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PREFACE

Pool swell loads have recently been identified as possible
loadings on GE Mark I Containmernts. The magnitudes and :

time characteristics of these loads are the subjects of

.many ongoing studies by GE and others. These loads, as

" presently identified, have been used in the structural

evaluations of the critical components of the containments

in the Short Term Program.

"Evaluation of the results of the various structural analyses

which have been .conducted to date has resulted in the decision

by Commonwealth Edison Co. to reinforce the inside columns

and- the pin connections at. the base of the inside columns

‘at Dresden Units_Z & 3.

. This document describes these modifications and'preseﬁts new

values of Code allowable Capacity that will exist as a result

of the modification.

nutech |
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1.0 INTRODUCTION

. The first major generation of General Electric Boiling Water -

Reactors are housed_in a contalnment structure designated.as
the GE Mark I containment. A total of 25 ofvthese units are
built or are being Built in the Unlted States. Inclnded in
this number are the Dresden Nuclear Generating Plant contain-
ment vessels. The“original design of the containments for
these plants considered all the loads normally associated with
containment vessel design. These include for example:.
pressure and temperature loads assoc1ated with a loss of -
coolant accident, ‘wind loads, seismic loads, dead 1loads, Jet
impingement loads, hydrostatic loads due to the ﬁater'in the
suppression chamber,.overload pressure test loads and

construction loads.

As described in Section 2.0 of this report, the original designs

were analyzed for compliance.with the appropriate design

specification (Reference 1) and ASME Code (Reference.Z) requiref’v
ments. The results of those analyses are documented in the

containment VesSel ASME Section III Stress Reports (Reference

“3). Since the time of the original design criteria, possible

addltlonal loadlng conditions have been revealed These
additional loadlng cond1t1ons result from suppre551on chamber

pool swell Wthh may be produced from clearlno air from the

vent system following a postulated loss of coolant accident.

o P nutech -
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The owﬁers of Mark I containments have formed a Mark I Ownefs :
Group to addréss these new loadings.. They have initiated a
Short Range Program which is designed to make an assessment

of the effects of thesé loads on the containments and to
determine if the containﬁent will remain intacf if subjected

to these new loads. The Owners Group is also making plans:

~for a Long Range Program which entails a more detailed

evaluation of the magnitudes of the loads themselves as well

as their effects on the structures. Included in the Long

-Range Program will be various tests on scale models or pro-

totype structures.

The purpose of the work reported herein is to describe - .
structural modifications to the suppfession éhémberfsupports
of the Dresden Nuclear Generating Plant deemed necessary as

a resuits of the effort completed on the_Shért Range Program.

This report-Consisté of a discussion of the .general criteria
being used for the modifications, a deséripfion_of_the
COmponents.being eﬁaluated,.a description of the modifications,
ah'identificétion of thelvarious 1oéds, a description of the -
analyses thch was performed to arrive at new capatitiés

and a summéry of the results from these analyses.
The calculations have been done on the basis of linear elastic

systems. The elastic analysis provides sufficient data for

evaluating the actual behavior and, when combined with the

nutech
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generic analyses reported from the Short Range Program, provides
another level of assurance that the integrity of the containment
vessel for the Dresden plants will be maintained during a

postulated loss of coolant accident.

157 nutech
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2.0 CRITERIA

The containment vessels were designed, constructed, and
Stamped as Class B vessels inlaccordance with Section III of the
ASME Boiler and Pressure Vessel Code tReference 2). The
suppression chamber'supporfS-were designéd in accoraanée with
the American Inétitute of Steel Construction Specifi;ation for
the Design, Fabricétion and Erection of Structural Steel f&r
Buildings (Reference 4)[-'Therefore; applicable.code allowébié
stress and stress.intensityllimits were'satisfied for all 1oads
specified for the original design. \Pdol swell 1oéd$, however,

were not included in the originally specified loads.

The criteria used in this report for evaluation of the modified
column and pin connection is the 1974 Edition of the ASME Code,

Section'III, Subsection NF,'”Component Supports'.

2.1

'nute'chj -
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3.0 GENERAL DESCRIPTION OF CONTAINMENT VESSEL

The containment vessel considered herein is a General Electric

Company Mark I design with a drywell and toroidal.suppression‘

- chamber as illustrated schematically in Figures 3.0-1 and

3.0-2. The basic dimensions and cOnfigurations_are as

~ established by the original Design Specifications (Referencevl

1) and are ddcumented in the appropriate ASME Stress Reports

(Reference 3). This section provides a géneral description.

of the suppreséion chamber shell and its support structure.

Othef structural components cbnnected'tp the suppression
Chambér,.such as the vent system, vent headef support
columns, penetrations, access hatches, intefnallpiping
supports, 1édders, platforms, monorails, spray headers, weld

pads and horizontal seismic supports are not included in the

scope of this report.

Thé Suppression chamber ié in tﬁe generél form of a torus but

is actually constructed of 16 mitéred éylindrical‘shell segments
as shown in Figures 3.0-1 and 3.0-2. A reinforcing ring'with
two supporting columns is provided at each mitered.joint. The -
reinforcing ring is located slightly off the mitered joint in

a plane parallel to;the'mitered joint. _As such, the inter-

section of the ring's web with the shell plate is an ellipse.

