deformations increased with no increase in
load. The material properties Lsed in thisI analysis are the conservati ely scaled ones
of Section 4.8.2.2. Actual properties would
result in much higher moment capabilities.
The results of this instability limit analysis
are shown in Figure 4.8.13. Also shown is
the maximu:a total moment computed in the
CEOM analysis of Section 4.8.3.1. The
maximum moment is clearly below 70% of the
plastic instability load indicating that
ASME Level D criteria are met and integrity
is assured.

4.8.4.3 Palisades'

I An elastic plastic instability analysis
similar to that performed in Section 4.8.4.2

I was perfonned fcr the Palisades plant. The
result of this instability limit analysis
is shown in Figure 4.8.14. Also shown are
the maximum total moment for the cases
where the rotation restraints remain intact
and for when they are assumed to fail.

4.8-3
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4.8.4.3 Palisades (Continued)I The maximum total moments are 66% and 70%
respectively of the plastic instability load.

I Since the instability load was computed using
material properties scaled to code minimum
yield stress and the test results are signifi-
cantly higher, the moments , equal to the ASMEI Level D criteria are considered acceptable.

4.8.4.4 Ft. Calhoun

The Ft. Calhoun CEDM has the same load carrying
capability as the Palisades CEDM. This capability

I curve is shown in Figure 4.8.15 and includes the
maximum total moment computed in Section 4.8.3.3.
The maximum total moment is 77% of the load carrying
capability of the CED?l. Because of the conservatismI inherent in all steps of the analysis, especially
the plastic instability analysis, the applied moment
is considered accept.able, and integrity will be

I - maintained.

I
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4.9 EMERGE!!CY CORE C00LiflG SYSTEff (ECCS) PlPlflG

4.9.1 DESIGil CASIS

The capability of the emergency core cooling system
(ECCS) piping that is attached to the primary coolant

I piping to withstand the effects of the design basis
pipe breaks has been evaluated by analysis. The

effect of each breal is experienced by the ECCS

I piping through tne notion of the ECCS nozzles
on the discahrge leg piping. The motions of the
nozzles have been computed by the reactor coolant
system structural analysis described in Section 4.5.
No credit has been taken for de-pressurization.

4.9.2 METHODS OF AtlALYSIS

The ECCS piping has been analyzed by traditional
dynamic clastic analysis and evaluated according

I to appropriate elastic stress limits for AS!'.E Level B
and Level D conditions. Where these limits are not
satisfied, a detailed clastic plastic analysis to
demonstrate functionability of the piping has been
performed.

4.9.2.I' Dynamic Analysis

An elastic dynamic analysis of the ECCS
piping vias performed using lunped carameter

I models and the appropriate ECCS nozzle motion
history. The physical definition of the
piping has been represented in STRUDL (Ref.
3.2) to generate the appropriate con.densed
stiffness matrix of the structure. The
condensed matrix and mass has been input
to the DAGS (Ref. 3.4) program. The DAGSI program determined the motion history
of the ECCS pipe by performing a time
history analysis.

4.9.2.2 Detailed Analysis

Where the stresses computed by the elastic
dynamic analysis exceed the prescribed
limits an elastic plastic finite element
analysis was performed for each region .hereI significant plasticity was expected. 'is

analysis is similar to the instability
analyses discussed in Paragraph 4.5.3. The

I analysis provides details of the defor-
mation necessary to evaluate the function-
ability and ultimate load carrying capability
of the plastic region. The elastic plastic

analysis has been performed by the ItARC (Ref.
3.10) computer program. The material properties
for the piping material used in the analysisI was determined from the extensive collection
of piping data available.

.
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4.9 EMERGEllCY CORE C00LiflG SYSTEli (ECCS) PIPIflG

4.9.1 DESIGft BASIS
'~

The capability of the emergency core cooling system
'(ECCS) piping that is attached to the primary coolant
piping to withstand the effects of the design basis
pipe breaks has been evaluated by analysis. The
effect of each break is experienced by the ECCS
piping through the motion of the ECCS nozzles
on the discahrge leg piping. The motions of the
nozzles have been computed by the reactor coolant
system structural analysis described in Section 4.5.
No credit has been taken for de-pressurization.

4.9.2 METHODS OF AflALYSIS

The ECCS piping has been analyzed by traditional
dynamic elastic analysis and evaluated according

I to appropriate elastic stress limits for A5ftE Level B
and Level D conditions. Where these limits are not
satisfied, a detailed elastic plastic analysis to
demonstrate functionability of the piping has been
performed.

4.9.2.1 Dyi.amic Analysis

An ele +ic dynamic analysis of the ECCS
piping wa.; performed using lumped parameter
models and the appropriate ECCS nozzle motion
history. The physical definition of the
piping has been represented in STRUDL (Ref.
3.2) to generate the appropriate condensed
stiffness matrix of the structure. The
condensed matrix and mass has been input
to the DAGS (Ref. 3.4) program. The DAGSI program determined the motion history
of the ECCS pipe by performing a time
history analysis.

