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Section 1

INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

| This report summarizes the design of the core shroud repair for the Vermont Yankee (VY)
Nuclear Power Station. The report follows the guidelines for the format and content for

| core shroud repair design submittals prepared by the BWR Vessel and Internals Project
! (EPRI Report TR-105692).
, ,

1.2 SUMMARY

The VY core shroud repair addresses the potential through wall cracking of any
combination of the potentially sensitized 304 stainless steel circumferential core shroud
welds, i.e. H1 through H7 (See Figure 1-1). The repair is not included under the ASME
Boiler and Pressure Vessel Code Section XI definition for repair or replacement. Rather,
the repair is developed as an alternative repair pursuant to 10 CFR 50.55a(a)(3).

The detailed design of the repair is documented in Reference 1. As summarized below, the !
repair satisfies the requirements specified in the Vermont Yankee specification for the i

! repair and the BWR Vessel and Internals Project "BWR Core Shroud Repair Design |
Criteria" (References 2,3 and 4). The repair is consistent with the current plant licensing I

basis and ensures that the shroud will satisfy its operational and safety functions even if
welds H1 through H7 fail. The repair can also accommodate a complete failure of H8 with
the shroud legs intact.

1.2.1 Repair Overview

As shown in Figures 1-2 and 1-3 the repair consists of a set of four tie rod assemblies which
hold the shroud together. Radial restraints are provided at four elevations to limit the
lateral movement of the shroud sections. The repair design specification is provided in
Reference 4.

1.2.2 Structural and Design Evaluations

| The shroud repair hardware limits the displacement of the shroud such that the shroud will
maintain its basic as-designed configuration during all identified operating, transient and
accident conditions. In particular, the load carrying capability of the repair assemblies is

| sufficient to prevent separation of shroud segments during normal operating conditions for
any combination'of circumferential weld failures. The repair hardware radial restraints

1-1
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maintain the required shroud capabilities with respect to positioning and support of the
fuel assemblies, and other vessel internals, and core alignment for control rod drive
insertion. See Section 6.1 of this report for additional details on shroud displacement
evaluations.

As summarized below, the repair satisfies the structural requirements specified in
References 2,3 and 4.

Renair Assembly - The tie rod assembly satisfies the structural criteria for the repair.

hardware. In particular:

Although the repair is not considered an ASME B&PV Code repair, the repair-

satisfies the Design By Analysis stress and fatigue criteria of the ASME Boiler
& Pressure Vessel Code, Section III, Subsection NG (Reference 5).

Stresses in the repair hardware vertical load path will be less than yield during-

all normal and upset operating conditions, including anticipated thermal
transients. As a result, tie rod preload will not be lost inservice.

See Section 4.3 of this report for additional information on the repair assembly
stnictural evaluation.

Shroud - The stresses in the shroud resulting from the repair will be within the stress.

allowables of Section III, Subsection NG of the ASME Boiler & Pressure Vessel
Code.

See Section 4.4 of this report for additionalinformation on the shroud structural
evaluation.

Reactor Vessel - The stresses in the reactor vessel resulting from the repair will be.

within the stress allowables of the ASME Boiler & Pressure Vessel Code, Section III,
Class A,1965 with Summer 1966 addenda. In addnion, the response of the reactor
vessel to seismic accelerations is not affected by the repair.

See Section 4.5 of this report for additionalinformation on the reactor vessel
structural evaluation.

Reactor Internals - The fuel shear loads during a seismic event result in stresses in.

the top guide and core support plate which are less than the allowable stress.

See Section 4.5 of this report for additional information on the evaluation of loads on
reactor internals.

Eucl - The maximum fuel acceleration is less than the design acceleration for the.-

fuel.
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See Section 5.4 of this report for additional information on the evaluation of fuel
loads.,

1

Core Spray Pipe - The shroud repair assembly will limit the vertical and lateral.

| displacement of the shroud during all normal, upset, emergency and faulted service
loading conditions such that the core spray pipe is not over stressed.

See Section 6.5 of this report for additionalinformation on the impact on the core
spray system due to the repair.

1.2.3 System Evaluatians
!

The impact on plant operatioas of postulated 360* through wall cracking of the shroud
circumferential welds with the repair assemblies installed was evaluated. These evaluations
showed that there would be no impact on normal plant operations. The overall Core
Standby Cooling Systems (CSCS) performance would not be affected and control rod drive
insertion capability would be maintained. The parameters considered in the evaluationsi

include core shroud weld crack leakage, leakage at the repair assembly attachment points,
and lateral and vertical displacement of the core shroud. See Section 6 of this report for
additional information on these evaluations.

1.2.4 Material and Fabrication >

The materials specified for use in the repair assemblies are resistant to stress corrosion
cracking and have been used successfully in the BWR reactor coolant system environment.
The repair assemblies are fabricated from solution annealed Type 304 or 304L stainless
steel, solution annealed Type XM-19 stainless steel and alloy X-750 per EPRI NP-7032.
No welding is permitted in the fabrication or installation of the repair and special controls

; and process qualifications are imposed in the fabrication of the repair to assure acceptable
material surface conditions after machining. See Section 7 of this report for additional
information on repair hardware materials and fabrication.

|
1.2.5 Pre-Modification and Post-Modification Inspection

The inspections to be performed to support the repair are summarized below.

Pre-Modification Insnection - Prior to installation of the shroud repair, Vermont.

Yankee will perform ultrasonic inspections of design reliant welds. These inspections
will cover portions of the vertical welds in the H3/H4, H4/H5 and H6/H7 shroud
segments, the welds in the core support ring and welds H8 and H9.

The repair relies on portions of the vertical welds in the H1/H2 shroud segment to be
intact. However, due to tooling limitations,it is not practical to ultrasonically inspect
the vertical welds in the H1/H2 shroud segment. Therefore, rather than inspect these

|
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i

vertical welds, portions of circumferential welds H1 and H2 are designated as design
reliant welds; these circumferential welds provide an alternate path for the. loads |
carried by the vertical welds. Circumferential welds H1 and H2 were ultrasonically I
inspected in 1995. The results of these inspections will be used to demonstrate that j
sufficient design reliant weld length exists. It should be noted that Vermont Yankee

i

is considering H1 and H2 as design reliant welds only for inspection reasons and that I

the repair is designed as a repair to H1 and H2.

!
| The specific scope of the pre-modification inspections is discussed in Section 8.1.

Post Modification Inspection - Prior to reactor pressure vessel reassembly, visual.

inspections will be performed to verify the proper installation of repair. The scope of 1

these inspections is discussed in Section 8.2. .|

Inspection of the shroud and the repair in future refueling outages will be based on
the " Guidelines for Reinspection of Core Shrouds" recently developed by the
BWRVIP. The actual inspection scope will be submitted to USNRC at least 90 days
prior to the start of the 1998 refueling outage.

k

1
,

i

|
.

e

i

i
i

4

I

1-4
,

_ _ _ _ . _ ,



@1995 MPR ASSOCIATES
U.S. PATENT 5,402,570

I
Pf)l

,

_
---

D 'k | ,, .

N SPACER,j;|
I k' 4

'

I i ', fO_. ..f_t"Q g I i !;
,

|
37 ,

/ '!' \s || U 304 SSTIC
SHROUD/ ;;: |

'
* ' UPPER

[[M]1'
|||![ BRACKETr

! N !|,i ,/ RADIAL

1h
.

k ~"y'N l''! |' RESTRAINT
if4' , :d (BUMPER)BEE $s N/- '1,

[hg
, 'N | . l;

,
k I '

is , g
_ . _ _ . ._ . _-LT ||:

f h,
bE$1 - || i '

4 i

' I ? i; 4(, ',
,

'Sj...,qj:" i: 3 ;

f .. | .y

,g hf J d ' jif |;Y "
I y .;,

.
1 SEMBLY,

$. .

$l || j } g # (4 TOTAL)
d"

|[
--"''''!

f f ij ' f -

{.hI w ! j{ . { b / ki / ) Q
~j

' '
-

L]
-alib .