For ease bf-fabrication, the inner flanges of the ring is rolled

to a constant inside radius. Thus the web depth varies around

the riné. The plate thickness of the suppression chambér shell,

: hutéch- ~
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~the ring web and flanges, and the details of the support

columns are provided in Section 3.1.

The suppféssion chamber is connected to the drywell by éight

vent lines. At the dfywell end oflthe.vent line, a transition

1s provided which_incréases the diamefer at»the-penefrétioﬁ
">‘into the drywell. 'Within the suppression shamber, thé-vént'__~"

lines are connected to a common header. Connected to the

header.are downcomers which terminate below the normal water
level of the suppression pool. A bellows assembly at the
sﬁppression_cﬁémber end of the vent line allows for differential
expansion between the drywell and the suppression_thamber. In
order to accommodate the downcomer thrust loads, column supports
are provided which connect the vent header fo thé reinforcing. )
ring at the suppressibn chamber mitered joint. The general

arrangement - of the vent system can be seen in Figuré 3.0-1.

“nutech
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3.1 Suppression Chamber

The dimensions and plate thicknesses of the Dresden Nuclear
Generating Plant containment vessel are given in the ASME
Section III Stress Report (Reference 3). The details which

affect the analyses reported'herein are discussed below.

As'seen'in Figure 3.1-1, fhe inside diameter of the cylindricél
segments which make up the suppression chamber 1is 30'-0";- The
shell plate in the ﬁpper half of the torus.is 0.585 1inches
thick and in thelbottom half of the torusvthe thicknéss 1s
0.653 inches. The méjor diameter, measufed»af the'midsection

of the mitered cylinders, is 109'-0".

The reinforcing ring ét fhe suppréssionvchahbef miferéd joints
1s sﬁown in Figure 3.1-2. -The-15” wide inside flange is of
1-1/4" thick material. The inside flange is rolled to

a constant radius of 12'-10 3/4". The intersection of the web
with-the‘suppression chamber is elliptical in form. As such,

the depth of the 1" thick web varies from 24 to 27.5 inches.

— | ~ nutech
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- REFERENCE:

Bi1 DWHGE 202 REV 4 — UNIT 2
I DNG 202 REVO — UNIT 3

- RADIUS IN PLAME QF GERDER:']Z’_{O%” n

RADIUS PERPENDICULAR T0 SHELL = 15%0"

TR -
VARIES ,
24"70 271.5
ol k"
?.

| \SHELL
THICKNESS TOP HALE =.585'
THICKNESS BOTIOM HALF = ,653"

* FIGURE 3.-2 DR S,Tfii UNITS 2 & 3 MITER JOINT
REINECRCING RING
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3.2 Support Structure
The suppression chamber support columns and the details of the

connection between the suppression chamber and the columns are

'shown in Figure 3.2-1. The outside columns are 10-3/4" outside

diameter pipe with a wall thickness of 2-1/4”_ The original

‘inside columns are 8-5/8" outside didmeter pipe with a wall

"thickness of 1-1/4". The'detail of the column connection at

the suppression chamber corresponds to a fixed connection

whereas the connection to the foundation is a pinned connection.

| nutech
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4.0 ‘MODIFICATION'DESCRIPTIONv

The modifications to the Dresden torus support structure which .

are currently being implemented consist of adding reinforcement

to the inside columns and the pin connection at the base of the
inside columns. These modifications are discussed in Sections

4.1 and 4.2 below.

nutech .
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4.1 Column Reinforcement

-The existing inside columns consist of 8" pipe (8 5/8" outside

diameter). ~The reinforcement is 10" pipe (10 3/4" OD, 8 3/4"
ID) which is split longitudinally and then fit around the

existing columns. - The column reinforcement is shown schematically

- 1in Figure 4.1-1. Also.refef to drawing No. 102 in Appendix A

for more detailed information.-

Full penetration welds are used at the top and bottom of the

~reinforcement pipe to transfer the load into the reinforcement.

Intérmittent welds are used along the edges of the 10" pipe’

to preclude reinforcement buckling.

"The addition of the reinforcement results in the inside column

cross sectional area bging increased from 28.96 sqﬁare inches
to 56.19 sduare inches. The pipe material for the feinforce-
ment is ASME SA-106 Grade B pipe,’which has the same minimum
spec. yield and ultimate as the existing column material,‘

A-53 GR B.

nutech
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4.2 Pin Reinforcement

The existing pin connection consists of a 5"¢ pin'ahd double
1 1/2" clevis plates. The reinforcement is a cradle both

above and below the pin located between the inner clevis

B plates, "Wedges allow installation of the cradle without pin

- removal and insure bearing contact between the pin and cradle. .

The pin reinforcement is shown schematically in Figure.4ﬂ2§1.

‘Also refer to drawing no. 101 in Appendix'A for more detailed

;informatibn. The addition of the reinforcement results in

the pin/clevis bearing area being increased from 15.0 squére

inches to 51.77 square inches.

The cradle and wedge material is ASME SA-515 Grade 70 plate.'

_"A ._ | 4.4 - : : l1l]t(§(:r1
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S.O LOADS AND LOAD COMEINATIONS

The loads which are employed from the analyses of the suppreSsion'
chamber support are described in Section 5. l ~As noted |
prev1ously, many of the loads assoc1ated W1th the postulated

- loss of coolant accident are not, at present, f1rmly establlshed.
As discussed in the following sections, thevloads utilized in

the analyses have beentobtained ffom GE and Bechtel doCUments
.whlch have been provided to the utilities at various meetlngs

‘The magnitudes, durations, etc. employed for the loads represent

the latest information that:is available at this time.