,

4.9.2.2 Detailed Analysis

Where the stresses computed by the elastic
dynamic analysis exceed the prescribed
limits an elastic plastic finite element
analysis was performed for each region where
significant plasticity was expected. This i

analysis is similar to the instability
analyses discussed in Paragraph 4.5.3. The
analysis provides details of the defor-
mation necessary to evaluate the function-
ability and ultimate load carrying capability ;

of the plastic region. The elastic plastic |
analysis has been performed by the MARC (Ref. l

3.10) computer program. The material properties i

for the piping material used in the analysis I
'

was determined from the extensive col.ection
of piping data available.
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4.9.3 RESULTS OF Af1ALYSIS

The results of elastic and clastic plastic dynamic
analyses are the displacements, moments, and stresses
at the critical sections of the ECCS piping as a
function of time during the LOCA event. ECCS piping
support reactions are also computed in these analyses.
All analyses have been performed on specific plant
ECCS piping and support systems. Analyses have been
performed for the design basis pipe breaks considered
in Secticn 4.5. A summary of maximum piping moments
vs. allowable limits is presented in Figure 4.9.1.
Specific plant results are discussed in Section 4.9.4.

4.9.4 EVALUATI0ft 0F ECCS PIPIf1G

4.9.4.1 Acceptance Criteria

The integrity and functionability of the.

ECCS piping must be demonstrated. Integrity
and functionability are assured if the Level
B (upset condition) limits of the ASf4E Boiler
and Pressure Vessel Code Section III, Division
1, are not exceeded. Where the Level B limits
are exceeded, then Level D or faulted limits
are used to demonstrate that integrity is
maintained. Functionability is assured by
demonstrating that the deformations of the
piping are acceptable.

4.9.4.2 Evaluation

The elastic dynamic stress results have beenI compared to the Level B and Level D stress
limits of the ASiiE Code.

In the event that the stress limits are not
satisfied, the elastic plastic analysis of
Paragraph 4.9.2.2 has been performed.

The integrity of t'le pipimg has been evaluated
by comparing tne caputM load to 70% of the
instability load. Tne functionability has been
evaluated by cortparing the pipe section deformation
to the deformation required for significant flow
restriction.

*4.9.4.2.1 Calvert Cliffs

The Calvert Cliffs ECCS piping has been evaluated
for the generic plant motion. The maximum moment in
the ECCS piping due to the hypothei.ical pipe break is
2,800,000 ia-lbs at an elbow, and 3,090,000 in-lbsI in a straight section of pipe. These moments satisfy
the AS!1E Code Level D elastic limits. At these moment
levels, the plastic strain is less than 1". Function-
ability is not impaired at these strain levels.
Analysis of the safety injection nozzle indicates

wrmmmm., - m-n,-. .c e. e - . y . r . --. c. , , v. -
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4.9.4.2.1 Calvert Cliffs tContinued) |

1

that AS!!E Code Level B elastic limits are
satisfied. A worst case elbow moment vs.
time plot is presented in Fig. 4.92.

,

|

4.9.4.2.2 Millstone I

The input motion to the ECCS piping is identical
to the generic plai.t motion. The maximum moments
in the piping due to the hypothetical pipe break
exceeds the AS!!E Code Level D elastic limits.
An elastic-plastic analysis per paragraph 4.9.2.2
has, therefore, been performed. The maximum
moment in the piping is 3,300,000 in-lbs at an
elbow, and 5,800,000 in-lbs in a straight section
of pipe. These moments satisfy the AS!1E Code
Level D criteria of 70% of the collapse load. A

plot of maximum elbow moment vs. time is presented
in Fig. 4.9.3. The ultimate moment carrying

I capability of the elbow is presented in Fig. 4.9.6.
At these moment levels, the plastic strain is less
than 2%. Functionability is not impaired at these
strain levels. Analysis of the Safety Injection
flozzle indicates that ASME Code Level B elastic
limits are satisfied.

4.9.4.2.3 Palisades

A plant specific analysis of the Palisades ECCS
piping has been performed. The maximt.m moments
in the piping due to the hypothetical pipe break
exceeds the ASliE Code Level D c.lastic limits. .

An elastic-plastic analysis per paragraph 4.9.2.2
has, therefore, been performed. The maximum moment
in the piping is 2,880,000 in-lbs at an elbow, and
4,160,000 in-lbs in a straight section of pipe.

I These moments satisfy the ASME Code Level D
criteria of 70% of the collapse load. A plot
of maximum elbow moment vs. time is presented
in Fig. 4.9.4. The ultimate moment carrying
capability of the elbow is presented in Fig. 4.9.6.
At these moment levels, the plastic strain is
less than~2%. Functionability is not impaired atI these strain levels. Analysis of the Safety
Injection Nozzle indicates that AS!1E Code Level
B clastic limits are satisfied.

4.9.4.2.4 Fort Calhoun

I A plant specific analysis of the Fort Calhoun ECCS
piping has been performed. The maximum moments
in the piping due to the hypothetical pipe break
is 2,160,000 in-lbs at an elbow and in a straightI section of pipe. These moments satisfy the ASME
Code Level D elastic limits. At these moment
levels, the plastic strain is less than 1%.

I Functionability is not impaired at these strain
levels. Analysis of the safety injection nozzle
indicates that ASi1E Code Level B elastic limits

*
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4. 9.4. 2.4 Fort Calhoun (Continued)

are satisfied. A plot of maximum c1 bow moment
vs. time is presented in Fig. 4.9.5. A comparison,

of the motions on the ECCS piping due to hot and
cold leg guillotines was performed. The motions

( resulting from the cold leg guillotine govern the
I

|
response of the ECCS piping.