-
,

"
-

Ip .f| c.
<

[ ;
-

4

i
l'Ihd|](N

di $dh, y{ip _-

i( 9
{ 'nll p34 :

ul
4 1 J- -

7
'

2
;

h
~

,i j f f @j ATTACHMENTf i[ '| ['
|l $

l!
|-]L

LOWER';A-- y'
| j 4 1 h q ,i

[|n ,|A ANDj l! |$ f| [{ I
a

j )f

|| | h]'.h!

e u

SEAL RING'

-_ M Eh|.
I{ 77'

[(rj|l
V %.,,gff'

- | { {

j Nh-(~L
YHjj !L| i

! "b h \i,l|gh INCONEL 600

"
) - ; - CORE SHROUD;

SUPPORT PLATE'

-

|
|

TA1MPR VERMONT YANKEE SHROUD REPAlR |,

un/* owo FIGURE 1
,



,

!

c.00 H
I

_.

\h5.00

f 7- H1 \
\'

\'

l -
'38.25 175.50 DM -- - 1.75

\- 13.50 -

\ \- 7.625-
j

-
p

\ i|
-

H2 \I
,,,

32.00

! $ H3 \ !

~

97.66

206.00 Om \ j
,' REACTOR VESSEL ' N i

! \ '

170.19' -

| $ H4 \
I 293.50 / N

163.75 Du - 1.75
CORE SHROUD \<

9.25 - -

N
00 \| /'/
H6 \;

|
3.00 j \

l -

3.625 -| -

\<
!

! 21.25 \ l
'

76.06 \
160.00 On --- - 1.75

REACTOR VESSEL7\,

304 STAINLESS STEEL
|
' N

I H7 \f SHROUD SUPPORT PLATE

Of [ gINCONEL 600

, [1/ / ef/f/./ ; - H9

SHROUD SUPPORT SHROUD LEGS

6.50 - |
I

I I
'

fj

|
A A /

'
l '- 1.75-

l
j a /

3
| 1 /

| |
/

'/ |

| R79.88 / ,3.50

! / | i|
'/

7.00 f

i / /

SECTioN 'A- A'
,

14 LOCATIONS *NOT TO SCALEf
'

.

.

VERMONT YANKEE - SHROUD WELDS
M FIGURE 1-1r-ooa-is4-os (oi)

! 03/2s/ss (Qe)
I
|

|'
|



,

;
I

|
1

| @1995 MPR ASSOCIATES
\

U.S. PATENT 5,402,570

($
1

ff 8 ~
[[ D;._._._

.m

|
i' C JQ %% SPACER

?4

cy | , /" .
-- 4,. |

= F ~~~

-'Y5 'hgg
h 9 L s' ,

i 5

|
E O

-

', ,, -- 304 SST
|

7- SHROUD
|

^ 'j "
.

; . UPPER I
,

;l P g% /
%N /, |'|; .

BRACKET| i

,' RADIAL
|

'
! NT

$jj
k,

'T3 PMi | U[ -
-" BU R)

Q
'

r i pW.
|i ,i

' hI
,

'
. i , e

4 -_ m
'

}-[
- !'lu "|

! Y,1 : !! } } h [WjSy |
.

;

h, !
A 31'f .)I [h

||||f. ,..

j h l
p I 4

,
.

.$.'
' ' |! 4 ) I j M f -- TIE ROD |

:e w
4 . .: i j I $ ii: @. l i! j p |? / ASSEMBLY# -, .'i

h .j I

(h
,b% ? M'

,

[ b A I 4

h[h h f h{
A

(4 TOTAL)
.,

$ $ k 1 l!I f '

j
.| J i

c k h i *J% $ $ N sig !
e%%

"

yi. n' a x 0, ; u$ |
g

dh1 i- _ 77 h $ $
v e

|

j
.

- h ,

m J s tat Ah%m &y
t

d m 4 dy a p' -

:M|||' |jg I
I: U 1 '' i l

i( g LOWERIf
-i a

(g ! j![ h'1L 9 .!d 0

{k{'r'h ATTACHMENT
'

i<
, ,.M j

Q (if
'

') i U :( , )p 1j ' p. j ; ;[
: 1 i ;

:j L AND.

j[ l 1 i SEAL RING(eg
i
j*

W|jj'
'

;

!; j h J [Q~ 4'
q 1

L~ I

y' -

] f ; - gi ! | j . g
's

d L %
' p

]dM/

'

f7-- -dp '
$ INCONEL 600 |

i r !

M CORE SHROUD i

f f \ _ he
%,

SUPPORT Pl. ATE
'

i
.

MMPR VERMONT YANKEE SHROUD REPAIR
l F-VERW - 30- 8

3/27/96 (TAPc3 FIGURE 1-2



I
f

|

|
|

l
i
|

7

FEEDWATER SPARCER' /_
/

! CORE SPRAY HEADER /
| / \

7.88 - -/
/

e 179.00- 7
!w

! 4 / .

I 2, ./ |
H1 / | j j

s

'/; y i

h! M\ UPPER RADIAL SDSWC1.75 -
SUPPORTH2 / g /

|83 /B#9(
\| |' j/

TOP INTERMEDIATE RADIAL
SDSWIC SUPPORT,

,

| | | /
''

, /
/1

m

l '
#167.25 | ./

/,
, , <

1.75 / 1

| | / |

19.38 ANNULUS

; -
'

| -7
-

3.63 CLEARANCE7

!
| /'

i 7, ,

| /-

| j /
/, ,

'

| /.

nId
f /\BOTTOW INTERMEDIATE RADIALj H6 | g SE]SWC SUPPORT

yNe 163.50
LOWER RADIAL SDSWIC
SUPPORT|

, y,

|
'

/
1.75 -| | /-

| /

'! /|
! WH7 | [ * "^"/,

ay 1,

|
'

H9

.

@1995 MPR ASSOCIATES
U.S. PATENT 5,402,570

! VERMONT YANKEE - SHROUD REPAIR'

M cu,, FIGURE 1-3
CJ/2s/94 (can)



-m. - .._._.__..m . . . . . . _ . . _ . ._

|4.00

I _

[s \5.00 / - Hi \,

s N
N

38.25 175.50 ou - - 1.75 \
\-

\<~ 13.50 -

\ \~ 7.625-

: N
I H2 N

2.00 I N
H3 \

~

97.66
206.00 On \-

REACTOR VESSEL ' %
\ |

]170.19 -

if H4 g
' N293.50
: N

\R SHROUD

\9.25 - /-

: N'
E2Z4 0 b I

3.00 I $ \ l
' N-

3.625 -|
-

21.25
76.06 / N

160.00 OIA -|- 1.75
/ REACTOR VESSEL

\304 STAINLESS STEEL /

N'

I H7 \g SHROUD SUPPORT PLATE

[ gj''f INCONEL 600

<r////////U H9 j

SHROUD SUPPORT SHROUD LECS
*

6.50 -
I

I I
It I *

A A / j

ij ,'A '- 1.75 ,

I #
, .

I
r i

3.50 fR79.86 /
/' | !t

7.00 I, f

/ / ,' '

SECTION 'A-A'
'NOI IO IM14 LOCATIONS /

/

VERMONT YANKEE - SHROUD WELDS
WMPR FIGURE 2.
;5??1||%\*" i

i



I
!

|

|
:

| |

| |
Section 2 |
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,

| BACKGROUND 1

|
i,

| l

2.1 SHROUD OPERATION AND SAFETY FUNCTIONS

The core shroud operational and safety functions are provided in the Vermont Yankee
Nuclear Power Station FSAR and are reproduced below:

3.3 Reactor Vessel Internals Mechanical Design '

3.3.1 Power Generation Obiectives

Reactor vessel internals (exclusive of fuel, control rods, and incore flux monitors)
are provided to achieve the following power generation objectives:

Maintain partitions between regions within the reactor vessel to providea.
proper coolant distribution, thereby allowing power operation without fuel
damage due to inadequate cooling.

|

b. Provide positioning and support for the fuel assemblies, control rods,
incore flux monitors, and other vessel internals to assure that normal
control rod movement is not impaired.

3.3.2 Power Generation Design Basis

1. The reactor vessel internals shall be designed to provide proper coolant
distribution during a!.' anticipated normal operatm
proper operation of the core without fuel damage.g conditions to allow

2. The reactor vessel internals shall be arranged to facilitate refueling
operations.

3. The reactor vessel internals shall include devices that permit assessment of
the cor,e reactivity condition during periods of low power and suberitical
operations.