The plant unique'analysis which is presently being conducted
for Dresden Units 2 and 3 will provide better definition of
the structural response to the pool swell loads The plant'

unique analys1s 1s scheduled for completlon in August 1976

~ hutech
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5.1 Loads
The loads that are of interest in this. report are fhosé which -~
can act onzthe'torus supﬁort columns_and pin connections at'_
the fime of pool swéll: These loads are és followsi

a) Torus deéd weight | |

b) Torus water weight

c) Vertical and horizontal
‘ seismic loads

d) Dyhamic pool swell loads

" The sourcé of the numérical values for the above 1oad§ for the

" Dresden inside columns is the tables pfovided by Bechtel;at

the Februafy 19 and.ZO, 1976 meeting with the NRC in Bechtél
.offices in Saﬁ Franciscé, California. (Reference 7). The down-
ward loads are given in the table titled "Estimated Compression

" Loads Including Plant Factors and Seismic'". ‘Fér the upward

load ﬁhase the.column.loads are given in the table titled
"Estimated Column Ternsion Loads from 2-D Model-Table 2A";
In»érriving at-these loads Bechtel used ﬁagnitudes, time
characteristics, etc. aésociated with the initiai bubble

pressure and torus ailr space_compfession pressure portioﬁs 6f

the dynamic pool swell'loads as given in_Referencés 5 and 6.

For the downward loads the valﬁes given in the above referenced
table are multiplied by a‘correlation factor of 0<85. This factor:
is used in the ratio:tables of Reference 7 and in this_feporf to
provide correlation between the Bechtel 2-D model 6f the ”referencé
plant' and the NUTECH 3;D model of fhe‘same plant. The plant .

unique analysis which is currently being conducted will not

5.2
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utilize the 0.85 factor since a structural model of the

specific Dresden torus will be used. Since the results of

the plant unique analysis are not available at this time, the

.column loads from Reference 7'are considered appropriate.

Table 5.1-1 is a summary of the loads given in Reference 7.
These loads have been computed assuming no pressure A"
differential between the drywell and suppression chamber.

(i.e. AP = 0). Table 5.1-2 provides values for the column

" loads for the AP of 1.0 psi currently being maintained at

Dresden Units 2 and 3..

nutech



TABLE 5.1-1

LOAD SUMMARY (AP = 0 psi)

1) Values in columns (2),
from Reference 7.

2) The .85 factor (column (5))
reference plant 2-D results
for the downward load phase only.

DEAD LOAD SEISMIC DYNAMIC |TOTAL LOAD
ity LOAD - VERT. POOL SWELL | .85x%7(2)
"COLUMN WATER & - - 4 5
MN : § HORIZ. LOAD (AP= | (3) € (4)
, STEEL . )
(KIPS) SEISMIC 0 psi) T
(KIPS) (KIPS) ‘
.| DRESDEN
gun|  INSIDE -242 -55 -760 -898
e COLUMN : ' ‘
= 0, - -
£ ~| DRESDEN < |
25| oursibr -296 -67 - -928 -1098
=l COLUMN | |
.| DRESDEN : |
7 INSIDE -242 +55 #347 +160
251 COLuMN
=~ ,
& | DRESDEN : - -
25| OUTSIDE -296 +67 +425 +196
-1l COLUMN
(1) (2) (3) (4) (%)
NOTES:

(3), and (4) .above have been obtained

5.4

3) (-) used for column compression -load
(+) used for column tension load

is the correlation factor of -
and 3-D results and is used

nLitech- .
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TABLE 5.1-2
LOAD SUMMARY (AP = 1.0 psi)
' | SEISMIC DYNAMIC |TOTAL LOAD
| DﬁﬁgEﬁogD LOAD - VERT. POOL SWELL | .85x5(2),
COLUMN § HORIZ. | LOAD (aP= | (3) € (4)
3 | STEEL \ , .
: (KIPS) SEISMIC . 1 psi) .
(KIPS) (KIPS)
- DRESDEN
252 INSIDE - -242' -55 -540 - -711
§¢L
£ a| DRESDEN o "
S| OUTSIDE -296 -67 -659 -869
— COLUMN :
2| - DRESDEN. _ o
vl . INSIDE- -2472 . +55 +309 +122-
2= COLUMN | - :
e
) DRESDEN ‘ - : -
=S| OUTSIDE -296 +67 +378 +149
—=|  COLUMN : -
(1) (2) (3) (4) _(5)
NOTES:
1) Values‘in columns (2) and (3) above have been obtained from
- .. Reference 7. ' : '
2) Values in column (4) above were derived by‘multiplying values
- from Reference 7 by the AP factor of 0.71 for downward loads
and 0.89 for upward loads. The P factors are obtained from
Reference 8. - ' ' ' ' ' S
3) The .85 factor (Column (5)) .is the correlation factor of
reference plant 2-D results and 3-D results ‘and is used for
the downward load phase only. : o ‘
._ 4) (-) used for column compression load

(+) used for column tension load

nutech
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6.0 ANALYSIS
Analyses have béen.performed to determine the effect of the

added reinforcement on the Code allowable capacities of the

" inside column and pin connection.

