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Vermont Yankee Event Report No. 97-0307, dated 3/13/97, TONS Shell Corrosion [Evaluation Did Not 
Consider Design Pressure]. (Included as Attachment F to this calculation.) 
ASME Section 111 Nuclear Vessels, 1965 (with Winter 1965 Addenda) and ASME Section VIII, Unfired 
Pressure Vessels, 1965. 
Design specification for Vermont Yankee Reactor Contafnment, No. 22A1265, Revision No. 1, by 
General Electric Nuclear Energy Division. 
Purchase Specification for Vermont Yankee Drywell and Suppression Chamber Containment 
Vessels, No. 21A5837, Revision No. 3, by General Electric Nuclear Energy Division. 
Certified Stress Report. Vernon - tl, Vermont Yankee Proiect Containment Vessel, No. 9- 
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6202-11, Octobef29.1968, by Chicago Bridge & Iron -Oak Brook Engineering. 
NUREG-0661, Supplement 1, Mark 1 Containment Long Term Program, August 1992. 
ASME XI, Subsection IWE, Requirements for Class MC and Metallic Liners of Class CC 
Components of Light-Water Cooled Plants, 1992 Edition with 1992 Addenda. 
Chlcago Bridge &Iron Drawings for Vermont Yankee: 
No. 6202-001 ,Rev.l ,Pressure Suppression Containment Vessel Arrangement & Field Assembly. 
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I No. 6202-200, Rev.0, Suppression Chamber - General Arrangement & Field Assembly. 
1 Stress Concentration Factors, by R.E.Peterson , published by John Wlley &Sons, New Yo&. 9 

Copyright 1974. 
Vermont Yankee Drawing No. GI91175 Sh.1/2, Revision 61, 'Flow Diagram Primary Containment 
& Atmospheric Control System". 
Vermont Yankee ASME Section XI, Subsection IW E, Report on Evaluation of 1998 TONS 
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VYC -1032, Revision 1 

This calculation is revised in entirety. All applicable pages from Revision 0 have been retained 
and renumbered as required. 

INTRODUCTION & REASON FOR REVISION 

VY Event Report 97-0307 was written to identify that Revision 0 of this calculation did not 
consider the American Society of Mechanical Engineers (ASME) code design pressure for the 
containment. Revision 0 was based on the maximum sustained pressure from the design 
basis accident, not the ASME code design pressure. 

The Torus was modified under the Mark I Torus Containment Program for hydrodynamic 
forces associated with the design basis accident (D8A). The maximum DBA containment 
pressure is 44. Psi. which is less than the ASME code design pressure of 56 Psi. 

The Teledyne Engineering Services PES) analyses of record for the Mark I program used full 
wall thickness properties. Attachments'A to E of this calculation were developed by TES to 
calculate margins in the Mark I analyses and to determine minimum shell and vent header 
piping thickness requirements for the Mark I program loads. This work was performed by TES 
under Yankee Atomic Electric Co. (YAEC) P.O. QA41434. The resulting documents were 
assembled and given a VYC number (VYC-1032, Rev.0) for inclusion into the YAEC document 
control system (DCC). The TES calculations and appropriate engineering reviews were 
performed under the TES Quality Assurance program with subsequent reviews performed by 
the YAEC VY Project - Mechanical Engineering Group in accordance with the requirements of 
YAEC Engineering Instruction WE-103. YAEC comments on the original issues of 
Attachments A to 0 were satisfactorily incorporated into the TES reports and calculations. 

TES demonstrated significant margin for corrosion exists on the Torus external shell for the 
Mark ! Program Loads and accident pressures. However, the general external shell stress 
conditions under the 56 psi. design pressure are much higher than shell stresses under the 
Mark I Program loads. 

VY Commitment Item No. ER970307-01 requires that the thickness of the Torus bottom plate 
sections and geometries of concern be programmatically determined and based on the 
results, that VYC-1032 Revision 0 be revised as appropriate. This revision addresses the 56 
psi. design vs. the 44 psi. maximum accident pressure and the continued applicability of the 
JES developed methodology and criteria. 

CALCULATION 08 JECTlVE 

'The objective of this calculation is to address the effects of the 56 Psi. ASME code design 
i pressure vs. using the maximum accident pressure of 44 Psi. in developing the Torus shell 
and vent system thickness requirements. 
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DESIGN CRITERIA / ANALYSIS INPUTS 

The Vermont Yankee Torus is Safety Class 2 (Reference IO, Dwg, GI91 175 Sh.1/2) 

The original construction code for the Torus and containment was for a type 6 vessel in 
accordance with ASME Section 111, 1965 edition with Addenda to Winter of 1965 (References 
3, 4, & 5). Paragraph N-i 11 1 in this edition of Section I l l  specifies the rules of Division 1 of 
Section Vlll (with exceptions) shall apply to the design, fabrication, inspection, testing, and 
xrtification of Class B vessels, 

41so Paragraph N-l314(a) requires that the requirements of Paragraphs N-414.1 to N-414.4 
3 8  met for the stress values specified in Paragraph N-l314(b). The stress intensity values 
:Sm) used are the allowable stress values at design temperature as tabulated in Division I of 
Section V111. 

The Torus was subsequently modified under NUREG-0661 requirements with design in 
wcordance with selected requirements of ASME Section 111, Subsections NC, NE, and NF, 
1977 Edition with the Summer Addenda. 

The internal design pressure is 56. Psi., and the external design pressure is 2 Psi., 
*eferences(3, 5, & 8). 