4. Adequate working space and access shall be provided to permit adequate
inspection of reactor vessel internals.

3.3.3 Safety Design Basis

1. The reactor vessel internals shall be arranged to provide a floodable
volume in which the core can be adequately cooled in the event of a breach
in the nuclear system process barrier external to the reactor vessel.

| 2. Deflections and deformation of reactor vessel internals shall be limited to
'

assure that the control rods and the core standby cooling systems can
perform their safety functions during abnormal operational transients and
accidents.

!
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|

|

3. The reactor vessel internals' mechanical design shall assure that Safety
Desig and (2) are satisfied in accordance with the loading
criten,n Bases (1) dix C, so that the safe shutdown of the plant and removala of Appen
of decay heat are not impaired.

2.2 VYNPS RESPONSE TO GL 94-03

USNRC Generic Letter 94-03 requested BWR licensees to (1) inspect the core shrouds in
their BWR plants at the next scheduled refueling outage and (2) perform a safety analysis
supporting continued operation until inspections were conducted.

Vermont Yankee replied to the generic letter in References 6,7 and 8.

The USNRC issued References 9,10 and 11.

Vermont Yankee inspected the core shroud during the 1995 refueling outage. Flaw
indications were identified in several welds.

The USNRC evaluated the results of the inspections and the associated engineering
analyses and issued a Safety Evaluation Report that required Vermont Yankee to either
reinspect or repair the core shroud prior to startup from the 1996 refueling outage
(Reference 11). I

1

|

:
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Section 3
|

| DESCRIPTION OF REPAIR
!
l

! 3.1 DESIGN OBJECI'IVES
|

The function of the core shroud repair is to structurally replace all potentially sensitized

|' 304 stainless steel circumferential core shroud welds, i.e. H1 through H7 (See Figure 1-1).
In addition, the repair can accommodate a complete failure of the H8 shroud weld with the
shroud support legs intact. The design life of the repair is 40 years.

3.2 DESIGN CRITERIA

j The repair is developed as an alternative repair pursuant to 10 CFR 50.55a(a)(3). The
repair is consistent with and meets the criteria developed by the Boiling Water Reactor
Vessel and Internals Project, "BWR Core Shroud Repair Design Criteria"(Reference 3).
The design specification for the repair is provided in Reference 4.

| The vessel internals were originally designed in accordance with the " intent" of Section III
of the ASME B&PV Code. Accordingly, the repair is designed to satisfy the requirements
of Section III, Subsection NG," Core Support Structures", of the ASME Boiler & Pressure
Vessel Code (Reference 5). In addition, stresses in the vertical load paths shall be less than
yield for normal and upset operating conditions. As a result, preload will not be lost
inservice.

The repair prevents vertical separation of the shroud during normal operating conditions at
any postulated failed circumferential weld (s).

The repair is designed for the current plant operating conditions. However, margin is
provided to allow for a potential future increase in core flow and/or a power uprate. In
particular, the core shroud pressure differentials considered in the design analyses have
been increased by 15% over those for the current operating conditions.

3.3 DESCRIPTION OF REPAIR COMPONENTS AND DESIGN FEATURES

The core shroud repair design consists of four tie rod assemblies installed 90* apart in the
core shroud / reactor vessel annulus. Each assembly consists of a tie rod, upper bracket,
lower T-head and seal assembly, and four lateral restraints (See Figure 1-2 and 1-3). The

'

assemblies, which are designed and fabricated as safety-related components, are used to
maintain the alignment of the core shroud assuming all circumferential welds are cracked
360* through wall.

|

3-1
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J- A spacer ring is provided between the top shroud flange and shroud head. Cut outs are
provided in the ring which allow the top bracket to be hung from the top shroud flange.

,

The bracket is captured by the shroud head and the top lateral restraint. The bracket
'

extends from the top flange to just above the H3 weld and provides support for the top
lateral restraint. The tie rod passes through a hole in the top lateral restraint and bracket
and is held by a nut. The tie rod extends down to the T-head at the shroud support plate.

' The T-head is connected to the plate through a hole which is machined in the shroud
support plate. The hole in the shroud support plate is sealed with a seal ring which is
preloaded against the support plate. The seal preload is independent of the preload in the
tie rod. |

The radial restraints are solid stainless steel spacers which provide positive rather than
spring type lateral restraint of the core shroud. The restraints are integral with the tie rod
assemblies. The restraints are installed based on field measurements to provide a small
effective gap relative to the vessel wall. At the shroud elevations which support the top
guide and core support plate the effective gap is about 1/8 inch (which equates to less than
0.0007 inches of radial clearance per inch of shroud diameter). At the upper intermediate
and bottom radial restraint locations a clightly larger effective gap of % inch is provided.

.
;

As discussed in Section 6.1, these gaps result in acceptable shroud displacements during all
loading conditions.>

!

|
|Together the tie rods and radial restraints resist both vertical and lateral loads resulting

from normal operation and design accident loads, including seismic loads and postulated
pipe ruptures. The tie rods provide verticalload carrying capability from the upper bracket
on the top shroud flange to the lower T-head connected to the shroud support plate. The
tie rod installation preload is selected such that the installation preload plus the thermal
expansion load generated by plant heatup results in a total load on the tie rods sufficient to
ensure that shroud segments cannot vertically separate during normal plant operation, even
in the event that welds H2 and H3 fail after installation of the repair.

The tie rod design incorporates an additional structural member which can assist in
carrying the large primary loads associated with accident and safe shutdown earthquake
events. However, at Vermont Yankee all vertical tie rod loads are carried by the inner tie
rod member.

Each cylindrical section of the shroud is prevented from unacceptable lateral motion by the>

radial supports even if it is assumed that the welds contain 360' through wall cracks. The
motion of the top flange and the shroud sections above H3 are restrained by the top
bracket and the upper radial support. The shroud sections between H3 and H4 are
restrained by the top intermediate radial support. The shroud sections between H4 and H6
are restrained by the bottom intermediate radial support. The shroud section between H6
and H7 is restrained by the lower radial support. All horizontal support for the fuel
assemblies is provided by the top guide and the core support plate. Lateral restraint of the
shroud at these elevations is provided by the upper radial and the bottom intermediate
radial supports.

3-2

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



r 1

!

By restraining the vertical and lateral displacement of the shroud cylinders the repair
assembly effectively replaces the potentially sensitized 304 stainless steel circumferential l

welds, i.e. H1 through H7. In order to restrain the shroud cylinders, the repair relies to
various extents on the following existing welds being intact:

Vertical welds in the shroud cylinders |*

1

Radial welds in the shroud flange and the top guide and core plate support rings.

Top guide support plate welds.

Shroud support plate to reactor vessel weld (H9)*

The design does not rely on the entire length of each of these welds being intact.

The repair relies on portions of the vertical welds in the H1/H2 shroud segment to be j
intact. However, due to tooling limitations, it is not currently practical to ultrasonically
inspect the vertical welds in the H1/H2 shroud segment. Therefore., rather than inspect
these vertical welds, portions of circumferential welds H1 and H2 are designated as design l

reliant welds; these circumferential welds provide an alternate path for the loads carried by
the vertical welds. It should be noted that Vermont Yankee is considering H1 and H2 as
design reliant welds only for inspection reasons and that the repair is designed as a repair to
H1 and H2.

I

|

|

.

I
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! Section 4

STRUCTURAL AND DESIGN EVALUATION

4.1 DESIGN LOADS AND LOAD COMBINATIONS
I
! The loads and load combinations required by the VYNPS Final Safety Analysis Report (FSAR)

are evaluated in the design of the shroud repair. As required by the specification for the repair
(Reference 2) a SSE earthquake during refueling was evaluated as an additional emergency

; service level loading. These loads and load combinations are summarized in Table 4-1.