Sections 6.1 and 6.2 discuss the methdds and results of the

calculations. The results are summarized in Section 7 of

" this report in Table 7.0-1.

61 ~ nutech
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6.1 Code Allowable Column Load

The code allowable column loads are computed using the rules of
Subsection NF of Section III of the ASME Code, 1974 edition.
Paragraph NE-3300 '"Design of Class_Z and Class MC Component

Supports” refers to paragraph NF-3230 for 1inear.tYpe'supports,

"such as the columns for the Dresden tdfus'support. Paragraph

NF-3230 makes a distinction between stresses resulting from

~the application of mechanical loads'and the effects resulting

from constraint of free end displacements. (i.e. Subsection

NF recognizes.the difference between primary and secondarf

stresses as 1s done in the other subsections of Section III

for pressure vessels).

It is clear from an inspection of the torus support'strutture

that there are secondary stresses imposed in the columns as’

~a result of constraint of free end displacements. The con-

clusion that the stresses resulting from the constraint of

free end displacements are indeed secondary stresses is.sub-
stantiated by the fact that the imposed displacements and
rotatiohé at the top of the columns are‘self—limiting in nature
and that the stability df_the structure (torus and torus
support structufe) is nof dependent upon the bending stiffness

of the columns. The sketches below serve to illustrate the

above statements.

‘hutech
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X-bracing in all
bays to provide
stability for
horizontal loads
(i.e., horizontal
seismic) :

YA

B e

Figure 6.1-1 - Elevation section of torus and torus support
- columns. Moment transferring connection at
top of columns and pin.connection at’ base.

Figure 6.1-2 - Exaggerated Elastic Deformation of Torus'

Cross Section

The.eiastic deformation shoWn above in Figufe 6;1-2Vr¢5u1£s in‘
é-displacement of the top of the columns relative,to_thé base
of the column and a rotation at the top'of the column. These"
displacements and rotations at the top of-thé column are éaused
by the fbllowing conditions

ca) Initial preset of the base of the column at time -
of construction of the structure

b) Overall thermal growth of the torus.sheli due to
: changes in temperature of the shell :

c) Elastic deformation of the ring and shell due to
the imposition of mechan1cal loads on the struc-

ture.

nutechf |
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Items a), b), and c) above are all self-limiting imposed

displacements and rotations at the top of the columns. It

~is clear that the resulting bending stresses at the top of

the column are secondary stress when consideration is given
to the fact that the_structure would be stable even if the
columns were pinned at the top as well as the base. Stabil- B

ity of the structure for lateral loads is provided by the

x-bracing in each bay between outside columns. No credit

is'taken for the bending resistance of the columns in resis-

tingllateral loads.

The self-1limiting aisplécéménts and rotations at the top'bf

the column db? howgver; introduce pfimary bending momenté'alongr
the'lehgth'of the'coiumn.‘vThis.LS'a result of the féct thét’l
Curvature:is‘ihtroducéd in the ;oiuﬁn,mmRefer to Fig. 6.1-3

below.

Figure 6.1-3

Exaggerated Columﬁ'

Deformation

| nUt'ech'
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‘_From_Figure_6.l¥3 above, the following categorizétion'of

stresses can be made:

STRESSES RESULTING FROM . CATEGORY
P . , o .
, (Axial Load) Primary
cos o :
P x & (Bending along ‘ Primary
cos a, the column) '
M (Bending Moment at - Secondary
"~ Top of Column) ' : _

" Table 6.1-1

The code allowable column load is therefore a function of P,

a, §, and M. Since the magnitude of these pafaméters vary for

the different‘deéign conditions (i.e. temperatﬁre'of the tofus,

imposed mechanical ioads, etc.) fhere is no unique va1ué'for the
code éllowable coiﬁmn load..lin the calculations thaﬁ'follow,

the code combined bending-compression interacﬁion’eQUétionS

are evaluated for the curréntly defined "most probable loads"

acting on the supbressidn chamber columns at the‘time'of

pool swell.

The value of P at the time of maximum pool swell downward load is prd—

vided in Tables 5.1-1 and 5.1-2. To arrive at a value for ¢, con-

5.5 ~ nutech
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sideration has been given to items a), b), and c) above and

- a column curvature of .30 inches has been calculated from a

very conservative combination of all these effects combined in

such a way as to result in maximum column curvature. After

-detailédlplant specific analysis have been completed, a more

-accurate, less conservative value for &8, for each column, for

all design conditions, will belavailéble. "For the magnitudes
of displacements at the top of the columns for the subject

structure, cos o can be assumed to be unity.

Table 6.1-2 gives the properties of the torus support columns.
Table 6.1-3 and 6.1-4 are.tabular,calculations,for‘evaluation

of the code interaction equations for primary stresses using

loads given in Table 5.1-1 (AP=0). Tables 6.1-5 and 6.1-6

are tabular calculations for evaluation of the code interaction

equations for secondary stresses using loads given in Table

'5.1-1. Tables 6.1-7 through 6.1-10 are identical to Tables

6.1-3 through 6.1-6 except the loads from Table 5.1-2 (AP=1.0)

~ are use.