?er reference 8, the Torus bottom is constructed of SA516 Gr.70 (FBX to A300) steel plate. 
The plates have specified minimum tensile strength of 70,000 Psi. and a minimum yield 
strength of 38,000 Psi. The welds are 300% radiographed. Per reference 5, the allowable 
stress value (and allowable stress intensity) at design temperature (281 F) is 17,500. Psi. 
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ASSUMPTIONS 

I, 100 full DBA cycles ( from negative 2 Psi. to the design pressure of 56.0 Psi.) will be used 
to evaluate peak stresses. This includes Type A containment pressure tests and should 
envelope the initial pressure test. 100 cycles would represent approximately 2.5 tests per 
year over the 40 year life of the pfant. The evaluation for pits and surface defects in the 
calculation section of this calculation demonstrates that there is significant margin in both 
the number of afternating stress cycles and in the magnitude of the alternating stresses 
evaluated. The assumption is valid and sufficient for the purposes of this calculation. 

METHOD OF SOLUTION 

To address the differences in internal pressure as defined in Vermont Yankee Event Report 
Vo. 97-0307 the following was performed. 

Determine the differences in the ASME code design requirements, acceptance criteria, and 
the loads used (design pressure, etc.) between the original design report reference(5) and 
the TES Mark I program evaluations contained in Revision 0 to this calculation. 

Develop acceptance criteria for general wall loss due to corrosion and/or wear based on 
the original design code requirements, primarily the 56. Psi design pressure. 

Perform a generic evaluation of pitting and surface effects and develop methods for 
evaluation of localized wall loss below the general wall loss criteria. The methods will be 
based on the 56. Psi design pressure and are to be in conformance with the original design 
code and accepted engineering practice. 

Determine if the TES methodology for evatuation of localized wall loss from i?ekrmm 0 of 
this calculation can be modified to reflect differences in internal pressure and code 
requirements between the original design and the Mark I program. If so, convert the T i 3  
methodology for evaluation of focalized wall loss for the Torus external shell such that it is 
in conformance with the original design code and design pressures. 

reulSIon ?& \I Ib 

Assess the calculations from the original design report, reference(5), and the TES 
evaluations in 

pressures. ~eu\510n 

0 of this calculation for the vent pipes, vent header, and the 
and conformance with the original design code and design 
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CALCULATION 

The ASME code minimum wall thickness of the Torus bottom plates was calculated by 
Chicago Bridge and Iron (CB&t) in reference(5), page 2C-3. Calculations for the Torus bottom 
plate thickness include the hydrostatic head of approximately 12.9 Ft. of water. This results in 
a maximum internal pressure of 62, Psi. at the bottom centerline. 

From reference(5), page 2C-3, the code minimum wall thickness is 0.584 inches at the bottom 
centerline, and 0.533 inches above the water surface. 

These minimum wall thickness values are the thickness values shown on the design drawings, 
reference(8). No allowance for corrosion was included. The plates for the Torus bottom half 
are specified as 0.584 inches thick with 0.00 inches for a corrosion allowance. 

From ASME Vlll 1965 Paragraph UG-l6{c), the permissible mill under-tolerance for the 
exterior shell plates to allow for use of the full design pressure is the smaller of 0.01 inch or 6 
percent of the ordered thickness. This results in a minimum acceptable wall thickness at the 
bottom center of 0.574". Likewise for the top half plates, the specified thickness is 0.533 
inches resulting in a minimum acceptable thickness of 0.523 inches above the water line. 

The top plates are sized for a constant pressure of 56 Psi. above the water line. The bottom 
plates are sized for the constant design pressure of 56 Psi. plus the hydrostatic pressure at 
the bottom centerline. At elevations between the water surface and the bottom, the maximum 
pressure varies with the height of water above the location. 

Using the same design equations as reference(5) page 2C-3 and accounting for the variation 
in pressure with height of water, the code minimum wall thickness for locations on the shell 
between bottom dead center and the water surface can be determined as shown on the next 
pages. 
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CALCULATlON 

Internal Pressure 

Code Minimum Wall Thickness (ASME V111 1965,UG-27) 
T min = PR 

SE-.GP 
Reference 5, Page 2C-3 

S = 17,500. Psi. 
R = 13’=10” = 166” 

General Shell Thickness 

Note: Figures 6 & 7 in Attachment A to this Calculation are NO LONGER VALID. 
Use this Table for General Shell Thickness Limits. 

S = Arc Distance from Torus Bottom C.L. 
ACCEPTANCE CRITERIA is CODE MIN. WALL less plate mill under tolerance = 0.01” 

* Note on Code min. wall: Reference 5, CB81 report shows 0.584“ for bottom center required minimum wall 
vs. 0.585“ from table above. Calculations by CB&l were performed in 1967 using slide rule accuracy. 
The code provisions were also developed during that time frame considering typical hand calculation 
accuracy. The 0.584 and 0.585 numbers are essentially the same for design purposes. 

USE THE MINIMUM WALL THICKNESS CALCULATE0 8 Y  CB&I FOR EVALUATION OF THE 
TORUS SHELL. 

T min at bottom center = 0.584,  Acceptance Criteria = .584”- .01” = 0.574” 

T min above water line = 0.533”, Acceptance Criteria = .533”- .01” = 0.523” 
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CALCULATION - continued 

TORUS SHELL - LOCALIZED THINNING 

The methodology for evaluation of localized thinning performed by TES in Attachments A to € 
(as documented in Revision 0 of this calculation) is based on detailed structural analyses 
using finite element codes and the more complex Mark I loads. The technical adequacy of 
their methodology is not in question. However, the maximum pressures used and the 
differences the associated allowable stresses preclude direct,use of the TES methodology and 
results. The TES Methodology may be applicable with some modifications. This will be 
investigated below. 

Using the original design code (ASME Ill 1965), local areas of thinning and/or pitting can be 
evaluated using the as found geometry and evaluating the thinned area as a local structural 
discontinuity. The requirements of ASME 111 Paragraphs N-414.1 to N-414.4 are to be met for 
the stress values specified in Paragraph N-l314{b). The stress intensity values (Sm) used are 
the allowable stress values at design temperature as tabulated in Division I of Section VI11. 