I -

I - |

I
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|
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POWER
L a SYSTEMS calcuration r4 umber n n.8

(migm4 i tot 4t a sar4G. :t4c

I -

Pager flumber

*

ECCS PIPIN G E VRL URT10 N|
SUMMARY OF M A XIM UM MO M E NTS

(U N I T 3 10' .t N - LB S )
I

HYPOTt!ETICAl l1RX|M UM ALLOWABLE MRXIMUM RLLOW98LE ANRLYTICR L

| PIPE BREA K MOMENT MOM 2NT MOMENT MCMEN T M E THO D

ELBOW ELBOW STRAIG H T STRRIGHT

| PLANT PIPE PIPE

HOT IEG 2.66 2.93 3.09 '/.13 EL AS TIC

CALYER TI CLIFFS COLD LEGr 2.80 2. '| 3 2.82 't.73 E L /?S T / C ,

HOT LEG 3.3 3.85 5. S 7. 0 I PLRS TIC ;

COLD L EG, 2.24 2.93 4.53 '/. 7 3 EL RS TIC

I mLISRDES HOT LEG l.73 2.93 3.55 Y.73 ELRS TIC ' j
~

1

COLD l. E G, 2 8'S' 3 85 %/6 7.0 PLRSTIG ' \| ~'

FOR T \

CnLil00N COLD LEG 2.16 2.54' 2.14 5.39 GLAS TIC|
I
I
I
I

FIG URE '/. % I ||
I
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4.S Ef4ERGEilCY CORE C00LIflG SYSTEf1 (CCCS) PIPIflG
'

,

4.9.1 DESIGft BASIS

''The capability of the emergency core cooling system
*(ECCS) piping that is attached to the primary coolant
piping to withstand the effects of the design basis
pipe breaks has been evaluated by analvsis. The
effect of each break is experienced by the ECCS
pfptng through the motion of the ECCS nozzles
on the discahrge leg piping. The motions of the
nozzles have been computed by the reactor coolant
system structural analysis described in Section 4.5.
No credit has been taken for de'-pressurization. |

4.9.2 14ETHODS OF AflALYSIS

The ECCS piping has been analyzed by traditional
dynamic elastic analysis and evaluated according
to appropriate elastic stress limits for AS!!E Level B ,

and Level D conditions. Where these limits are not I
'satisfied, a detailed elastic plastic analysis to

demonstrate functionability of the piping has been |
performed. |

|
4.9.2.1 Dynamic Analysis

An elastic dynamic analysis of the ECCS
piping was performed using lumped parameter
models and the appropriate ECCS nozzle motion
history. The physical definition of the
piping has been represented in STRUDL (o f.e
3.2) to generate the appropriate conden e d
stiffness matrix of the structure. The

Icondensed matrix and mass has been input
to the DAGS (Ref. 3.4) program. The DAGS
program determined the motion history
of the ECCS pipe by performing a time
history analysis.

4.9.2.2 Detailed Analysis |

I Where the stresses computed by the elastic
dynamic analysis exceed the prescribed
limits an elastic plastic finite element
analysis was performed for each region where
significant plasticity was expected. This
analysis is similar to the instability !

analyses discussed in Paragraph 4.5.3. The I

analysis provides details of the defor-
mation necessary to evaluate the function-
ability and ultimate load carrying capability
of the plastic region. The elastic plastic
analysis has been performed by the (1 ARC (Ref.
3.10) computer program. The material properties
for the piping material used in the analysis

*

was determined from the extensive collection
of piping data available.

4. 9 -l
- -... -



4.9.3 RESULTS OF AtlALYSIS
-,

The results of elastic and clastic plastic dynamic
analyses are the displacements, moments, and stresses
at the critical sections of the ECCS piping as a
function of time during the LOCA event. ECCS piping
support reactions are also computed in these analyses.
All analyses have been performed on specific plant
ECCS piping and support systems. Analyse; have been
performed for the design basis pipe breaks considered
in Section 4.5. A summary of maximum piping moments
vs. allowable limits is presented in Figure 4.9.1.
Specific plant results are discussed in Section 4.9.4.I 4.9.4 EVALUATI0fl 0F ECCS PIPIllG

,

4.9.4.1 Acceptance Criteria

The integrity and functionability of the.

ECCS piping must be demonstrated. Integrity
and functionability are assured if the Level
B (upset condition) limits of the ASME Boiler
and Pressure Vessel Code Section III, Division
1, are not exceeded. Where the Level B limits
are exceeded, then Level D or faulted limits

are used to demonstrate that integrity is
maintained. Functionability is assured by
demonstrating that the deformations of the
piping are acceptable.

4.9.4.2 Evaluation

The elastic dynamic stress results have been
compared to the Level B and Level D stress
limits of the AsitE Code.

In the event that the stress limits are not
satisfied, the elastic plastic analysis of
Paragraph 4.9.2.2 has been performed.

The integrity of the piping has been evaluated
by comparing the ccmputed load to 70% of the
instability load. The functionability has been
evaluated by comparing the pipe section deformation
to the deformation required for significant flow
restriction.I 4.9.4.2.1 Calvert Cliffs

The Calvert Cliffs ECCS piping has been evaluated
for the generic plant motio:.. The maximum moment in
the ECCS piping due to the hypothetical pipe break is

I 2,800,000 in-lbs at an elbow, and 3,090,000 in-lbs
in a straight section of pipe. These moments satisfy
the ASf1E Code Level D elastic limits. At these moment
levels, the plastic strain is less than 1". Function-
ability is not impaired at these strain levels.
Analysis of the safety injection nozzle indicates

} $N
~ . . . ~ n,,n - -+ - ~ ,...- . ,-
| ,

- .