Pfelim@nary plant unique ring analysis indicate that the

'bending moments at the top of the columns are considerably

less than the 1000 in-kips used in Tables 6.1—5,:6.1—6, 6{1-9,

',and 6.1-10. Therefore it can be concluded that the column -

code allowable capacities will be controlled by primary

stresses, not secondary stresses.

6.6
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Fy=35 |

o - - coM-01-022
-~ TABLEGL2
COLUMN PROPERTIES
~ |COL- m{)LAREA Sx,g ) L ’r e le e tee ]
UMN| e ™ [ON%) [ (1IN®)] X-X Y-i (N) [X-x [y-y |“mx | T |Fex | Fex |
winl ] [AXIS]AX AXIS |AXI (s (ks | ks
DRESDEN] AG3E 1 B o |
INSIDE [sA-106B| S6.19 [10544( 3.18 | 295[111.70|35.14 [31.88 | 0.60| 18.80] 11 | 23.10

a0 6]

eile]|

[1]

_ ’_l - éKQ/Y)Z]FY

© WHERE: LT 202

E =
IR UTY S (30

12T
R,

" —INSIDE COLUMN

>

3 X '
A SECTIONA-A

co=|

2 W2ET 2

FY ..l“

E =27.9%10°Ks|

 Fp=ObbFy
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- JABLE®G.I-3 (AP=O)_ :

EVALUATION OF EQUATION (19) OF APPENDIX XYIT

~ OF ASME SECTION TIL FOR PRIMARY STRESSES

‘Fa me TCbx |

—_— e ————— £ |.O
- Fa (|-§‘-,‘-)Fbx - ’

éx

fo | fux .ﬂ/F Crxfox | Ta +Cm#¥bx 1

(ko) | esty |0 (- 2)Fuc | Fa (if%)Fb,
COLUMN — S o SN
i (% 5,‘(/?/ @/ U‘ﬂ@ @+@
7B T T (.,@)[13] B
DRESDEN | - |
_ INSIDE 15.98 2.50 0.85 - 0.08 | 0.9%41.0
| COLUMN (5EE NOTEZ)r . _ ' - ,

ole|eole| e |

 NOTES: | |
. () - VALUES FROM CORRESPONDING COLUMN IN TABLE 5.1-1.

[ 1- VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-2.

(O - VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-3.

2. § =030 | o - |

nutech



TABLEG.LA (o))

* EVALUATION OF EQUATION (20) OF APPENDIX XYL
~ OF ASME SECTION TII FOR PRIMARY STRESSES

| ¥a‘+ﬁ;'-- ®+'@'
COLUMN | 0,Sy " F,./ 0612] [12]

. DRESDEN - ~
INSI\DE 0.87 < \.0
COLUMN . N
’| . . . A m
NOTES:

(O — VALUES FROM CORRESPONDING COLUMN IN TABLE G.1-3
~ []- VALUES FROM CORRESPONDING COLUMN IN TABLE @.1-2

%9 nputech
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TABLE 6.1-5 (ap-0)
EVALUATION OF EQUATION (19) OF APPENDIX. XVIT
OF ASME SECTION TIT FOR SECONDARY STRESSES

RN N 4 Omx (f£x+ff,x)

P
3Fa ("’ f%—) 3F bx
ex

1.0

WHERE: | . |
~ }, DENOTES PRIMARY STRESSES
f7 DENOTES SECONARY STRESSES

fo | @ @A)

COLUMN | ‘
| My /a3 ( |- %)3 (3]
DRESDEN ' :
INSDE | 948 | 0.28+0.12 = 0.40 <1.0
COLUMN - ' - ‘

A A A

- NOTE:  FROM PRELIMINARY 2-D RING ANALYSES OF THE
'DRESDEN TORUS SUPPORT SYSTEM WITHOUT AP THE.
MOMENT AT THE TOP OF THE COLUMN M? IS SHOWN
T0 BE CONSIDERABLY LESS THAN 1000 IN-KIPS. =
~ THEREFORE, 1000 IN-KIPS WILL BE USED HERE FOR
A CONSERVATIVE CHECK ON SECONDARY STRESSES,

O - VALUES FROM CORRESPONDING COLUMN INTABLE. 6.1-3.

[ ] - VALUES FROM CORRESPONDING COLUMN IN TABLE (.1 - 2.
/N ~ VALUES FROM CORRESPONDING COLUMN [N TABLE 6.1-5.

.nute.ch" |
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TABLEG.-6 (s0-0)

EVALUATION OF EQUATION (20) OF APPENDIX XUII

OF ASME SECTION TIT FOR SECONDARY STRESSES

§+§ +ﬂQf§;qO.
30650 3R,

© WHERE: | S
. f; DENOTES PRIMARY STRESSES

* f; DENOTES SECONDARY STRESSES

COUMN | ————-—————"@~'+ ® A
82 3 i3]
. DRESDEN | | -
INSIDE 0.25+0.17 =42 < {.0
. COLUMN | |
| 2
NOTES;

O - VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-3.
~ [J - VALUES FROM CORRESPONDING COLUMN IN TABLE &.1-2.
- /\ - VALUES FROM CORRESPONDING COLUMN IN TABLE 6. 1-5.

nutech



 COM-01- 022 _v'-'

TABLE C, l 7 (AP < 10 pst)