Also using guidance from ASME Vlll Paragraph UG-36 "Openings and Reinforcements", 
UG-36(3)(a): Single openings in vessels not subject to rapid pressure fluctuations do not 
require reinforcement if they are 2 inches in diameter or less for shell thickness more than 3/8 
inches. 

Given the infinite variations in area and thickness of possible corroded geometries. A limited 
number of approximate thinned wall geometry's will be evaluated. These will serve as generic 
examples and should suffice to bound the majority of situations encountered during future 
inspections. 

First, a lower threshold to be used as a screening criteria (acceptable size and area of wall 
loss without further evaluation) for use by the inspection personnel will be developed (a.k.a. 
"Pre-Evaluated Criteria"). This will apply primarily to minor pitting and surface effects. 

Second, a simplified method for evaluation of relatively smallareas with localized wall of less 
than about 20 percent of nominal wall, with smooth transitions back to full wall thickness will 
be developed. 

. - .  

Third, the applicability of the TES methodology with some modifications to reflect the 56 Psi. 
design pressure and differences in allowable stresses used in different years of the ASME 
code will be presented. 

And Fourth: Any rational engineering analysis which can accurately calculate membrane and 
bending stresses in the Torus shelt at the location of wall loss for comparison with the ASME 
code allowable stress intensities is acceptable. Possible methods include but are not limited 
to a specific finite element analysis of the corroded geometry, a tailored application of the TES 
generic stress calculations contained in Attachment B of this calculation, and comparison to 
previous analyses. 
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CALCULATION - continued TORUS SHELL - LOCALIZED THINNING 

SMALL PITS & SURFACE DEFECTS 

Small shallow pits and gouges are surface effects, and if there is sufficient space between 
them they will not effect the membrane stress in the shell at the pit location. The surface 
stresses from small pits are treated as peak stresses in the ASME code. Peak stresses are 
evaluated for cycljc loading {fatigue). Using a stress concentration factor for a through wall 
indication (hole), the Torus shell was evaluated for cyclic loading for 100 stress cycles. If the 
actual stress concentration factor is higher than the 3.0 used, then there is sufficient margin to 
Sa (=200,000. Psi). Alternately, since the use of 100 cycles is assumed, the allowable number 
of cycles based on the 3.0 stress concentration factor can be determined using Figure 
N415(A) in ASME 111. For an alternating stress of approx. 54,500. Psi., the allowable number 
of alternating stress cycles is approximately 3,500 cycles. 

For inspection and evaluation purooses. the followinu criteridcruidelines will be used. 

$ 

- PITS v 
I 

A pit will be defined as a single small area of corrosion less than ?h (0.50) inch in diameter. 
Larger size areas of corrosion will be identified as a local area. 

Isolated pits will be defined as those with center to center spacing greater than 3 times the 
diameter of the larger size pit. (Based on effect on Kt as shown in Figures 27,45, and 105 of 
reference 9.) For inspections: 

All areas of coating degradation and areas of surface pitting with pit sizes less than 1/8 (.125) 
inch diameter and depth less than 1/16 (.0625) inch depth. [solated pits are acceptable 
w u r t h e r  evaluation. c.c- \ 

m f  coating degradation and areas of surface pitting with pit sizes great than 1/8 (.125) 
inch diameter and /or depth more than 1/16 (-0625) inch depth shall be mapped out and 
forwarded to the responsible engineer for disposition. 

*I / 

\ - 

Isolated pits are acceptable without further evaluation based on the calculations on the 

Groups of pits in close proximity must be assessed to determine if the area of wall loss 
taken in aggregate is significant enough to equate to a single large area of wall loss. 

W previous pages. 
3 

Engineering shall evaluate the condition with respect to augmented inspection 
requirements of ASME XI Subsection IWE. 
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CALCULATION - continued TORUS SHELL - LOCALIZED THINNING 

SMALL PITS & SURFACE DEFECTS -continued 

A gouge is it loss of base metal caused by impact with a foreign object. 

Identify and note on inspection report any surface gouges with length less than M inch and 
depth less than 1/16 (.0625) inch depth. These are acceptable without further evaluation. 

Identify and locate all surface gouges with length more than % (0.50) inch andlor depth more 
than 1/16 (.0625) inch depth. Map out length, depth, and orientation. Forward to the 
responsible engineer for disposition. 

ARC STRIKES 

Small arc strikes shall be dispositioned using the criteria for pits or gouges above depending 
on the as-found size and shape. 
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:ALCULATION - continued TORUS SHELL - LOCALIZED THINNING 

-0CAL AREAS - Simdified >-&/A- Method 

4 simplified method to evaluate local areas of wall loss less than about 20 percent of nominal 
vall thickness {Tnom) is shown below provided that the following conditions are met: 

A. The corroded area is greater than % (0.50) inches in diameter and less than 4.93 
inches in equivalent diameter. Areas smaller than 0.50 inches in diameter are 
considered as pits. 

B. There is a smooth transition back to full wall thickness. The transition approximates a 3 
to 1 or 4 to 1 slope. 

C. There are no other local areas within a center to center spacing less than 24.6 inches. 

The transition will minimize local bending stresses in the shell due to the discontinuity. For 
:onsetvatism a factor of 1.2 will be applied to the general membrane stress intensity to 
iccount for bending. This will satisfy ASME N413.3 (PL + Pb 1.5s) 

ulethod: 

1 .) Review thickness data to confirm size, shape and proximity in accordance with A, B, 
and C above. 

2. Calculate local membrane stress intensity using lowest measured thickness Tmeas. 
And compare to 1.5s. 
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CALCULATION - continued TORUS SHELL - LOCALIZED THINNING 

LOCAL AREAS - Modification of TES Methodoloay 

The methodology for evaluation of localized thinning was developed by TES in Attachments A 
to E (as documented in Revision 0 of this calculation). It is based on detailed structural 
analyses using finite element codes and the more complex Mark I loads. The technical 
adequacy of their methodology is not in question, Only the maximum pressures used and the 
differences in allowable stresses preclude direct use of the TES methodology and results. 