4.9.4.2.1 Calvert Cliffs (Continued)_

that ASf!E Code Level B elastic limits are.
.

satisfied. A worst case elbow moment vs.
time plot is presented in Fig. 4.92.

4.9.4.2.2 Millstone

The input motion to the ECCS piping is identical
to the generic plant motion. The maximum moments
in the piping due to the hypothetical pipe break
exceeds the AS!!E Code Level D elastic limits.
An clastic-plastic analysis per paragraph 4.9.2.2
has, therefore, been performed. The maximum
moment in the piping is 3,300,000 in-lbs at anI elbow, and 5,800,000 in-lbs in a straight section
of pipe. These moments satisfy the ASME Code
Level D criteria of 70% of the collapse load. A

plot of maximum elbow moment vs. time is presented
in Fig. 4.9.3. The ultimate moment carrying
capability of the elbow is presented in Fig. 4.9.6.

I At these moment levels, the plastic strain is less
than 2%. Functionability is not impaired at these
strain levels. Analysis of the Safety Injection
Nozzle indicates that ASME Code Level B elastic
limits are satisfied.

4.9.4.2.3 Palisade _s

A plant specific analysis of the Palisades ECCS
piping has been performed. The maximum moments

I in the piping due to the hypothetical pipe break ,

exceeds the AS"E Code Level D elastic limits. |
ta clastic-plastic analysis per paragraph 4.9.2.2
has, therefore, been performed. The maximum moment
in the piping is 2,8803000 in-lbs at an elbow, and
4,160,000 in-lbs in a straight section of pipe. I

These moments satisfy the ASf!E Code Level D f
criteria of 703 of the collapse load. A plot i
of maximum elbow moment vs. time is presented '

in Fig. 4.9.4. The ultimate moment carrying

I capability of the elbow is presented in Fig. 4.9.3.
At these moment levels, the plastic strain is
less than.2':. Functionability is not impaired at
these strain levels. Analysis of the Safety
injection flozzle indicates that AStiE Code Level
B clastic limits are satisfied.

|

4.9.4.2.4 Fort Calhoun j
l

I. A plant specific analysis of the Fort Calhoun ECCSI piping has been performed. The maximum moments
in the piping due te the hypothetical pipe break
is 2,160,000 in-lbs at an elbow and in a straight

I section of pipe. These moments satisfy the ASME
Code Level D el n tic limits. At these moment
levels, the plastic strain is less than 10.
functionability is not impaired at taese strainI icvels. Analysis of the safety injection nozzle
indicates that ASitt Code Level B clastic limits

'
.

4.q-y
. . - . . . .
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|
.

4.9.4.2.4 Fort Calhoun (Continued)_-
.

are satisfied. A plot of maximum elbow moment
vs. time is presented in Fig. 4.9.5. A comparison
of the motions on the ECCS piping due to hot and |
cold leg guillotines was perforned. The motions
resulting from the cold leg guillotine govern the
response of the ECCS piping.

)

.

;

i

|

| |

.
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I
ECC5 PIPIN G EVALUATION|

SUMMARY OF M A XIMUM Mon E NTS

(UN I T S lo' ZN - LBS)

IALLOWABLE ANALYTICRLHYPOTI!ETICAL MRXlMUM All OWABLE MRXIM UM

| PIPE BRERK MOME N T MOMENT MOMENT MOMENT METHOD
E LBOW ELBOW STR AIG H T STRRIGHT

| PLRNT PIPE PIPE

I/OT LEG 2.66 2.93 3.09 % 13 EL ASTIC
CALYER TI CLIFFS COLD LEG 1 2.80 2.93 2.82 Y.73 E L /?S TIC -

HOT LEG 3.3 3.85 5. 8 7. 0 PLAS TIC
I MILLSTONE

C2LD LEG 2.24 2.93 4.53 E 73 EL AS TIC

PRLISRDES HOT LEG l.73 2.93 3.55 V.73 EL AS TIC '

| COLD l.EC, 2.88 3.85 % /6 . 7.0 PLASTIG '~

FOR T
CRLHOUN COLD LEG 2.I& 2. C !l 2.14 5.39 Ela5 TIG|

I
I
I
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_|

FIGURG !/. 7, I

I -

11-r



. . . . . . . . . . . .. . . .

. .

N
e. *

~s
O'00V--

-

{
g-=

i
.^ i er_ :)

ta $m
l Lb . a--- . _ . - -

- - - . .. u-
,

4 ' ,v
*

$
ci

i
^

3

m, 't-
, *

mmz
f 5ha

g ?; t

"-r O'005o
z 9g |

m
'-, m

m 4
--

l O-=

sn .m zs .

e g o
; a- ,

,m - (~ uo c- _ - -

oa " - m.
_____

D I_~
- -

.
w b

---
-

'\- '12 o .
->

<

I i I.- w , F i
a % %

- i 0'0C2- vH s.
i

. ~

ua{ i
\

~
/ zg ' ,

t
{

-u 4 0 t ' # '~ &us ua
- - -

, i* t *
a g ) '~

! m
-

-=u- E tr-
I~u.J

2 __~O -,_ .

e N fi
\ tc e i \

,, -b O'001IE C i
j j -m

s b ::f
-

.

i .,_a o " -~

Ia "f
v% 1o 3-

~ , ,

-g t.

h ._P- l
-

3 j _

i -

I

i
'0000 0 ~

I
.

O
%, o. o: .

N a ..-
'

i.

.B (SB 'l- N I ol) it43 WOW SSB I'
p ;

"

. e.