" EVALUATION OF EQUATION (19) OF APPENDIX XVIT
OF ASME SECTION TIL FOR PRIMARY STRESSES

'Fa ' meﬂ:x Z ‘O

Fa (_i‘.‘_)Fbx .
Fox .

f ‘cbx | ﬂ/F Coxfox 'Fa meﬂ:x
| - (kSt) (Ksy) o (l-g{_l)ﬁ,x Fa (| fa)Fb, |
COLUMN ‘ SR o]e"
| B 5"(/5[)/ L | |
B W T (,_[%)[,3] , @@
R DE”ESDEM- S . _ .
INSIDE | 12.65 2.02 | 0.67 0.06 0.73 < 1.0
COLUMN | (seE NotE 2) : o '
0|l |e| 6 | e

NOTES:

. ()~ VALUES FROM CORRESPONDING COLUMN IN TABLE 5.1-2.
[ J- VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-2.

(O - VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-7.
2. § =0.30"

612 nutech
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 TABLEG.I-8 (aP-10PsD)

* EVALUATION OF EQUATION (20) OF APPENDIX XUIL

OF ASME SECTION TIT FOR PRIMARY STRESSES

o fo + f1, @D 4 ®
COLUMN | 06Sy ~ Fp,/ 06l2] D3]

DRESDEN o
INSIDE 0.62 <£1.0
~ COLUMN ' .
| 2
~ NOTES:

(O - VALUES FROM CORRESPONDING COLUMN IN TABLE 6. 1-7.

[ ] - VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-2.

nutech
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TABLE b.1-0 (ap=roPs)

EVALUATION OF EQUATION (10) OF APPENDIX XVIT
OF ASME SECTION TIT FOR SECONDARY STRESSES

| fap’*' fas + me (fbx+‘fbx)
3R -Ky R,

|.o

ex

CWHMERE: 3 |
f, DENOTES PRIMARY STRESSES

£ DENOTES SECONARY STRESSES

o @_, [9(@+4)

COLUMN | _

| Me/g| 300 (1- %%[)3[3] :
DRESDEN | o i

INSIDE 948 . 0.22+0.01=2033<1.0
COLUMN : '

—

AN

~ NOTE:

FROM PRELIMINARY 2-D RING ANALYSES OF THE

- DRESDEN TORUS SUPPORT SYSTEM WITHOUT AP THE

MOMENT AT THE TOP OF THE COLUMN M? 1S SHOWN

~ TO BE CONSIDERABLY LESS THAN 1000 IN-KIPS.
- THEREFORE, 1000 IN-KIPS WILL BE USED HERE FOR

A CONSERVATIVE CHECK ON SECONDARY STRESSES.

O - VALUES FROM CORRESPONDING COLUMN INTABLE &.1-7.
[ ] - VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-2.
/\ - VALUES FROM CORRESPONDING COLUMN IN TABLE. 6.1-9.

~ hutech
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TABLE 6.- |o éAP ww)

EVALUATION OF EQUATION (20) OF APPENDIX XII f
OF ASME SECTION TIL FOR SECONDARY STRESSES -
R RLRS
30065  3F,

<10
WHERE: | | o
- F; DENOTES PRIMARY STRESSES

£ DENOTES SECONDARY STRESSES

oL @ , @ éﬁ
LM 18 [2] 3 [13]
'DRESDEN | o
INSIDE. . 0.20+0.17=0.31 <«I.0
- (OLUMN . :
| 2
~ NOTES:

O - VALUES FROM CORRESPONDING COLUMN IN TABLE 6.)-1.
[ - VALUES FROM CORRESPONDING COLUMN IN TABLE 6,.1-2.
/\ - VALUES FROM CORRESPONDING COLUMN IN TABLE 6.1-9.
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6.2 Pin Connection Capacities

The code allowable load for the pin connections.at the baée

of the inside columns is computed by checking bearing stresses
on the pin clevis and réinfofcing saddles, shear in the pin;
and fbr the upward load capacities, tension and shear in the
iigamehts of the clevis. The results are summarized in Table

6.2-1.

6. 16 o ~ nutech



Table 6.2-

1

PIN/CLEVIS CODE ALLOWABLE LOADS

ITEM

CODE ALLOWABLE

LOAD (kips). ~ REMARKS
‘ . Controlled
[44]
@2 Pin 1321 by bearing
< I
; o -
'SE,; Clevis 987 Control}ed
A9 - by bearing
m Pin “N/A
85
<q Ay
=
52 - |
S | Clevis 159 Cg;tgﬁiiid

.17

COM-01-022
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7.0 SUMMARY

Table 7.0-1 provides a summary of the net loads, upward andv
downward, acting on the inside column and pin connection. Also
the pércent of code allowable load which these loads represeﬁt
is given. For the columns, the percent of code.allowable

ioad is taken as thevmaximum result for the various interaction

education evaluations. The values of load and percent of code

allowable are given for AP=0 and AP=1.0 psi.