The TES methodology can be conservatively modified to account for the differences in 
maximum pressures and in the allowable stresses used in different years of the ASME code. 
The TES Methodology was based on the maximum accident pressure of 44. Psi. plus a full 
spectrum of hydrodynamic loads associated with the Design Basis Accident (DBA). It is 
conservative to factor the TES acceptable thickness for a given configuration by the ratio of 
the design pressure to the maximum accident pressure (56.Psi./44.Psi. = 1.273) since the TES 
acceptable thickness accounts for the hydrodynamic loads plus the maximum pressure on the 
Torus. 

The original design report used an allowable stress intensity of 17,500. Psi., the TES analysis 
used 19,300. To equate the TES results with the original design requirements the TES 
acceptable thickness for a given configuration will be factored by the ratio of the 1977 
allowable to the 1965 allowable or (19,300./17,500. = 1.103).) 

7 
The procedure for “Permissible Local Reduction in Torus Shell Thickness for an Indication” will 
be revised to account for the differences in design pressure and allowable stress intensities as 
shown markedqmn th e on the next pages. 

The combined factor for acceptable thickness is (1.273)(1 .l03) = (1.404) 

1 

Alternatively the acceptable depth indication may be reduced by ( V1.404 = 0.712) 
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2.2 permissible Local Redubjon I n  Torus Shell Thlckness for an 
Jndicstlon 

An indlcatlon, *ich may be found upon inspection o f  the torus 
shell (Figure 4), may be acceptable f f  i t  does not meet the screening c r i -  
t e r i a  7, for required shell thickness (R < 
provided that i t  meets the local stress c r l t e r i a  o f  the Code for the par- 
t icular-location 'of concern. 

. .  
A generallzed compatlblllty analysis t o  deternine the ef fect  o f  

a cyl lndr ical  depression on a unfform stress distr lbut fon was performed for 
a large circular plate o f  constant tblckness (Reference 19). 

AVWW4M.R 
FIgure 6 fo r  the free shell and Flgure 7 f o r  the local shell 

regfons o f  the torus are based upon th ls  analysis using the necessary 
Vermont Yankee torus parameters. Therefore, I f  an indlcatlon f s  found In 
these regions which does not m e t  the minimum wall thickness requirerents 

o f  

3, the following procedure may be 
perfomd uslng the appropriate ffgure 8 or 9. 

e 4  . .  

The procedure for-us8 o f  Figures 8 and 9 fo r  an indication I n  
i t s  final-blended and as-examined state i s  as fbllows: 

1. Clrcumscribe the area o f  the lndication and measure the 
diameter ( 0 ) .  

2. Datemlne the maximum Indication depth (d). 

3. Assure that no additional Indications are found local t o  the 
clrcumscrfbed area within 24.64 inches o r  two-and-one-half- 
square-roats-of-.em-radius-times-thickness (t .e., 2.SjRt). 

4. I f  the c r i te r lon  o f  step 3 Is vlotzted, repeat the procedure 
start fng with step 1 and include any lndicatlons uhlch 
v jo late the c r i te r ion  o f  step 3 I n  the drcunscribed area. 

5. Review Ftgure 6 or 7 t o  determine the arc regfon (S) o f  the 
torus shel l  which contains the circumscribed lndfcatlons 
resulttng fnrm step 1. .. 
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:ALCULATION - continued TORUS SHELL - LOCALIZED THiNNlNG 

.OCAL AREAS - Modification of TES Methodolony 
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7. Determine the circumscribed diameter multlplier (F) from the 
table o f  Figure 8 or 9 based on the arc region (S) frocp step 
5. I f  the circumscribed lndfcations extend into other arc 
regions, use the largest multiplier (F). 

8. Deternine the equlvrlent d lawter  ( 0 ' )  uhfch circumscribes 
the indtcations: 

O ' m O x F  

Af - .  
9. ' Using D' and the  appropriate Figure 8 or 9 curve, determine 

the allowable indicatlons depth d' and compaie <t t o  the 
measured depth'd: . 

44 
d s d '  . 

Note tha t  the allowable depth (d') shall be measured based, 
on the  uncorroded nodnal shell  thickness. Adjust the 

'allowable depth (d') to  account for reduced wall thickness 
measured. Subtract th! dffference between the crtginal wall 
thickness (lo) and the neasured wall thickness ( t )  f r o m  the 
allowable depth (d') t o  obtain the adjusted d'. See 
Appendix B for sample calculatlons. 

. . . -- -. . 
. .  

. .  

. .  
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Vent Header and Downcomers - continued 

restrictive than the original CB&l calculations. 

Then: - 

remain within code stress limits. 

equate the TES results with the original design requiremen 
for the vent pipe will be factored by the ratio of the 1977 all 
(1 9,300. / 17,500. = 1.103). This will be applied to the 6’ 9’’ 
only component that forms the external containment pressu 

TES acceptable thickness 

pipe only since it is the 

design code. 

A separate engineering evaluation should be perforrne 
joints and wall loss greater than 10 percent of nominal 
and downcomers. 

wall loss adjacent to the mitre 
mainder of the vent header 
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XlNCLUSlONS 

‘YC-1032 Revision 0 was revised per VY Commitment Item 
.ddresses the effects of the 56 Psi. ASME code design pressxe 
mident pressure of 44 Psi. which was used by TES (Revisio? 
Lnd vent system thickness requirements. 