I~
A combination of hand calculations and finite element analyses were used to define the design
loads. Hand calculations were used to determine the loads on the repair hardware and shroud
due to deadweight (including buoyancy effects), core pressure differential, differential thermal
expansion effects, and a recirculation line break. These calculations used existing componentI

weight, differential pressure and LOCA design basis information as design inputs.

| The core shroud pressure differentials specified in Section 3.3.5 of the Vermont Yankee FSAR
are used as the basis for the pressure differentials used in the design of the repair, the data in the

'

! FSAR is based on a power output of 1665 Mwt and the licensed plant power is 1593 Mwt.

| Additional margin has been provided in the core differential pressures used in the design of the
repair to allow for a potential future increase in core flow and/or a power uprate. In particular,'

the core shroud pressure differentials considered in the design analyses have been increased by
15% over those specified in the FSAR.

Seismic loads on the shroud and repair hardware were determined by dynamic time history
analyses. The analyses were performed using the ANSYS computer program and the current
FSAR seismic model modified to include the shroud repair components. The seismic analysis
models and inputs are discussed in Section 5 of this report.

The original design approach for Vermont Yankee was based on a two-dimensional load
combination of one horizontal direction and the vertical direction. Absolute summation was
utilized and the greater of the north-south / vertical and east-west / vertical comb * ations wasm
selected. In the analyses for the shroud repair, the loads determined in the analysis of the
vertical, North / South and East / West seismic loadings were combined by SRSS as described in
USNRC Regulatory Guide 1.92.

| The recirculation line break LOCA produces a spatial and time varying lateral pressure in the

( shroud / reactor vessel annulus. The initial acoustic phase of the transient is very abrupt relative
j to the shroud inertia and frequencies, and does not have a significant effect on the shroud. The

j remainder of the transient extends over a relatively long period of time and as such, is considered

4-1
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a static pressure. This load was combined with normal operating loads and design basis
earthquake loads in the evaluation of a postulated recirculation line break.

Loads during normal operation are a combination of the tie rod installation nreload, differential
thermal expansion between the shroud and repair hardware, gravity and pies 6me loads. All
combinations of potential weld failures were considered. The largest operating loads are
obtained if the shroud is uncracked when the installation preload is applied and remains
uncracked during operation. Due to the change in shroud flexibility associated with some weld
failures (e.g., failure of H2 and H3), tie rod and shroud loads are generally smaller if the shroud
cracks after the repair hardware is installed. The larger loads were considered in the stnictural
evaluations, while the smaller loads were considered in the evaluations performed to ensure that
shroud segments do not separate during normal operation.

4.2 ANALYSIS MODELS AND METHODOLOGY l

Analysis models and methods used to evaluate the repair hardware and existing structures are
discussed below. The models and methods used to develop the seismic loads on the components

! are discussed in Section 5.

4.2.1 Structural Analysis Models and Methods

A combination of hand calculations and finite element analyses were used to evaluate the repair
hardware and existing structures. Three-dimensional finite element analyses using the ANSYS
code were used to determine the structural response of the shroud, and shroud support plate. '

Hand calculations were used in the evaluations of the repair hardware and tie rod preload. Hand
calculations were also used to evaluate vessel stresses due to loads from the radial restraints and
shroud support plate.

,

The finite element models used to determine the effective shroud spring constants at each of the
radir.1 restraints were also used to evaluate the shroud stresses at these locations. As a result, a
consistent set of assumptions was used to generate the lateral seismic loads and to evaluate the
resulting stresses. As discussed above, to bound the potential response of the repaired shroud,
seismic analyses were performed assuming that the cracked welds would not carry any shear
load (i.e., sliding) and assuming that the welds would remain sufficiently interlocked to carry
shear (i.e., pinned). The spring constants and corresponding stresses were evaluated for both of
these boundary condition assumptions.

!

:

.

i
!
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4.2.2 Weld Crack Model

As discussed in Section 6.1, no separation of the shroud occurs during normal operation. The
shroud will only separate completely during a main steam line break, and then only for a few
seconds. For load combinations other than the main steam line break local areas of the shroud
may temporarily separate under seismic loading. However, the majority of the shroud remains in
contact with a net compressive load across the postulated failed welds.

The seismic loads on the tie rod and shroud are conservatively evaluated considering both pinned
and sliding models of postulated circumferential weld failures. The vertical stiffness of the
shroud for compressive loads is calculated with the welds at H2 and H3 modeled as p'mned. In
estimating the reduction in tie rod load resulting from the postulated failure of H2 and H3, noi

i credit is taken for the fdlet welds at H2 and H3.

4.3 REPAIR HARDWARE EVALUATION
:

} 4.3.1 Renale Hardware Structural Evaluation
i

: As discussed in Reference 1, the repair hardware satisfies the structural criteria for the repair
specified in the repair design specification. In particular:;

I The Design By Analysis stress and fatigue criteria of the ASME Boiler &-

Pressure Vessel Code, Section III, Subsection NG are satisfied.:

a

! Tie rod preload will not be lost inservice; stresses in the repair hardware vertical-

! load path will be less than yield during all normal and upset operating conditions,
; including anticipated thermal transients.
t

*

The maximum fatigue usage in the tie rod assembly due to OBE and thermal-

i expansion, (including startup and shutdown) loads occurs in the threaded section

; of the spring rods. The fatigue usage at this location is less than 12%.

1

| The fatigue usage from shroud and flow induced vibration is negligible.-

For a given loading, the limiting loads on the tie rod assemblies and radial restraints occur with
; different assumed shroud cracks. However, since the vertical and lateralload paths are
i essentially independent, the bounding vertical loads for all break cases were considered with the

} bounding radial loads for all break cases. The limiting stress in the repair assembly during
normal operation is the bearing stress between the bracket ledge and the shroud flange. The,

stress is less than 80% of allowable. The inner sleeve is not loaded during normal operation.

4-3
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4.3.2 Flow Induced Vibration

The tie-rods were analyzed to ensure that reactor coolant flow would not induce unacceptable
vibration. The basic approach to obtain resistance to flow-induced vibration of the tie rod
assembly is to provide features that conservatively assure a high degree of stmetural damping
and thereby minimize the response to flow-induced vibratory excitation. Accordingly, flow
induced vibration effects are conservatively calculated assuming that the tie rods are excited at

j their natural frequency and with a conservatively low damping factor. As discussed above, the
!

| evaluations show that stresses resulting from flow induced vibration are small and pose no
fatigue concern.

i

4.3.3 Radiation Effects

The effects of radiation were considered in the selection of the repair materials and fabrication
'
|

processes. As discussed in Section 6, all materials used in the repair have been used successfully
for years in the BWR environment.

i

As discussed in Section 4.6, the potential relaxation of the tie rods due to radiation and 1

temperature effects was considered in the design of the repair and the evaluation of tie rod i
preload.

|
4.4 SHROUD EVALUATION ;

The stresses in the core shroud were evaluated to the stress criteria of the ASME B&PV Code,
Section III, Subsection NG (Reference 5). For a given service loading, the limiting loads on the
shroud occur with different assumed shroud cracks. For example, the stresses due to lateral
loads are dependent upon the condition of the welds in the vicinity of the radial restraint and the
stresses in the H2/H3 ring are dependent upon the condition of both H2 and H3. All
combinations of potential weld cracking were considered in the analyses.

During normal operation the maximum stress in the shroud is less than 22% of allowable.
Similarly, the tie rod load on the shroud support plate is less than 80% of allowable. The lateral
displacement of the shroud sections is discussed in Section 6.1.

4.5 REACTOR PRESSURE VESSEL AND INTERNALS

The response of the reactor vessel to seismic accelerations is not affected by the repair.
In particular, a comparison of the reactor vessel accelerations due to seismic loadings for an
intact, unrepaired shroud to those for a repaired shroud with a break at the location which results
in the largest radial support loads, shows that the vessel accelerations for the two cases are nearly
identical.

The stresses in the reactor pressure vessel due to the loads on the radial restraints were evaluated
to the original vessel design code (ASME B&PV Code, Section III, Class A vessel,1%5

| Edition, including Summer 1966 addenda). These evaluations show that the stresses in the

| Vessel due to the radial restraints are small and well within the code stress allowables for all
defined loadings.

4-4
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As discussed in Section 5.4 the stresses in the top guide and core plate due to lateral seismic fuel
loads for the repaired shroud are less than allowable. The lateral displacement of these structures
is discussed in Section 6.1.

The evaluation of the seismic loads on the fuel is discussed in Section 5.4.