.. nutech
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Table 7.0-1
~ LOAD AND CODE CAPACITY SUMMARY
' | L PERCENT OF CODE
. TOTAL LOAD (kips) | 4|1 GWABLE LOAD
ITEM |
AP=0 AP=1 psi | AP=0 | aP=1
| DRESDEN »

iy | INSIDE -898 =711 939 73%

@g COLUMN

<t

=M

z

=

Q<

A3 | DRESDEN - | '
INSIDE -898 711 91% 72%
PIN/LUG
DRESDEN. - o

w | INSIDE +160 +122 <504 <50%

~%2 | COLUMN - - ~

1 Aan) )

< A

=

[aFRyen]

< '

S | DRESDEN '
INSIDE | +160 +122 1008 | 773
PIN/LUG

- hutech
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REFERENCES

Specification for Containment Vessels, Dresden Units 2
and 3, Sargent & Lundy Engineers, Chicago, I11.

ASME Boiler and Pressure Vessei Code, Section III, Rules
for Construction of Nuclear Vessels, 1965 Edition.

Primary Containment ASME Section III Stress Report for
- Dresden Units 2 § 3, Chicago Bridge & Iron Co., Oakbrook,
ITI. _ _ :

Specification for the Design, Fabrication and Erection
of Structural Steel for Buildings, American Instltute
of Steel Construction, 1965 Edltlon

Letter, R. S. Vij (GE) to Bechtel Power Corporétion,
‘dated Jan. 14, 1976, subject: Torus Pressure Loads,
Downward Phase LOCA. -

| Letter, R. S Vij (GE) to Bechtel Power Corporation;
dated Jan. 15, 1976, subject: Torus Pressure Loads,
. Upwards Phase. ‘ - :

‘Bechtel tables provided to NRC at February 19 and 20,
1976, meeting in San Franc1sco California.

Curves titled, "Sensitivity of Maximum Upward Pressure
Load to Drywell Overpressure' and 'Sensitivity of Maximum
Downward Pressure Load to Drywell Overpressure', provided
as handouts at March 3, 1976 meeting of ACRS Subcommittee
in Washington D.C. '

5.1 - nutech



Appendix A |

MODIFICATION DRAWINGS

COM-01-022

nutech



|
|

| . .
QUANTITY |-PIECE | negrpiprion LENGTH ] \MATERIAL
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Specification: ‘Material Spﬁcification MS-SA-515-70

Description: Specification for Carbon Steel Pldte for
Pressure Vessels for Intermedlate and Higher
Temperature Service

1

This page is a record of all revisions of the specification.
Each time the specification 1s changed, only the new or re-.

vised pages are issued..

REVISION - DATE- -  BY - PAGES REMARKS -

0 . 2/12/76  GRE 1,2 ‘Initial Issue -

nutech



INFORMATION AND GENLERAL REQUIREMENTS

1.1 SCOPE: This specification constitutes -the require-
ments of NUTECH, for plate materyial to be used-to
reinforce existing Mark I Containment Suppression
Chamber, Torus Support Column Pin Connections.

TECHNICAL REQUIREMENTS

2.1 Plate material shall conform to. ASME SA 515 Grade
70 as.given in the ASME Boiler and Pressure Vessel
Code, Section II, '"Material Specifications - Part A -
Ferrous'", 1974 Edition, with Addenda up to and in-
cluding Summer 1975 Addenda (hereafter referred to.
as the Material Code). - .

2.2 All tests and inspections required by Material
Code SA 515 and SA 20 shall be performed. Mech- .
- anical tests required by Material Code SA 515 and
SA 20 shall be performed in accordance with SA 20.
2.3 Notch toughﬁess testing 1is not'reqﬁiréd.

IDENTIFICATION AND CERTIFICATION -

3.1 Material identification and marking shall be in
accordance with Material Code SA 20. As a minimunm,
the following permanent markings are required and
shall be legibly die stamped on each plate using

- blunt-nose-continuous or blunt-nose-interrupted-
~ dot-die stamps having a minimum radius of 1/32 inch.

Manufacturer's Name or Brand

Specification Number and Grade

Heat Number

Any additional marking required to fac111taue
traceability-of all tests and examination per-
formed. - : : .

anoe

3.2 Material certification and reports shall be in
accordance with Material Code SA 20 paragraph 19.
The Materials Manufacturer's Certified Materials
Test Report shall include certified reports of the
actual results of all required chemical analyses,
mechanical tests (tensiles, flattening and hydro-
static tests), examinations (including NDE operator's
name and SNT-TC-1A rating and NDE procedures with
acceptance standards) and any other tests as well as
a statement listing any heat treatments (including
times and temperatures) that have been performed.

+  nutech



3.

4

When permitted by his Quality System Program, the
Material Supplier shall provide a Certified Mat-
erials Tests Report for thoseoperations performed
by him or by his subcontractor. (This paragraph
not applicable to plate manufacturer). :

Three (3) legible copies of the Certified Materials
Test Report shall be sent at the time the materials
are shipped. The Certified Materials Test Report
shall be sent to: ‘ :

Commonwéélth'EdiSoh Co.
P. 0. Box 767 '
Chicago, IL 60696

Attn: Cofdell Reed



Issued by: - N ‘/S/j '"_.‘ Date '7Z7{3'7Z

CONTROLLED COPY NO. - o o February 1976
| o COM-01-010

MATERTAL SPECIFICATION
 MS-SA-106- E' | |
" SPECTFICATION FOR SEAMLESS CARBON. STEEL PIPE
. FOR HIGH TEMPERATURE SERVICE |

Prepared for:

Commonwealth Edisoh'Co.