-he analyses performed by TES in Attachments A to E (as 
lalculation) are based on detailed structural analyses using fi 
:omplex Mark I loads. The TES calculations and appropriate 
ierformed under the TES Quality Assurance program with su 
he YAEC W Project - Mechanical Engineering Group in 

No. ER970307-01. This revision 
vs. using the maximum 

0) in developing the Torus shell 

dccumented in Revision 0 of this 
lite element codes and the more 
engineering rev,iews were 
mquent reviews performed by 

accordance with the requirements of 

pestion. Only the maximum pressures used and the differer 
ireclude direct use of the TES rnethodotogy and results. 

jeneral area minimum wall thickness and acceptance critericc 
were developed which are consistent with the original design 
These are summarized on page 31. 

qevision of this calculation does not affect any other existing 
:hange to the plant as described in the Final Safety Analysis 
!valuation is required. 

rhis calculation will serve as a reference for evaluation of 
letformed under ASME Section XI, Subsection IWE. The in: 
/Y Program Procedure PP7024, “Containment lnservice 

ces in allowable stresses 

for areas of localized corrosion 
Jressure and code requirements. 

JY calculations, there is no 
%port, and no 50.59 screen or 

resdts from inspections of the Torus 
pections are performed under 

1nsl;ection Program (IW E)”, 
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VYC-1032 ATTACH M E N  T A 
YhS te 7r 

Tel edyne Engineering . Serv ,:es TES) has been requested by Yankee 
Atomic Electric Company (YAEC) (Reference I )  to review the Mark I Torus 
Containment Program analysis o f  the torus and vent system to determine the 
shell thickness requirements-for these vessel components. 

The torus shell analysis o f  record will be revfewed herein using 
available Information to: 

4 
q ,  1. Map the profile o f  the required minimum shell thicknks f o r  the 

symmetric torus bays. 
/ - 

2. DetermSne the permissible local reduction in shell thickness at 
mid-bay bottom dead center, the location o f  least margin, for a 
range o f  postulated indicatlons. 

AY 

In addition, TES will review the existing vent system analysis to: 

1. Determine the corrosion allowance used for the analysis, if any. 

2. Review all critical vent system shell locations calculating the 
minimum required shell thickness based on the present Mark I 
event loading combinations. 

c .  

3. Identify and report on analysis conservatisms which might 
significantly decrease the required minimum wall thickness with 
additional refinement, if any. 
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2.0 TORUS SHELL ANALYSIS VYC-1032 ATTACH MEN T a 
QYw?7g 

TES has determined that the Mark I Program analysis o f  record f o r  the 
torus shell took advantage of the full as-built vessel thickness. In 
reviewing the documentation (References 2 and 3), it was determined that 
the full thickness was &ed to comply with the Code (Reference 4) 
requirements for the torus shell stress at the mid-bay (free-shell) 
locations for the specified event combinations (Reference 5). These event 
combinations include both the original design loads and Mark I Program 
loads per the structural acceptance criteria (Reference 6). 

/ 

During the review of t h i s  documentation TES determined that the torus 
shell analysis conservatisms had been previously considered and el imlnated 
as a practical consideration for demonstrating compliance with the Code 
requirements during the original evaluation. Some o f  the Important refine- 
ments which eliminated the analysis conservatism and reduced the number o f  
modifications at the Vermont Yankee include: 

/- 

Use o f  fn-situ SRV testing t o  reduce the conservatism i n  the Gf 
1 oad definition. 

TES in-house development o f  the torus shell stress post- 
processing program DISTRESS (Reference 7) to handle the many 
computer analyses for the various loading conditions, to combine 
all data on a component stress level, and t o  produce final 
results for the 27 Mark I event combinations. 

Redefinition o f  the condensation oscillation loading function in 
the time domain to account for load phasing. 

Development of an improved methodology to enforce compatibility 
between the torus shell and the attached piping systems. 

Therefore, it is our opinton that additional refinement o f  the Mark I 
torus shell analysis would not be practical to increase the margin on torus d 
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vyc-1032 ATTACH MEN T 4 
% I D  e75 2.1 Binimum T orus She1 1 Thickness Reaul rements 

TES has reviewed, the torus shell analysis package (Reference. 2) 
and assocf ated computer output from our one-thirty-second. STARDYNE 
(Reference 8) finite-element computer model (Figure 1) to obtain event 
combination stress output ai' specific locations from our DISTRESS torus 
shell stress post-processor (Reference 7). Because o f  the large volume of 
data available for post-processing during the Mark I Program, only those 
elements at critical locations as determined by preliminary scoping 
analyses had been post-processed during the flnal analysis phase. These 
elements, which are located at mid-bay (free-shell) and adjatent to the 
ring girder (local shell), are shaded in Figures 2 and 3. It i s  our 
opinion that this information is adequate to determine the minimum 
thickness requirements since the major loads ( i . e . ,  pressure, DBA 
condensation oscillation, pool swell) are relatively constant along the 
longitudinal axis of the torus bay. 

The mlnimum thickness requirements at the mid-bay {free-shell) 
location o f  the torus shell are governed by the primary membrane stress 
(PM) obtained from the one-thirty-second STARDYNE model considering the 
various Mark I event combinations. For the torus shell adjacent to the 
ring girder (local shell), a gross structural discontinuity, the mlnimum 
thickness requirements are governed by the primary local stress (PL). The 
primary local stress region extends for a distance o f  a 9.8550 inches or 
one-square-root-of-mean-radius-times-thickness (1.OJRt) from the 
intersection o f  the r i n g  girder longitudinally along the torus bay 
(Figure 4). . 

Code compliance for primary membrane and primary local stress 
intensity shall be determined based on comparison o f  the actual event 
stress intensity (i.e., fram the finite-element analysis o f  the torus 
shell) to the Code allowable stress which i s  a function o f  the event 
service 1 imit as -defined' by the structural acceptance criteria (Reference 
6) 
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P4 \ I  OF75 Service Limit All owable 
Stress In tensity &2L!3 C 

Larger o f  1.2 SMC 
or 1.0 Sy 

PM SMC 
- .  