1
- __.. .. - - .*' "

'

494
-



-. .._..._ _
. . , . . . . . . . . . . . . . . _ . . . . _ _ _ -

-~
,

MILL STONE| -
.

-

Il0f tEf 47 - ELSOW
-

. .

.VERSUSI
-

T it1E
'

.

f40 MENT
*

(jO 2H-LbS)S
-

6 -

- (M = 3. 85 x to I N - L b .S -
'

'

All .
5

r

q ]v
*

2,8 <i N I. .

s. I ! !

!

2,1 1
- >

*- a
). { 1\

,I.
| i (

'

! ; 'q A. i | .

IA -

t
--

.J,, ,

{
;

,- r

f I ('

i .

, , i ,4 ,
-

J[
J *g , ;; j -

3
, !

---

,.
-

\ 'i 1

i- | { {'
1

-

O.n ,,v;., [ ', i- t-

t; jm ; ei .m- m. m; ,. o e-v s
,

|u ,t i @r @ (p-
, i-

(D 4 | o o4/cp i.8
,

I i- ? |-C f i- l-t ''a -'
,

i 'o 9oi et |oto --- |i , e:--<

a v e o o
1 mi e' _ca _i 1 N cn,' e n ~

i n n
m !m -g . -

4 '

N }i 1N| [N t.
* a e is -

Yh I '. I \ ' ] \
i i:

i i i l ? | \ ', fc >

-1A -

zl }. {
;.

- -
,

,fr
i

o
,

'd Y Ii

'} -} ) i f |
,

l- -i' ,

- 2,1 i-

f | I i
,

,

1 I

t. N |,

ip,g (! h (I
'L

4

. i ,l- ,d, ,
% r

3.5 ' - - - -

1

|

. . .. . . ... ... . .. ._ .._.... ... . .. ...T.Ui.E .( t.u ii I -S E C 0 M D 5 )

!

l . . . .. ... F I G.U..R.k.... . .. .V. 7. 3 .. . . . . . .. - .. . . . ..-. . . - .. . . . . . -. .

- ~ . .
~ ....... ---- 4. f.f - . .....*. . .... ....-

. ...
.. .

. ... . . ...
..% .



f.
. .-.%B

. . . . . ...l.
.l.. . . . . . . ... . . ....

- -

6t . ..

- . . . .- . ...5.. .. ...
..

. .

.... .-.

.
f . . ,. . . .. ..

,
... ........i.e . .. . .. , . . . . .. .. . . . . . . . . . . . .

. . .I. o. .. . . . 4. . .
. . I

t . . .e . . . .
.e...

.

y
-

. ,
|

$

, _

.

| | .* =.=.
(- -

- - . I
,-

|I i;
I.

..
.

.

..,.........i... . .;: . :.
[ . ..... . . . .i .... . 'g. .

: -

. . . . .. ... ..
. . .

.

.

.. . . . . . . - . . -..... . . . .

g
. j

-.. . .. . . j.

i. .
'QpJf

- - p g... .

. .

f.. .'..... .. . . . . .
..

..... ..

'
-.-..i .. _ ', .

. ,

* '

..

.,

|....- . s .
. .. . . -

.4 -..

. ... .

_, .,_.,
. . , . .

. - . ..6, .. .. .e.... - . - . .
*

;. . | .|... . ). .1: ". - j -
p - -

.

.i . -
,

.
.

... .. . . .r,f 4,
.c.

.

, .

..... . . .... .. .
. .. s i,. .
.e

- . .. . .i..
,. . . . .... .3 f. ... . !.. ...

. . ..... - ... . . . .. . . ....'. - l. - _ . . . .. . .
.

- .
..

.|...; . . |. J f. . . .{.. '- , - . - . . . -. ...;... ..:. .. - - .
' l'. .I*

,. ,
.. . ,,

. . .
.$ ..

.. . . . . .
-

, . . -
. ..,..* . . - .o

. ... . .
. ... .) ,

..,. .. . . . . .. . .,

. . . . , - . ...*. . . . ... . . .

.

. . . *. .

.. . =

... .. . - . .... - . * . = + ..4...,. .e. ,
, l. . .

, ,. ., g g.... .
,

*-. .. .. .. ... 4.....*'. ..* .-).* ..

4, . .
. . . .

.g . . ,| . .f, -y f. -

.

%. ..* *.

... .4 ... . .
^ 66 - . - ......e

. . ......
. . . . , .

.
., , .

.
, .

-

. . .. . .. . ... . . .. .. . . . . . ...4...... . ..... . . _ . ,

, . . . . . .. . . . . .- .
.

.. .
g .. .

. .... .. ..[..
.. .. . . + . . _ . . _ . ..... . . .. . ... ..

- .
q ..

..

.

I... .a ..

.. . .. .... 4 ..
.. . .

.s....... ...... . ... . ( ......
.. . - ...... a

. &

. .
. e . . .. . .

e....

. 4

.
.

. . . . . .. . . . . . . . . . . . ...
.I e . . .

g . . . . . . ..e" ..
b . . 0

.

I_
-

. .. . . . * .

,
. . . . . . ......+-.t..-.

..$.....I._.....
.., ...

..p.,. . . . . . .|. ...
.. ..l . ... ........s......... . . . .... #.. .. ... . . -. -.

.....-5
. . ,

-
.

. . ~ . , .. ......

. . .. ...A

. . . . ... ..&._ . ..

.

e... .
-

...

.......!.
g .

. . . .. .
-

. . . . . .... m ...

... .
.. 9 .