4.6 LOSS OF PRELOAD

| The preload in the tie rods during normal operation is a function of the installation preload, the |

differential thermal expansion of the tie rods and shroud during heat up to operating
temperatures, and the relative stiffness of the tie rods and shroud. As a result, the maximum tie

i rod load will occur when the tie rods are installed with the shroud welds intact and the welds
| remain intact during operation. The minimum tie rod load will occur when the tie rods are
i installed with the shroud welds intact and the welds fail after installation. The entire range of tie

rod loads is considered in the structural and displacement evaluations. In addition, the
installation preload is selected to provide margin for any loss of preload due to thermal and
radiation relaxation effects.

|

As discussed in Section 6.1, the installation preload is selected so that the shroud will not
separate during normal operation even if welds H2 and H3 fail after installation of the repair.
The stresses in the tie rods are less than yield during operation. In addition, the tie rods are

i loaded, unloaded and loaded again during installation to ensure that all components are properly
;

seated prior to tightening and crimping the load nut in place. As a result, a significant reduction
in installation preload during operation is very unlikely.

In the unlikely event that installation preload is lost on one of the tie rods, the remaining load is
| sufficient to prevent the shroud from separating at failed welds under current operating
J conditions.

4.7 LOOSE PARTS CONSIDERATIONS

The various pieces that make up the repair assemblies are captured and restrained by appropriate
locking devices such as locking cups and crimping. These locking device designs have been<

used successfully for many years in reactor internals. Loose pieces cannot occur without failure
of the locking devices or repair assembly components. Such locking devices and the stresses in
the pieces which make up the tie-rod / radial restraint system are well within allowable limits for
normal plant operation. In addition, the design includes suitable features to prevent detachment
of the tie-rods even if preload were lost.

|

|

|
|

|
i
|
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The repair assemblies are fabricated from stress corrosion-resistant mateiial. Therefore it is
unlikely that a component will fail. However, in the unlikely event that a tie-rod becomes
detached from its attachment point during normal plant operation, there are no nuclear safety
consequences to the shroud or to the other tie-rods. Ifindividual components should somehow
break off the repair assembly, they would fall to the bottom of the downcomer annulus or if
small enough, could be transponed into the recirculation loop and its pump. The consequences
of a loose component are no different than that postulated from other loose parts from the reactor
internals within the recirculation system.

4.8 INSTALLATION CLEANLINESS

A temporary core cover will be utilized to preclude foreign object entry into the core area. All
tooling used for installation will be inventoried and subjected to foreign material exclusion

| procedures when in the reactor vessel area. Furthermore, the tooling will be extensively field
hardened prior to site deployment to reduce the possibility of tool failures and/or breaks which
could potentially result in loose pans remaining in the vessel. If failures occur most likely the
parts could be retrieved from the temporary core cover or from the top of the shroud suppon.

Four oblong through thickness slots will be machined in the shroud support using the EDM
process. The process is such that no slug results from the slot formation. This process will result
in a very fine debris (swarf) being generated. This debris will be primarily comprised of carbon,
nickel, iron, chromium, etc. which are the primary elements contained in the shroud support ring
and EDM electrode material. This swarf will be flushed and vacuumed from the cut during the
machining operation. The swarf and reactor water will be filtered prior to discharge back into
the cavity. Since the area under the shroud ring is inaccessible, the electrode is designed to
assure that predominantly fine swarfis released when the electrode breaks through the underside
surface of the shroud support plate to minimize swarf entry into the reactor vessel. However,
due to the nature of the process and configuration required, there is the likelihood that some
larger panicles will remain in the reactor vessel.

Subsequent to the EDM operations, the surfaces of the slots will be honed (approximately 5 mils
surface removal depth) sufficient to remove the portion of the recast layer, resulting from the
EDM process, which may contain fissures. During honing operations, the swarfgenerated will
be vacuumed from the area. Some may fall below the shroud support plate. The small amount
of debris not collected is not detrimental to the BWR system.

,

Subsequent to completion of the tie rod hardware installation activities, a final video inspection
in the reactor vessel and cavity will be performed to verify no foreign object entry during the
repair.j

|

1
I

|
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Table 4-1

VYNPS Core Shroud Repair
Design Loads and Load Combinations

Load Case Service Load Combination
Level

Normal: Operation A Nornni Loads (including deadweight, normal
operating differential pressure, tie rod
preloads and normal thermal loads (due to
differential expansion of the tie rods and
shroud at normal operating temperatures))

Upset : Thermal . B Normal Loads + ThermalTransient Load
Transient

Upset : Pressure B Normal Loads + Upset Pressure Transients

Upset : Operating Basis B Normal Loads + OBE
Earthquake

Emergency : Safe Shutdown C Normal Loads + SSE
Earthquake

Emergency: Safe Shutdown C Shutdown Loads + SSE
Earthquake
(During Refueling) (Shutdown Loads include deadweight, tie rod

preloads)

Faulted : Steam Line Break D Normal Loads + SSE + Steam Line Break

Faulted:- Recirculation Line D Normal Load + SSE + Recirculation Line
Break Break
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| Section 5

i SEISMIC ANALYSES
i

i

; This section describes the analyses performed to calculate the seismic loads on the reactor

! internals of the Vermont Yankee Nuclear Power Station with intact and failed core-shroud welds
and the MPR core-shroud modification installed. It summanzes the seismic models, the seismic4

4 inputs used, and the results obtained. The loads from these analyses are inputs to the design
stress analyses discussed elsewhere in this report.

:
i

5.1 DESCRIPTION OF THE SEISMIC MODELS

The seismic dynamic models are two-dimensional finite-element beam models. Their scopes:

i include the reactor building, the drywell, the biological shield wall, the reactor pedestal, the
: reactor pressure vessel, the reactor internals and the core. Figures 5-1, 5-2 and 5-3 illustrate the
; scope and stmeture of the seismic models. Time history seismic ground excitation is applied at
; the base of the reactor building. Three models were utilized: two horizontal models (East-West
i and North-South) and a vertical model. The models are based on existing seismic models of the

{ primary structures of Vermont Yankee prepared for the replacement of the reactor recirculation
j system piping (Reference 16).

The geometry, masses, stiffness coefficients, etc. of the existing models documented in-

j Reference 15 were retained except for the addition of the modification hardware and the addition
; of the weld failures in the individual load cases. The previous seismic models were converted
[ from the original format into ANSYS 5.2 format for use in the present analysis. The conversions

of the models were verified by comparing the natural frequencies and seismic forces and,

i moments of the intact models without the core shroud modification installed to those of the
previous analysis (Reference 16).

| The converted seismic models were modified to add the mass and stiffness coefficients for the
MPR core-shroud modification. The modified models include non-linear gap elements to
accurately represent the effect of the small gaps between the lateral supports and the vessel wall.
Linear elastic elements are used to model all other components. Figures 5-2 and 5-3 show the
modifications to the models. The tie rods provide restraint against axial and rotational
displacement of the core shroud. The springs Ka and K,a represent the axial and rotational
stiffness coefficients of the modification, respectively.

The lateral restraints of the core shroud modification prevent excessive displacement of the core
shroud components in case of failure of the horizontal welds in the core shroud. Small, radial
clearances are provided between the restraints and the reactor vessel. The restraints are modeled
with gaps and springs. The upper restraint and the lower-intermediate restraint have radial
clearances of about 1/8 inch. These restraints assure that the alignment of the core is maintained
within limits. The upper-intermediate restraint and the lower restraint have radial clearances of
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i
!
i about % inch. These restraints assure that, in the event that multiple, complete failures of
j circumferential shroud welds, the shell sections maintain sufBeient radial alignment that the i

| walls of the shell sections overlap preventing a fluid flow path from being opened. '

; The stiffhess coefHelents of the restraint springs, Ken, Ken, Kai2, Kaa, K,3, and K , represent the
| resistance of the core shroud to local displacement due to contact of the restraint with the reactor
! vessel after closure of the radial clearance. The stiffness of the top bracket, which spans from
| the shroud flange to the H2/H3 transition ring, is represented by the Kea pring. The locals

i stiffness coefficients used at the lateral restraints are calculated for each restraint location using a
j three-dimensional finite-element model of the core shroud. The stiffness coefficients vary
i depending on the assumed condition of the core shroud (i.e., depending on the weld break case)

] being considered in the analysis. The three-dimensional model is shown in Figure 5-4.