1.5 SMC Larger o f  1.8 SMC 
or 1.5 Sy 

P l  

The Mark I program event combinations to be reviewed are those 
which were previously found to control t h e  torus shell stress-analysis as 
bounding cases (Reference 3). They are event combinations 2, 3, 14, 15, 
16, 18, 19, 20, 21 and 25 (Figure 5). However, some o f  these event 
combinations can be eliminated from further consideration without 
increasing the conservatism as f o l l o w s  : 

Event combinations 2 and 3 are bounded by event combinations 
14 and 15. 

The difference between event combinations, pairs 14 and 15, 
18 and 19, 20 and 21, is OBE versus' SSE seismfc loading. 
The SSE load is marginally larger (i,e., much less than 20%) 
than the OBE load .In all cases. For these pairs, the higher 
event numbers (i.e., the SSE event) are Level C service 
l i m i t  events with a minimum 2.0% increase in allowable 
stress, Therefore, the Level B lower event numbers 14, 18, 

. and 20 will control the analyses. 

Therefore, the remaining event combinations to be reviewed are 14, 16, 18, 
20 and 25. 

Calculation of the minimum thickness herein i s  based on the 
determination o f  an equivalent pressure (Po) which will yield a hoop mem- 
brane stress equal to the event combination primary membrane or local 
stress intensity. Then, solving for the required minimum thickness based 
on compliance with the Code allowable stress intensity: 
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'. 
where Po -- equivalent pressure (psi) 

R - torus mean radius (166.292 inches) 
t - required thickness (.l.e., s 0,584 inches) 

. Table 1 provides the  min imum thickness  requirements as 
calculated (Reference 19)  for the two torus shell locations adjacent to  the 
ring girder  (local shel l  region) and a t  mid-bay (free-shell  region). 
Figures 6 and 7 represent th i s  data plotted as the permissible corroded 
thickness on the torus cross sections. As previously suggested, the  
thickness requirements adjacent t o  the r ing  girder extend longitudinally 
9.8550 inches along the torus shell. In addition, on the torus shell mftre 
side of the ring girder, the local region shall extend 9.8550 inches beyond 
the mitre away from the ring girder (Figure 4). The remainder of the torus 
shell i s  governed by the mid-bay thickness requirements. 

2.2 per missible Local Redu ct ion i n  Torus Shell Thl ckness for an 
Jnd 1 cat 4 on 

An fndication, which may be found upon inspection o f  the torus 
shell (Figure 4), may be acceptable i f  i t  does not  meet the screenjng c r i -  
t e r i a  of 2.1, Table 1, for required shell thickness (Figures 6 and 7) 
provided t h a t  i t  meets the local stress c r i t e r i a  o f  the Code for the par- 
t i cu la r  location o f  concern. 

. 

A general ited compat i bi 1 i t y  analysl s t o  deterrni ne the effect  o f  
a cylindrical depression on a uniform s t ress  distribution was performed for 
a large circular p l a t e  of constant thickness (Reference 19). 

Figure 6 for the free shell and Figure 7 for the local shell 
regions of the torus are based upon this analysis usfng the necessary 
Vermont Yankee torus parameters. Therefore, i f  an indication i s  found i n  
these regions which does not meet the m i n i m u m  wall thickness requirements 
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VYC-I032 ATTACH M E N  T A ,  
o f  Table 1 or Figure 6 (the permissible corroded thickness o f  the free- fi\'$r 
shell region) or Figure 7 (the permissible corroded thickness o f  the local 
shell region adjacent to the ring girder), the following procedure may be 
performed using the appropriate FIgure 8 or 9. 

- .  
The procedure for use o f  Figures 8 and 9 for an indication in 

its final-blended and as-examined state is as follows: 

1. Circumscribe the area o f  the indication and measure the 
diameter (D) . 

2. Determine the maximum indication depth (d). 

3. Assure that no additional indications are found local to the 
circumscribed area within 24.64 inches or two-and-one-half- 
square-roots-of-mean-radi us-t imes-t hickness ( I .  e. 2.5JRt) 

4. If the criterion of step 3'is violated, repeat the procedure 
starting with step 1 and include any indications which 
violate the criterion o f  step 3 in the circumscribed area. 

5. Review Figure 6 or 7 to determine the arc region (S) o f  the 
torus shell which contains the circumscribed indications 
resulting from step 1. 

6. If  the measured indication depth (d] is less than the per- 
..missible corroded thickness from the appropriate Figure 6 or 
7, the indication is acceptable and the remaining steps 7 
through 9 may be skipped. 

7. Determine the circumscribed diameter multiplier (F) from the 
table of  Figure 8 or 9 based on the arc region (S) from step 
5. If the circumscribed indications extend into other arc 
regions, use the largest multiplier (F).  
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8. Determine the equivalent diameter (0') which cjrcumscribes 
the indications: 

'. 
D ' = D x F  

- .  
9. Using 0' and the approprfate Ftgure 8 or 9 curve, determine 

the allowable indications depth d' and compare it to the 
measured depth d: 

Note that the allowable depth (d')  shall be measured based 
on the uncorroded nomlnal shell thickness. Adjust the 
allowable depth (d') to account for reduced wall thickness 
measured. Subtract the difference between the original wall 
thickness (To) and the measured wall thickness (t) from the 
allowable depth (d')  to obtain the adjusted d' .  See 
Appendix B for  sample calculations. 



9WELEDYNE 

VYC.1032 ATTACH M E N  T A 
Technical Report ENGINEERING SERVICES 
TR-7426 -a- 

3.0 VENT SYSTEM SHELL STRESS ANALYSIS F4E-l-75- 

TES has reviewed the .calculation packages (References 9 through 16) 
and drawings (References 1.7 and 18) associated w i t h  the drywell vent system 
and has determined that the shell thicknesses used for the vent system 
components during the Mark I Torus Requalification Program analyses o f  
record were not reduced for corrosion. This philosophy was consistent with 
the decisions made for the torus shell. as described i n  Section 2.0. The 
vent system components analyzed for shell stress are the vent pipe, vent 
pipe/header intersection, vent pfpe/SRV Line penetrations, vent pipe/SRV 
Line support attachments, vent header, and downcomers. 