. .-4..... -- . r. . . ,....... . .. .... .g. . . .. . ...g..
g .. ... g..... ..

, .

. . .,. .
. .

.f, .
,,,._

. .s
..

.

I

|. .

. . .....y.-....g.. . ... , ... .

... .

... .. p y .. ....._. . . . ..
, . . ..

- ..$.-
.

g. .

.

.. . ..
3

. ,.

. . . . . .- ....).
.

4
.

f . . .

.
.

.. . .
p. ..

_ ...e ._...... . ....4....... . & . . . ..
...A.- - . . .

.

,.

-.e.
..4. . . . . l. . . ...

.I . . . . .g. .

p ..... ...
e 4 . . . . .

.

..

. . . '. - . .n * f 1 ,. . . .. . . .l ! .
-

,
.,..,. , ,

&
. .1 ... ... ... . .. l . . ......

..

..)
_

f e .

. I. .. . . . . . ,.. . . 1_._ .....e...... . . . . .._, 3. . . . . . . . . , . ...
. .. .

. ...
. . . , . . . ... ..

..

... ... ....s.. . .J
.

.. .. .(.
. . . . .. ..... . . _ _ , . . ..

. . . I .. ..... . . . . ..| .

: .~

. . . ... .

. - - . , . .
.

.

.....
. ...... . . . . . . . ...... . .,... .. _..,.. . . .

.g... l
. l. ... .. a

a

.
.... e....... .

... . ...! ... {.. . . . . . .- . . . . . . . . . . . , .
-. . .

.....f......
. tr f*

...
..

.. . . . . .~ . . . . . ..
.. .

.|. . ... . ,. .,
.. e . . . . . ... . ,..E. s p a aq

.... ........ . ... .., .... .I= . = . = " .

... .. 1 ... . . _. j.. ...... ...
.

. . . . . . . . . . .. . . .'
g

.s. ....1.

....._....i ,

,

. 1.. .. ......J.. .....- . . . _ ..-
. . . . ... ......a......... .. ..

.

_..
. , . . . . . p

. . . ..... . .i ,...
.

. .. e.

. .. . . . . . - . . . .
.

-g.

..s. ........._.. ..a. . . . . . . .. . . . . . . . ,.. . .. . . .. . . .r.
..

.~...-g....-..s. .

.. i-

%y.... - . . . . . .. . . .-.. g. . 3, . . . . . .. .
_. 4 g

..

.

g _.. .. . . . ~ . ,.. .

.e
, _

.. . , , , . , ,,. ..! . . . _ . . . , . .. .

4... ._. . . ... . ....g...I.........
. . .

. ==A....
z . . . . _ .

. . . . .g. . . _ . . . .- . .
. $

. .- . . . . . ., . .

_.f.. ..._. .

.
.

g . . . . .. ....]....... . . , - - e,,,j ... . ._
..

I .- .. .

. . . . . . . . . . . ....- . . ..
.

. - .. . . .. . . 1.
. .

. . . ... . . ..g
.

.

Q eA .
. , . .

.

% . .. . . . . . . . 4
. .1.. ... . , . . . . . . ., .

. %..4 ...
, jJ. , ,. ,a. 4

.4........l......... . . . . . . . , . . . . .
.

....._....L... . . .
,. .

. . . . . . . . .. . . . . . . . . . ......I....... . .

.. _. ..

. .

i. . ...- g .. _6->
-

{Q.... . .. . , - . .

. . _ . . - . . . . .. . s ..
.

.. ,

I. * .

.,..
_ V. ,.. g sg . .. _ .. . . .. ... . . . _ . . ,... . . . . .

. .... . . . . .. . ....[.... . . . . . . ... .....1
-

.4

.
..... ..... . 4 .. .$

.
, .

**q .f . . .s ..g..,.. . . . . -

. -...-
.

. . &.
m.=s

/
- .

.;
...{. ... . + . .6 .* ..

. ,,, .. 4,.{ .. . g". 6
..

. . . . . . . . . .. . . . . . . . . . . . .
...a. .

.

...._.9.
..

..
.4.....p-..~..,

.._....9
.. ..

.

.* ^ .. g. |. ,
.. . . .... . .. .s.

.

.. Q g .. . . .. ..
-

... .. . ,.

. . .
. . . . .

.._... . . . . . . . .. . . . . _ - .
. . .. . r . . . . .. .. .f.a..,,.2 .
.

. . . . . . . . . . . , . . .......-...|.,...l........ . . . . j
. .=i....

.

...... . \. . . . . ..

4 .... .,,)... , . .
. . .-

...

. . .
. 9 .*

.

f.
. . ..

,

. .
g... . . . ._..

. Q , . . . . . T. . .. . . .... . . .. j/.- ... 4

. . .&.. . . . . . _ . .....

.. ... . . .--.. .. .. ............ . . . .. ..._..9. .... . . . ....
. . . . . .

.. . ...,.. | .
.

4. .
. , .

.

..

. I'
..

.. +... . , ..

.
. - ,4 _ .. . . &.

. . . . . . ,

|.*t .

.

.
. . . =*B s

. 3 . .. . .. .{
_ .

.

. .
g.....

%.6
4--

_

. .. . . . .. .
6

. .
.-. g

. .&. ..... .I.
. .

.

,..g.. .. . . . -..... . . . . . .. .. .
.

,, - a

AI
.

g . . . . . .
V| . ..

,

.. . . . .. .. .g
. . .

.

. . .. ... g. .

.