:

j The damping values of the seismic models were obtained from the Vermont Yankee Final Safety

j Analysis Report (Reference 16). These damping values are according to Regulatory Guide 1.61
(Reference 17). The damping varies depending on whether the horizontal or vertical model is:

j being considered and whether an OBE or an SSE is being considered. Table 5-1 summarizes the
i damping values used.;

|

| 5.2 SEISMIC INPUTS |

| l
The design basis seismic input for Vermont Yankee is the 1952 Taft earthquake anchored at: '

i 0.07g for the operating basis earthquake and 0.14g for the safe shutdown earthquake (Reference
| 12). To provide added conservatism in the shroud repair design, Vermont Yankee specified the

i

; use of a USNRC Regulatory Gui(ie 1.60 response spectmm input for the repair seismic analysis.
j As a result input to the seismic analysis is a time history ground motion at the base of the reactor

building which satisfies Regulatory Guide 1.60 requirements for ground motion spectra. The:

! USNRC has previously reviewed and accepted this alternative design approach for Vermont

) Yankee (Reference 13).
!

j The original seismic design basis for Vermont Yankee assumed no vertical amplification, and
f applied a vertical seismic load of 0.10g. The analyses of the shroud repair explicitly evaluate the

vertical seismic response of the repaired shroud.1

!

! Three ground acceleration time histories: two independent horizontal time histories and a
! vertical time history, plotted in Figures 5-5, 5-6 and 5-7 scaled to a peak ground acceleration of
; 0.14g, are defined. These time histories are the time histories used in the current FSAR analyses

for Vennont Yankee Nuclear Power Station. As shown in Figures 5-8, 5-9 and 5-10, the time!

! histories are independent, synthetic earthquake time histories developed to match a Regulatory
; Guide 1.60 (Reference 18) acceleration response spectrum. For speci6c analyses, the time

histories are scaled to the appropriate peak ground acceleration based on the seismic event (i.e.,
OBE or SSE) being considered.

;

!
!
1

i

!
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When applying the horizontal time histories to the uncoupled, two-dimensional horizontal
seismic models, the time histories are scaled to account for torsional interaction between the
East-West and North-South responses of the structure. The scale factor for the East-West
horizontal seismic model is 1.15. The scale factor for the North South horizontal seismic model
is 1.05. These factors are applied to the time histories after they are scaled to the appropriate
peak ground acceleration for the seismic event being considered. When applying the vertical
time history to the vertical model, the time history was multiplied by a factor of 1.1 in
accordance with the FSAR for Vermont Yankee.

5.3 CORE SHROUD CONFIGURATIONS ANALYZED

The MPR tie-rod modification to the core shroud is designed to accommodate failure of one or
more of the horizontal welds in the core shroud. It is also acceptable for ' stallation on an intactm
core shroud as a preemptive measure. In order to ensure that the limiting seismic loads were
evaluated, a large number of assumed core shroud configurations were analyzed. These
configurations bound the range of possible configurations. Over 60 seismic analysis mns were
performed. The specific configurations evaluated in the seismic analyses are summarized below.

5.3.1 Horizontal Farthanskee - Shroud Confleurmilans Analyzed

1

The shroud configurations discussed below were analyzed for 1) both the north / south and
east / west earthquake loads and 2) both the operating and safe shutdown earthquakes.

Three intact core shroud cases were analyzed. The first intact case is an intact shroud without
the tie-rod modification installed. This case, solved by modal superposition, is the verification l

case discussed earlier, which was used to vedfy the conversion of the model to an ANSYS
model. The second intact case is an intact shroud without the tie-rod modification installed and l
solved by the direct integration method used to solve the repair break cases. This case is a
reference for comparison to the broken-weld configurations analyzed. The third intact case
considered is an intact core shroud with the tie-rod modification installed. This case evaluates
the preemptive installation of the tie-rod modification on an intact core shroud.

A range of potential single weld and multiple weld failures was considered. The single weld
failures analyzed included the failure of H7, H4 and H3. The H7 weld is the lowest-elevation
circumferential weld and has the largest mass above it. In addition, breaks below the core
support plate result in both lateral core supports (top guide and core support plate) being above
the break.

For single breaks between the top guide and the core support plate, the core is laterally
supported partly by the shroud and partly by the repair. The H4 weld is an unsupported weld
between the core plate and the top guide. The H3 weld is between the top guide and the core
support plate and has the shortest moment arm to the top restraint, which carries the lateral load
due to the top of the core and the overhanging steam separators.

For single breaks above the top guide, the core is laterally supported by the shroud. For this case
the repair assembly is only loaded by the overhanging steam separators. As a result, the loads on

5-3
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Table 5-1

Damping Values Used in the Seismic Analyses
2of the Core Shroud Repair .

Horizontal Directions Vertical Direction
Component Description

OBE SSE OBE SSE

CRD guide tubes and housings 1% 2% 1% 2%
i

Reactor pressure vessel and other 2% 4% 2% 4%
internals, stabilizers, star truss, etc.

!

Drywell 2% 4% 2% 4%

Reactor building, biological shield, 4% 7% 4% 7%
and reactor-vessel pedestal

Reactor fuel assemblies 6% 6% 4% 6%
i

i
'Damping values were obtained from the Vermont Yankee FSAR, Section A.10.2.7

:

i

!
'

|

l

|
|

.
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!- the tie rod and top bumper for this case are bounded by those for the multiple break case
! discussed below.

For each of these single break cases, two different weld configurations were evaluated. The two

{ weld configurations use different assumptions regarding the load-bearing capacity of the failed i
welds. One configuration (the " pinned" configuration) assumes that shear, but no moment, can 1*

j be carried across the weld. The other configuration (the " sliding" configuration) assumes that
neither shear nor a moment can be carried across the failed weld. In this way, both " rough" and
" smooth" crack-surface conditions are covered.

; The horizontal earthquakes were also analyzed for a multiple weld break case. For this case it I

i was assumed that all of the welds H1 through H7 are broken and sliding. Here, the core shroud

! is broken into many pieces and the tie rods and lateral restraints support the reactor core and
'

| steam separators. This case pute the minimum reliance on the core shroud and the maximum

| reliance on the tie-rod repair.

i
j Two additional configurations were considered to assess the impact of the failure of H8. Since
s the maximum loading of the H8 weld occurs when it must carry the entire cantilevered mass of
!

the core, shroud and separators, the other weld break cases (i.e. failure of H7, H4 and H3) were
not repeated with H8 broken.,

|

5.3.2 VertienI Farthaumbe - Shroud Confleurations Analvred

In the evaluation of vertical earti: quakes three intact core shroud cases were wiyzed. These |i

i cases are analogous to the intact snroud cases performed for the horizontal earthquJes discussed I
l

! above. These cases were used to serify the conversion of the model to an ANSYS model and to
I demonstrate that the installation of the repair has no impact on the response of an intact shroud.

I

{. A failure of the weld at H7 was considered in the analyses for the vertical earthquakes. A break
,

j at this location maximizes the mass restrained by the tie rods. In addition, since this weld is |

| below the core plate, a break at this location would also result in the largest upload due to !

, differential pressure.
i
'

Multiple weld failures were also considered in the analyses. In particular, the failure of H2, H3
and H7 was evaluated. As discussed above, the failure of H7 maximizes the mass restrained by
the tie rods, while the failure of H2 and H3 would minimize the compressive load across the
failed welds due to deadweight and tie rod load.

Finally, two additional configurations were evaluated to assess the impact of the failure of H8.

These shroud configurations were analyzed for both the operating and safe shutdown canhquake.
In addition, the single and multiple break configurations were analyzed for a safe shutdown
canhquake with a main steam line break; the large pressure drop across the core plate and shroud
head during a main steam line break result in separation of the shroud at the failed weld.

5-4
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5.4 SEISMIC ANALYSIS RESULTS

| Seismic forces and moments were calculated for each of the seismic load cases described in the
| previous section of the report. The response to vertical, North / South and East / West seismic

| analyses were combined by SRSS for use in the evaluation of the repair hardware and the core
shroud. The stress analyses are described elsewhere in this report.