The Mark I Torus Program vent system analyses (References 10, 13 and 
14) were completed u s i n g  a combination of hand calculations and two 
STARDYNE (Reference 8) models; a beam model (Figure 10) for general loading 
(Reference 9); and it detailed finite-element model (Figure 11) f o r  the 
downcomer/vent header intersection (References 11, 12 and 15). The less 
detailed beam model analysis was possible i n  this case for two reasons: 
f i r s t ,  because GE provided the  BWR Owner's Group de ta i led  stress 
intensification factors for each specific type of BWR vent pipe/header 
fntersection t o  conservatively calculate the maximum combined s t ress  and 
secondly, because the anticipated s t ress  levels i n  the vent system based on 
the in i t i a l  scoping analyses appeared t o  be well within Code allowables for 
a l l  components w i t h  the exception o f  the vent header a t  the downcomer 
intersection. The vent header/downcomer intersection eventually required a 
modification t o  the downcomer pairs, t i e  bars, even w i t h  the use o f  
s igni f icant ly  more refined analytical techniques. The refined shell 
analysis o f  the vent pipe/header intersection (Reference 20) was completed 
using a detailed ABAQUS finite-element model (Figure 26) t o  determine the 
s t ress  intensification factors and stresses for specific locations w i t h i n  
the vent pipe/header intersection. The shell analyses of the four vent 
pipe/SRV Line penetrat ions (Reference 16) were completed us ing  a 
combination of hand calculations and one detailed finite-element STARDYNE 
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model (Figure 12). The shell analysis o f  the vent pipe/SRV Line support 
attachments were completed using the computer program CYLNOZ (in accordance 
with WRC Bulletin 107, Franklin Research Center, 1-16-80) and are included 
within the SRV Line penetration analysis package (Reference 16). 

- .  
Generally, as a result of low stress levels and in accordance with 

our five BWR clients' wishes, the final vent system analyses were completed 
using conservative bounding techniques to reduce costs and to provide 
timely results. loads in most cases were combined absolutely for the two 
event combinations analyzed. These two event cornbinations (Reference lo) ,  
a poolswell event (event combination 19) and a vent system chugging event 
(event combination Zl), were determined to conservatively bound the rernain- 
ing twenty-five combinations listed in the structural acceptance criterja 
(Reference 6). The resultant stress intensities were also conservatively 
calculated without regard to location and were compared to Code allowables. 

Based on our recent review o f  this work, it does appear that an addi- 
tional margin exists for some o f  the vent system components with regard to 
minimum she1 1 thickness requirements and the remaining shell thicknesses 
available for corrosion to be reported on in Sections 3.1 and 3.2. It 
should be noted that the aforementioned analysis conservatisms could be 
reduced, through a moderate effort, using less conservative stress analysis 
techniques and the presently available loads. 

3.1 trlinlmum Vent System Shell Thic kness Reauirements 

TES has reviewed the vent system analysis packages 
(References 10 11 and 20) to determjne the minimum shell thickness 
requirements for each of the major components: the vent pipe, vent 
pipe/header intersection, vent header and downcomers. The cal CUI ation o f  
the minimum thickness requirements (References 19 and 20) i s  based on the 
methodology presented in Section 2.1 for the torus shell. 

As descrlbed in Section 3.0, because of the known available mar- 
gins, much o f  the vent system stress analysis was completed in a con- 
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servative fashion by hand. In most instances the amount of data presently I 

available without completjng a more refined analysis for each o f  the major ?4\] 
components i s  1 imited. Thewfore, additional conservative assumptlons were 
required to determine therminimum vent system shell thickness requirements , 

and resulting shell thickness - .  remaining for corrosion for the major com- 
ponent locations as provided in Table 2. The vent pipe and vent header 
thickness requirements are determined for the free shell and the local 
shell regions adjacent to the vent mltred jolnt, the downcomers and vent 
pipe/header intersection as defined in Figure 13. The downcomer thickness 
requirements are determined for the free shell and the local shell regions 
adjacent to the downcomer mitred joint as defined in Figure 16; The vent 
pipe/header intersection thickness requtrements are determined for the 
local shell regions adjacent to the stiffeners, vent head (cap), vent pipe 
and vent header, as defined in Figure 27. The vent pipe thickness 
requirements are determined for the local shell regions adjacent to the SRV 

’ Line penetrations and SRV Line support attachments as defined .In Figures 
19, 20 and 24 (SRV tines A, 6, C and D). 

3.2 permissible Local Reduction Jn Vent System Thickness for an 
Jnd $ cati on 

An indication which may be found upon inspection o f  the vent 
system components - the vent pipe, vent pipe/header intersection, vent 
plpe/SRV Line penetrations, vent pipe/SRV Line support attachments, vent 
header, downcomers and downcomer miters - may be. acceptable t f  it does not 
meet the screening criterta o f  3.1, Table 2, provided that  it meets the 
local stress criteria o f  the Code for the particular location o f  concern. 

The general ited compatibility analysis (References 19 and ZO), 
as described in Section 2.2, was used t o  develop Figures 14 through 32 
herein. 

The procedure for the use o f  Flgures 14 through 32 f o r  an indi- 
cation in i t s  final-blended and as-examined state i s  as follows: 
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1. Circumscribe the area of the indication and measure the 

diameter (D). 

2. Determine the maximum indication depth (d). 

3. Assure that no additional indications are found local to the 
circumscribed area within two-and-one-half-square-roots-of- 
mean-radius-times-thickness (i .e., 2.5JRt) as listed below. 