. ‘Prepared by: é) Z @ﬂw | - _'; :;:D;a‘te' '- Z/f?/ 79

G R Edwards

Approved by:

| Date'“éz 74

N. W. Edwards

R. E. Keever
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Specification: ~Material Specification-MS-SA-106—B'

Description: Seamless Carbon Steel Pipe'for High
Temperature Service '

- This page is a record of all revisions of the specification.

Each time the specification is changed, only the new or
revised pages are issued. . : T ‘

PAGE REMARKS =

 REVISION .  DATE BY PAGE-
0 2/12/76  GRE . 1,2 Initial Issue
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INFORMATION AND GENERAL REQUIREMENTS

1.1 SCOPE: This specification constitutes the require-
ments of NUTECH, for pipe material to be used to re-
inforce existing Mark I Contalnment, Suppression
Chamber Torus Support Columns. :

TECHNICAL REQUIRENEVTS

2.1 Plpe material shall conform to ASME SA 106 Grade B
~as given in the ASME Boiler and Pressure Vessel. :
Code, Section II, "Material Specifications - Part A -
Ferrous'™, ‘1974 Edltlon ,> with Addenda up to and in-
cluding Summer 1975 Addenda (hereafter referred to -
as the Material ‘Code). S » >

2.2 All tests and inspections requlred by Materlal o
~Code SA 106 and SA 530 shall be performed. Mech-

. anical tests required by Material Code SA 106 and.
~SA 530 shall be. performed in accordance w1th SA 370.

_2.3 Dlmen51ons shall comply w1th ANSI B36 10-1970

’2.4.IP1pe shall be hot flnlshed and need not be heat -

treated

2.5 Hydrostatic tests are not required.

2.6 ‘Notch toughness testing is not required.

IDENTIFICATION AND CERTIFICATION

3.1 .Materlal 1dent1f1cat10n and marking shall be in
" accordance with Material Code SA-106 paragraph
21 and SA 530 paragraph . 20. As a minimum, the
~following permanent markings are required and
shall be legibly die stamped on each pipe using
~blunt-nose-continuous or blunt-nose-interrupted-
dot-die stamps having a minimum radius of 1/32 inch.

Manufacturer's Name or Brand.

Specification Number and Grade

Heat Number

Hot Finished

Seamless .

Schedule Number '

Any additional marking required to- fac111tate
traceablllty of all tests and examination per-
formed

QO OO
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3.

Material certification and reports shall be in
accordance with Material Code SA 530 paragraph 19.
The Materials Manufacturer's Certified Materials
Test Report shall include certified reports of the
actual results of all required chemical analyses,
mechanical tests (tensiles, flattening and hydro- -
static tests), examinations (including NDE operator's
name and SNT-TC-1A rating and NDE procedures with
acceptance standards) and any other tests as well as
a statement listing any heat treatments (including
tlmes and temperatures) that have been performed

v.When permitted by his Quallty System Program, the 13_
Material Supplier shall provide a Certified o
- Materials Tests Report for those operations per- -

formed by him or by his subcontractor. (This. .
paragraph not applicable to pipe:manufaqturer)___

;Three-(S)'legible copies of the Certified Materieis"
"Test Report shall be sent at the time the materials . -

are shipped. The Certified Materlals Test Report L

'j.shall be shlpped to

bommonwealth Edlson Co.i
- P. 0. Box 767 .
Chicago, IL 60696

Attn: Cordell Reed

nutech .



Appendix C

SAFETY EVALUATION |

Per

10CFR50.59

COM-01-022

nutech |



10CFR50.59 FORMAT FOR SAFETY EVALUATION

STATION Dresden - | UNITS 2 and 3
SYSTEM Primary Containment MODIFICATION No. |
EQUIPMENT NAME Torus Support Columns

EQUIPMENT No. '

~DESCRIPTION OF MODIFICATION:

Reinforcement of inside torus support (pipe) columns and pin connec-

tion at the base of the inside columns. See Nutech Report COM-01-022
for detailed description. Appendix A to that report contalns design

. .drawings for this modification.

SAFETY EVALUATION: Answer the follow1ng questions with a ”yes" or '"no'",
and provide spec1f1c reasons justifying the dec151on -

1. Is the probablllty,of an occurrence or the-consequence of an

accident, or malfunction of equipment important to safety as )
prev1ously evaluated. in the Final Safety Analysis Report increased?
Yes X No, Because: :

The modification provides a marked increase in the structural
~capacity of the ‘torus support system and, therefore, additional
margin for load associated with the de51gn basis LOCA previously -
evaluated in the FSAR. Furthermore, as shown in Table 7.0-1 of
report COM-1-022 the modified columns and pin connections accom-
" modate pool shell dynamic loads (as currently defined by the
Mark I Short Term Program) within Code allowables.

2. Is the p0551b111ty for an accident or malfunction of a dlfferent
type than any previously evaluated in the Final Safety Analysis
.Report created? Yes X No, Because: :

This modification to strengthen-a passive structural component
has no potential for creation of a new accident. The behavior of
the containment structure as effected by this modification has
- been investigated and no potential for malfunction of the
'containment as a result of the modification has been identified.

3. Is the margin of safety, as defined in the basis  for any Techn1ca1
Spec1f1cat10n, reduced? Yes X No, Because:

Torus supports are not the subject of a technical speciflcatibn;
No technical spec1f1cat10n will change as a result of this
modlflcatlon : '
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