The analyses show that the loads for the fuel are not substantially changed by the repair for both
intact and failed core shrouds. A comparison of the maximum fuel acceleration (obtained by
SRSS summation of the accelerations calculated for the north-south and east-west earthquakes),

| to the fuel vendor's proprietary value of maximum allowable acceleration show the fuel
accelerations to be acceptable with substantial margin (Reference 19).

.
As shown in Appendix C ofReference 2, for the current loads the ratio of calculated to allowable

! stress in the top guide and core plate is less than 0.86 and 0.62 respectively. With the repair
'

installed and a break at H3 there is a smallincrease in the seismic fuelloads However for this. ,

| limiting break case, the top guide stresses are still less than 91% of allowable and the core plate
stresses are less than 70% of allowable.

!

|
|

|

|
1

I

|
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Section 6

SYSTEMS EVALUATION

i
!

6.1- SHROUD DISPLACEMENT )
l

The potential for vertical separation and/or lateral displacement of the shroud cylinders I
was evaluated for all loadings and the range of potential circumferential weld failures. The I

; evaluations show that even during the limiting case (i.e. welds H2 and H3 fail after
j' installation), and with a 15% margin on the shroud pressure differentials, a compressive

load is carried in all shroud sections. As a result, there is no separation of the shroud
during normal and upset operational transients.

!

For the current operating conditions no separation of the shroud would occur during an
OBE event. However, with a 15% increase in pressure differentials some small temporary
separation could occur due to tipping of the core shroud during an OBE. Similarly, a small
temporary vertical separation could occur during a SSE or SSE plus main steam line break

L event. After the temporary separation no significant shroud bypass flow will occur. The
small temporary vertical displacement will not affect the Core Standby Cooling Systems.

The lateral displacement of the core shroud is limited by the radial restraints provided on
each tie rod assembly. The displacement of the shroud rings at the top guide and core

| support plate are limited to less than 0.188 inches for all service loadings by the radial
restraints at these locations. This small displacement is niurh less than the allowable lateral

| displacements of the top guide and core plate of 0.96 and 0.33 inches respectively for
! Service Level NB loadings (Reference 20). As a result, these displacements provide a

L significant margin for Service Level A/B, C and D loadings.

! The lateral displacements of the remaining shroud cylindrical sections are also limited by
; radial restraints. The displacement of the shell sections between H3 and H5 is limited to

less than 0.75 inches. This ensures that the 1.75 inch thick shell sections will always be over
lapped, preventing the formation of an additional leakage path. Similarly, the shell section
between H6 and H7 is limited to a lateral displacement of less than 0.75 inches. This
ensures that the shroud sections will overlap.

6.2 BYPASS FLOW
,
,

'

Although the shroud will not separate at failed welds during normal or upset operating
conditions, some leakage may occur through the cracked welds (H1 through H8). Some

i small amount of additional leakage may occur across the seal rings at the four locations at

| which the repair assemblies are attached to the shroud support. The slots in the spacer ring
!

j 6-1
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|

' between the shroud flange and head are sufficiently shallow to prevent a leakage path
between the upper core plenum and the vessel downcomer from being formed.

A summary of the potential shroud leakage flow rates is provided in Table 6-1. The
leakage across the shroud was evaluated for shroud pressure differentials 15% greater than

-

the current design values. Bypass flow through cracked circumferential shroud welds is
conservatively estimated assuming that each weld develops a complete circumferential
crack that opens to 0.001 inches. The seal rings provided at each of the repair assembly-to-
shroud support plate attachment points are preloaded against the shroud support plate.
This preload is independent of the tie rod load. A conservative estimate of the potential
bypass flow across the seal rings was obtained by assuming that a 0.001 inch gap exists
between the seal ring and shroud support plate.

The total maximum calculated bypass flow of 101 gpm (0.078% of core flow) is sufficiently|

small such that the steam separation system performance, jet pump performance, core -
monitoring, fuel thermal margin and fuel cycle length are not affected by the repair.

;

Similarly, the impact on CSCS performance is insignificant. '

l
6.3 NORMAL OPERATION 1

|

As discussed above, the potential leakage across a repaired shroud is negligible and has no
significant impact on plant operation.

6.3.1 Steam Separation System

Leakage flow through cracks in welds H1 and H2 occur above the top guide support ring.
This flow would slightly increase the total carryunder in the downcomer. The totalleakage
flow also has the effect of slightly decreasing the flow per separator and slightly increasing
the separator inlet quality. However, the leakage flowrates are very small and judged to
have a negligible effect on overall steam separator performance.

6.3.2 Recirculation System

The installation of the repair assembly will have a negligible effect on the downcomer flow
area. The repair assembly will decrease the available flow area in the downcomer at the top
of the shroud by less than 6%. The pressure drop associated with this small restriction is
about 0.005 psi. The small leakage flow rates have a negligible effect on the subcooling of
the downcomer flow. Accordingly, the overall effect of the repair on recirculation system
flow and pressure drop is insignificant,

t

6.3.3 Core Monitoring System
4

5 The small leakage flowrate has a negligible effect on core flow and power relative to the
i normal instrumentation power uncertainty of 1 to 2% (Reference 14). Therefore it is

concluded that the impact of the repair on the core monitoring system is not significant.

6-2
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6.3.4 Operating and Fuel Cycle Length

The increased carryunder due to leakage flow above the top guide would result in a slight
increase in the core inlet enthalpy, compared with the no leakage condition. The combined
effect of the slightly increased enthalpy and the slightly reduced core flow due to leakage is
judged to have a negligible impact on fuel cycle length.

6.4 ANTICIPATED OPERATIONAL OCCURRENCES AND CORE OPERATING
LIMITS |

As discussed above, the small leakage rates associated with the repaired shroud will result
in a small increase in carryunder and core inlet enthalpy, and a small reduction in core flow.
The changes are very small and are judged not to affect core operating limits. As discussed
in Reference 14 there is no impact on safety limits even for a cracked and unrepaired
shroud.

6.5 LOSS OF COOLANT ACCIDENT ANALYSIS AND CSCS PERFORMANCE
I

The Core Standby Cooling System (CSCS) includes the Core Spray, Low Pressure Coolant
Injection, and High Pressure Coolant Injection Systems. A cracked shroud could
potentially affect the performance of the CSCS by affecting the distribution or flowrate of
coolant provided by the system.

Since the core spray system penetrates the core shroud between H1 and H2, the potential
exists to affect the operation of this system. The maximum calculated displacement of this
section of the shroud with the repair installed was determined to occur for a main steam
line break concurrent with a SSE. The maximum vertical displacement is less than 1 inch.
Analyses show that this displacement would result in acceptable stresses in the core spray

.

'

piping in the vessel. As a result, the performance of the core spray system is not affected by I

the repair.

The water level in the core following a recirculation line break is maintained by the CSCS
to a level equal to the jet pump suction. The smallleakage paths associated with a cracked
and repaired shroud will have a very small impact on the CSCS flowrate required to
maintain this water level. The leakage rate through cracks during a recirculation line break
is estimated to be less than 101 gpm. This leakage is negligible relative to the single-pump
CSCS capacity of 2838 gpm for the Core Spray pump,6570 gpm for the low pressure
injection pump, and 4250 gpm for the high pressure injection pump (Reference 2,
Appendix E, FSAR Table 6.5-9). Therefore the leakage paths has no impact on CSCS
performance during a recirculation line break event.

As a result, the overall CSCS performance is not changed by the repair.

|

6-3



- , . . - , . .en-a --+-a -- -

|

Table 6-1

Summary of Shroud Bypass Leakage Flows

Leakage Flow W Leakage-to-Core
Location (gpm) Mass Flow

(%)

Weld Cracks 90.4 0.07
(H1 Through H8)

!
|
'

Seal Rings At
Repair Assembly-to-Shroud 10.3 0.008
Support Plate

TOTAL 100.7 0.078

, NOTES:
|

1. Estimated leakage is for normal operating conditions with a 15% increase in shroud
differential pressures.

!

i

4

,
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Section 7

MATERIALS AND FABRICATION

7.1 MATERIALS SELECTION

The materials specified for use in the repair assemblies are resistant to stress corrosion
cracking and have been used successfully in the BWR reactor coolant system environment.
The repair assemblies are fabricated from solution annealed Type 304 or 304L stainless
steel, solution annealed Type XM-19 stainless steel and alloy X-750 per EPRI NP-7032.
Type 304 stainless steel is used for the top bracket and radial restraints. X-750 material is
used for the spring rod assembly and top adapter. XM-19 is used for the bottom adapter.