.x . . b. 5 . .. . . . . . . . . . .
. . . . . .

. ..

. . - , . . .-. . ,m . . a .- . . t. . . .

5. -l .....u
.

. . . .
. .. . .. . ..

\ .. . . - ..
... . . . . ....4.-

.
I

..-- .... n.
. 4. . . .

. . ... . .

.{..
.

. . . . f.
-

... .

l . .
1

* - - ~ . . - . , .
. . . . . .

E
*

ld . .o
, . . ...

. .4.
. . 5

.e. /.
l ,

.. y'
..

.C ,
--

'' | . . .. .'1 . |f.. . *. . . . ..-.- ' ..

. . d '..:. 'h.! b.._ ..* ...'..
*l*f

*

_.l....t...... Q.-* s. . ... .. .. . . . . . .
. .. .. . . . . .

. .. ..... 4

...

.c . - . .
.. . . . .. . ...~.

. ,. .

.l.

..g ..g. ....... .l.. ..
,

.
.., .

g... .. . . .. .

.,,. .
.. p

. .l
.

.

3
. 6 .

.-
. -

. .. .

., .
4). .

. ....u. .....4
. .... , . , . ....... . ...!.. . ... ... ....... . . ...

.

. ...... j . .a. .. . . . - . . - . . ~6

.l. . .... . . .. .
. . ... _..., . - . .

. .

- . ..
, e

...
, .

g .

,

_.
.. . ..- . . . . ... ,. . . . .. .. .... ..

.
6

. g
.

.

.. . . ... .. ... . . .. . . . .. . . . .. %.
.

.4.. .. .. . . . >..|. I
.-

. .

e. .

. . . . i -

.

4 .

--. -

.--.a .
. . , . .. .

I . . . .

. .

- . . -. .. . . , . .. . .._.... .I... . .. . .
.. . . . .a

.|.....
............. .

>
.

.4......
4

.. .. . . _.. ..

.
.

. . - - .
.... . . . .. -4.....

.
.s.. .. ... .. .. . ..

. ...

.. . .

.

.
.&.

-|. . .
. . . .

g. . . g. g.
. , 4,.

. .
. .

. .

'
-

' L .
-

. . .

.. - .I
.

.

M.- ..

.-O...
......

.. .. D .. .. O....
.

. . - . D . . . _1 D _... .. ... . . .; .. D .. . g. . .-... -

. . 1 .|:.: ! . - . .4 .

G . . 1_.
; ._ $ . . .- . .

, . .. .
- @ --- G ,._. . D.

. ., _.:.... ; ...N . I' ,

-
.

* .

I } l . t, . l. 1. .
l 1. .

. . .

. .. ......!...-.....)... 9 7:N. . / ..o. .f. X.. ,. ..L. .N. 2 O W.. .
. .

.

. .
s .. .

... . . . .

.- i. ;
- - - .

f - ... r . . .

g -- ~ .. .

.

.

~ . . . > .. --. . g. .

.. - . . . .-- . . . .
.

F/Gonc M7Yq.y g- . .
.



. .- , . . -7

*.

m
.* ,

.- -

t. .

.

. Mi
-

ou
8!

% 0'00? w|
Q %i~ ~,

2 gI---

.a

3
.

_-- tt.'' ~ ~
~

tu Cu 3a _

<' T).J

oe_
2 m : O'00E
E k b;= -- Qe ; C~

~
m: . .

e=
s

w -o ~~~ c
w 4 4 y

mte w 4 -- m
D $

-

z ( I'W
o % v
y ^x e-.

A S ) E i
"

0002e x v

8' M d y
w L in c

.
->t .

tu N '
e- --

f
o E (~~
r- o 11 ~ ng' R a "f.1 -o m

'-- ,-- -m <
b- cr .E. - - -

CD01re
- --a ______-_~.s_

%s
,

--

-
-

t < w -
v ~%,

/ :
c ;

N i

N
0000 0

.
I

q
&o

o''m J o.

.

[ (SB 7 - NI O/) IN3 WOW SS3 jg

l

49-9 -

.

t
- .. .



', . - __

,j

i Y- ,

y ,..,

;}, ' TOTAL /10tA E N Y /)r Et Bow
-.' VERSUS
+1 DISPL A C C IA E N T

I[;i
A

5 M0h12N T
b(/O T/l-LbS)

G '6 02
a

t .

6/A ,gg' = S. 5 x to .a| /
/$ .ld '

< . -

-

'/.30t

i 8< i

/I e -

n'q = .9'Vlt # 3.8'5X/0
'

3 . '/ y # ,

.

2 5g - .?

[..i
u -

.

I /

/J

$) /.72 ,
,

j f'
I

-1 0 86 |
..-] I

4
1
1

I-
I. d'~

0 00 '
a o e o o o c. oO O

O,3 O, O, . s O. , r> Og g , --..
*

O
N. + 0 0o o N +. . . . . . .

,

y o - .. -

.;

2

- ....?||C.|!.$.hA '
. - . ~ . . - - - - - - -

P

d e

. - -..... . .. . .. .. . . .. . . _O G u((R. .. !t. 7. 6. ..__ _. . .. .
. . . . . .. _ _ _ _ . _ _ _ .

. , .. . ,,. .;__ . , , ,, J de/A ,. _ . , .._, s,,,. ,.,_,,,, _.~ . , . - < , , . , m,r. = ., m . < , . , , . . -

,
.

_



.-
,

4.10 PRIMARY SHIELD WALL

4.10.1 Calvert Cliffs 1 & 2, Millstone 2

The following summarizes the analysis of the Calvert Cliffs /I Millstone reactor shield wall when subjected to a hypothetical
guillotine break in its number one hot leg and its number one-
A cold leg. The analysis incorporates transient pressure, operating

I temperature and break loads as static loads applied to the structure.
The vertical and horizontal pipe break loads were assumed to act
on the concrete supports, while the pressure and temperature
gradients were assumed to act on and within the reactor cavity
walls.

The struct'ure under analysis consists of three major components
(See Figures 4.3.14 through 4.3.21). The shield wall, which

runs from the base to elevation 69'-0" is in the shape of a
rectangle. The reactor cavity wall, which is in the shape of
an octagon, extends from the base to elevation 44'-0". Lastly,

the steam generators' pedestals are at floor elevation 31'-0".
Also included are two slabs that are tied to the reactor cavity
and the shield wall.

The static loads applied at the supports for the reactor vessel
were taken from the study of the generic operating plant's reactor
vessel supports (See Section 4.5.7). They are summarized in Table
4.10.1. The loads used represent the maximum values occurring
during the time histc.ry for each of the breaks, the worst case

I was chosen, at each support. The horizontal loads are projected
directly onto the primary shield wall ignoring the protruding
segment of the wall with which the support is tied. The vertical
loads are applied directly at the base of the supports.

The values used for the pressure distributions were taken from
the study of pressure loads on the reactor cavity wall of CalvertI Cli ffs. The study's results gave the pressurd transient for each
element of the modeled reactor cavity. The peak values for each
element were used and applied as a continuous static pressure.

I These values ranged from a maximum of 200 psi to a minimum of
50 psi. Pressures acting outside the reactor cavity were constant
and throughout, and thus assumed not to have any effect (See ,

Section 4.3.3.5). !
|

The effects of temperature were accounted for by considering an
operating temperature of 105 throughout except inside the cavity0

wall where 1250 operating temperature was used. The as-built
concrete temperature was assumed at 750

The gravity load on the structure was calculated diregtly by the
NASTRAN Program using an acceleration of 385.4 in/sec and the
section properties of each element. The material properties of
the structure were assumed tFroughout. 5000 psi and 60 ksi were II used for the concrete and steel ro pectively. |

I
4.10-1
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The NASTRAN Program was used to analyze the structure under the:
applied static loads. The structure was modeled using plate
elements. The model was assumed fixed at the base. Output ,

consisted of displacements at all the nodal points, forces at
fixed nodes, and element forces (See Figure 4.10.1).

,

l

Findings of the Analysis

The structure was checked using the critical results from the
computer output against the various interaction diagrams of
the concrete sections. No problems were seen with any of the
critical sections under axial compression or tension and bending.
Also, there were no elements showing failure because of acting
shear forces. It can be concluded that the structure will not
have any problems in coping with any of the forces that might
occur from the proposed pipe break loads. Figure 4.10.2
exemplifies the interaction diagrams and shows where the element
load conditions lie.

4.10.2 Palisades

The evaluation of the primary shield wall for Palisades is still
in progress. Based on a preliminary assessment of the structure,
the shield wall is adequate to withstand the combined effects of
component support loads cnd pressure differentials across the
wall.

4.10.3 Fort Calhoun

A comparison of the calculated reactor vessel support loads and the
loads employed in the original design of the primary shield wall
shows that the original design loads have been exceeded. An
evaluation of the capability of the primary shield wall for Fort
Calhoun would require state of the art analytical methods. We believe
that such an analysis is unwarranted and instead propose to
show, by fracture mechanics techniques, that the postulated
pipe break is incredible and '. hat the primary shield wall is
capable of withstanding the largest credible pipe bre 2% 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 perfonned and is presented
in Appendix C.

. 4.10-2
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Table 4.10.1

Generic Plant
(Calvert Cliffs 1 & 2, Millstone 2)

Reactor Vessel Support Loads

CASE GUILLOTINE AT RV INLET N0ZZLE 1A GUILLOTINE AT RV OUTLET N0ZZLE #1.

SUPPORT
! LOCATION HORIZ. SPPT. LOAD VERT. SPPT. LOAD H0RIZ. SPPT. LOAD VERT. SPPT. LOAD

(KIPS) (KIPS) (KIPS) (gips)
.

h
w

Il0T LEG #2 7897. 4612. O. 3281.

I

COLD LEG 1A 2192. a164. 2998. 1557.

COLD LEG 1B 6452. 4642. 3005. 1584.
_ _ . .

_

_ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _
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FIGURE 4.10.1'
. _

CALVERT CLIFFS 1 & 2, MILLSTONE 2

MATHMATICAL MODEL
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| Figure 4.10.2

| CALVERT CLIFFS / MILLSTONE
! PRIMARY SHIELD WALL ANALYSIS-INTERACT 10N' DIAGRAMS
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._ _ Figure 4.10.2 (Cont'd)
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CALVERT CLIFFS / MILLSTONE
I PRIMARY SHIELD WALL ANALYSIS-INTERACTION DIAGRAMS

I
.I

500K- AXIAL TENSION
FOR t = 71"

I
,

K400 _

!I
qi- _

$ 300K _ _

Ui t = 71"

g

KD 200 _

I
e (1238)

.

100K _.

.( m 3)g
( l l .' '0

15,000"-K 10,000"-K 15,000 20,000

MN(IN-K/FT)

I
I

-- - - _ . - - _. - - . . . _-