As required by the shroud design specification, all materials specified for use in the shroud
repair are in accordance with ASME or ASTM approved specifications. All materials have

' been previously used in the BWR environment similar to that seen by the repair assembly.
The materials are not susceptible to general corrosion and are resistant to Intergranular
Stress Corrosion Cracking (IGSCC) in a BWR environment. Additionalinformation on a

Imaterial specification, procurement I:nd fabrication requirements implemented to ensure
that the repair hardware is highly resistant to IGSCC is provided in Sections 7.2 and 7.3.

!

Materia' iroperties and allowable stresses for repair components are as specified in the |
ASME B&PV Code, Sections II and III,1989 Edition for Class 1 components. For Alloy {
X-750 material, allowable stresses are determined from Code Case N-60-5. I

I

l7.2 MATERIAL PROCUREMENT SPECIFICATIONS j

All tie rod hardware items are constructed from either austenitic stainless steel or alloy
X-750. Welding on these materials is prohibited by the procurement requirements. These 1

materials as procured, are highly resistant to IGSCC. NDE of material used for load i
bearing members is performed in accordance with ASME Code Section III, Subsection

|
NG-2000. Specific material requirements are summarized below for the material used in '

the repair.
l
I

Austenitic Stainless Steel |
.

!

All stainless steel items are procured in accordance with the applicable ASME or j
ASTM standards supplemented by the following:

'

|
- All stainless steel alloys are either Type 304,304L, (F)XM-19. Type 304 alloys

have 0.03% maximum carbon. Type (F)XM-19 alloy has 0.04% maximum

7-1
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carbon. All stainless steel materials are full carbide solution annealed and I

either water or forced air quenched from the solution annealing temperature,
sufficient to suppress chromium carbide precipitation to the grain boundaries in :
the center of the material cross section. l

|
p Solution annealing of the material is the final process step in material-

manufacture. For material procured to SA(A)479, Supplementary
Requirement S5 is applicable, or the yield strength ( 0.2% offset) is limited to 52 )

ksi maximum for the 300 series stainless steel and 84 ksi for the (F)XM-19 i

material. ASTM A262 Practice E tests are performed on each heat / lot of |

stainless steel material to verify resistance to intergranular attack and that a
non-sensitized microstructure exists (no grain boundary carbide decoration). |

- Pickling, passivation or acid cleaning of load bearing members is prohibited
after solution annealing unless an additional 0.010 inches material thickness is
removed by mechanical methods. For other non load bearing items,
metallography at 500X is performed on materials from each heat, similarly
processed, to verify excessive intergranular attack has not occurred.

- Controls are also specified in the procurement documents to preclude material
contamination from low melting point metals, their alloys and compounds, as
well as sulfur and halogens, during material processing and handling.

|

Alloy X-750-.

|

Alloy X-750 Condition CIB is also used for some items. This material is in general
conformance with EPRI NP-7032," Material Specification for Alloy X-750 for Use in
LWR Internal Components (Revision 1)". One exception is that forced air cooling
from the solution annealing temperature instead of water quenching is permitted.
The heat treated cross section is sufficiently small to still obtain the desired
microstructure throughout the sect.on. The material has either Class A or Class B j

microstructure and shows acceptable behavior when subjected to the rising load tests. |

These tests confirm acceptable resistance to IGSCC.

7.3 MATERIALS FABRICATION

No welding or thermal cutting is used in the fabrication and assembly of the items. Cutting
fluids and lubricants are approved prior to use. Controls are also specified to preclude
material contamination from low melting point metals, their alloys and compounds, as well

i as sulfur and halogens, during processing and handling. Passivation, pickling or acid
i cleaning of the items is prohibited. Liquid penetrant testing after final machining or

grmding on critical surfaces will be performed.4

i

!
J
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i Abusive machining and grinding practices will be avoided. Machining and grinding process
| parameters and operations will be controlled. Additionally, machining process parameters
{ in criticalload bearing threaded areas will be controlled, based on qualification samples,
| which have been subjected to macroscopic and metallographic examinations and

|
microhardness testing. Evaluations willinclude hardness magnitudes and depths, depth of I
severe metal distortion, depth of visible evidence of slip planes and depth of cold work.

Solution anneal heat treatment will be performed on the load bearing threaded areas on

those items constructed of 300 series (i.e. the main load nut) or (F)XM-19 stainless steel l

(i.e. the bottom adapter). This heat treatment will also be based on qualification samples
to verify maintenance of mechanical properties, dimensional stability, grain size and
intergranular corrosion resistance per ASTM A262 Practice E. The cold work depth on the
Alloy X-750 in the threaded areas will also be limited to a maximum depth of 0.003 inches,

-

to minimize the potential for service related performance degradation.
,

!

|

|

|

l

,

l

l

i
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Section 8
1

PRE-MODIFICATION AND POST MODIFICATION INSPECTION
:

!

i 8.1 PRE-MODIFICATION INSPECI' ION
;

Prior to installation of the shroud repair, Vermont Yankee will perform ultrasonic inspections of
f design reliant welds. These inspections will cover portions of the vertical welds in the H3/H4,

H4/HS and H6/H7 shroud segments, the welds in the core support ring and welds H8 and H9.,

!

) The repair relies on portions of the vertical welds in the Hl/H2 shroud segment to be intact.
; However, due to tooling limitations, it is not practical to ultrasonically inspect the vertical welds !
I in the Hl/H2 shroud segment. Therefore, rather than inspect these vertical welds, portions of j
i circumferential welds H1 and H2 are designated as design reliant welds; these circumferential |

welds provide an alternate path for the loads carried by the vertical welds. Welds H1 and H2 '

were ultrasonically inspected in 1995. The results of these inspections will be used to
demonstrate that sufficient design reliant weld length exists. It should be noted that Vermont

.

Yankee is considering H1 and H2 as design reliant welds only for inspection reasons and that the I

repair is designed as a repair to H1 and H2.

The specific scope of the pre-modification inspections is as follows:

The specific scope of the pre-modification design reliant weld inspections will bd further
detailed in the 1996 Outage Core Shroud Inspection Scan Plan (available for review at Vermont
Yankee).

,

In addition to the design reliant weld inspections above, Vermont Yankee (as a minimum) will
perform the following pre-modification / installation reviews and inspections.

Visual inspection of annulus area for tie rod installation interference and annulus-

cleanliness.

Review of plant drawings for possible installation interference in the annulus area.-

Review of plant drawings for tooling access into the annulus area.-

Review of plant drawings for equipment access and laydown.-

Review ofplant refueling floor area for equipment access and laydown.-

8-1
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! 8.2 POST MODIFICATION INSPECTION

8.2.1 Prior To RPV Reme=ambly

Prior to reactor pressure vessel reassembly, visual inspections will be performed by TV to verify
the proper installation ofrepair. The scope of these inspections is summarized as follows:

Top and both sides of bracket to confirm proper seating,-

Nut to confirm crimping.-

One side of the lower end ofbracket and upper outer sleeve to assure the pin of the outer-

sleeve properly mates with the slot in the lower end of the bracket and that clearance '

exists between the bottom of the bracket and top of the outer sleeve,

One side of the tie rod assembly full height to confirm proper assembly of outer sleeves-

and radial supports, and 1

i

| One side of the seal ring to verify the engagement witn the slot in the shroud support-

plate. To verify that the bottom "t" adapter is correedy oriented, check proper
engagement of the pin with the lowest outer sleeve.

8.2.2 During Subneauent Refueling Outages

Inspection of the shroud and the repair in future refueling outages will be based on the;

'

" Guidelines for Reinspection of Core Shrouds" recently developed by the BWRVIP The actual.

inspection scope will be submitted to USNRC at least 90 days prior to the start of the 1998
refueling outage.

|
|

1

e
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