Vent System Thickness Rad1 us 2.5JRt 
ComPonent i n  A -)n 

Vent Pipe .250 40.625 7.97 

Vent Pipe/Hdr Inter. .250 40.625 7.97 
.4375 40.625 10.54 

Vent Pipe/SRV Penet. .250 40,625 7.97 

Vent Pipe/SRV Sup't .250 40.625 7.97 

Vent Header .250 28.625 6.69 

Downcomer .250 11.875 4.31 
a375 . 11.875 5.28 

4. . If the criterion o f  step 3 i s  violated, repeat the  procedure 
starting with step 1 and include any indications which 
violate the criterion of step 3 i n  the circumscribed area. 

5. If the measured indication depth (d) i s  less than the per- 
missible corroded thickness (remaining thickness) o f  Table 2 
f o r  the appropriate location, the indication .Is acceptable 
and the remaining steps may be skipped. 
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6. Review Figures 14 through 32 to determine the appropriate 
curve for the region of the vent system that contains the 
cjrcumscribed indications. 

7. Using D'-and the appropriate figure and curve, determine the 
allowable indications depth d' and compare i t  to the mea- 
sured depth d: 

Note that the allowable depth (d') shall be medsured based 
on the uncorroded nominal shell thfckness. Adjust the 
allowable depth (d') to account for reduced wall thickness 
measured. Subtract the difference between the original wall 
thickness (To) and the measured wall thickness ft) from the 
allowable depth (d'} to obtain the adjusted d'.  See 
Appendix B for sample calculations. 
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YAEC P.O. Number, gA41434. 

TES Analysis .Package 5319-20, Rev. 1, Vermont Yankee Torus Shell 
Anal ysi s. 

L .  

TES Technical Report TR-5319-1, Rev. 2, Mark I Containment 
Program, P l a n t  Unique Analysts Report o f  the Torus Suppressfon 
Chamber for Vermont Yankee Nuclear Power Station. 

ASME Boiler and Pressure Vessel Code, Section 111, Division 1, 
Subsection NE, Class MC Vessels, 1974 Edition through Summer 
1977 Addenda. 

Mark I Contafnment Program Load Definition Report, Document 
Number NEDO-21888, Rev. 2, November 1981. 

Mark I Containment Program, Structural Acceptance Cri t e r l a ,  
Plant Unique Analysis Application Guide, Document Number NEDO- 
24583-1 , October 1979. 

TES Computer Code TG-8, DISTRESS Computer Program Check, 
October 13, 1982. 

Stardyne User Information Manual , January 1984. 

TES Calculation Package 2252-10, Rev. 1, Vermont Yankee, Vent 
System Stardyne Beam Model Geometry. 

10. TES Calculation Package 2252-5, Rev. 1, Vent Header and 
Intersection With Main Vent, Combined loads, Vermont Yankee. 

11. TES Calculation Package 2252-4, Rev. 1, Combined Loads, Vent 
System, Vent Header/Downcamer Intersection, Vermont Yankee. 
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Required. Thickness Remaining Thickness 
.(inches) (i nches) Ilem/Arc NO. 

(Mi d-bay) 
27/S1 

25/S2 

23/S3 

21/S4 

19/S5 

17/S6 

17/S7 

15/S8 

13/S9 

ll/SlO 

(Ring 61 rder) 
159/Sl 

153/S2 

147/S3 

141/S4 

132/S5 

132/S6 

126/S7 

120/S8 

114/S9 

.236 

,269 

' .305 

.352 

.359 

.392 

.392 

.360 

.322 

.259 

.150 

,124 

.150 

113 

.134 

.134 

.151 

.148 

.181 

.348 

.315 

.279 

.232 

225 

,192 

.192 

.224 

.262 

.325 

.434 

.460 

.434 

.471 

.450 

.450 

-433 

.436 

.403 

NOTE: Only lower shell elements are listed. 
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MINIMUW VENT SYSTM THICKNESS REQUIREMENTS 
VERMONT YANKEE NUCLEAR STATION 

Component 
Location 

Vent Pipe 

Vent Header 

Downcomer 

Downcomer 

Vent Pipe at 
Drywell 

Vent Header at 
Mitre Joint 

Vent Header at 
Oowncomer 

Downcomer at 
Mitre Joint 

Downcomer at 
Mitre Joint 

VP/SRV (A,B,C,D) 
Penetration at 
Nozzle Inter. 

VP/SRV (A, B, C,D) 
Penet. a t  Edge 
o f  klagon Wheel 

VP/SRV (A,B,C,O) 
Penet. at Edge 
o f  3/4" Pad 

VP/SRV (A,B,C,D) 
Lower Support 

She1 1 
Thickness (in) 

,250 

.250 

.25O 

.375 

.250 

.250 

.250 

,250 

.375 

,750 

.750 

.250 

,250 

Required 
Thickness (in) 

.I58 

,111 

.156 

.235 

. lo5 

.234 

.244 

. I04 

.I56 

.630 

.568 

.241 

.241 

Remai nf ng 
Thickness (in) 

.092 

.I39 

'.094 

140 

,145 

.016 

.006 

.146 

.219 

.120 

.182 

.009 

.009 
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I 

Remai nf ng 
Thickness (in) 

-.0210 

.I196 

.0770 

.2954 

,1196 

~~ - 

.*  TABLE 2 (Continued) 

She1 I 
Thickness (in) 

HINIMUM Vm SYSTEM THICKNESS REQUIREMENTS 
VERMONT YANKEE NUCLEAR STATION 

Required 
Thickness (in) 

Component 
Lucati on 

Vent P i  pepeader 
I n t e r  sect ion' 

AdjacenJ t o  
S t f f feners 

A t  Vent Pipe 
Branch 

A t  Ring Header 
Branch 

A t  Vent Head 

A t  Vent Head 
Branch 

.2500 

,2500 

.2500 

.4375 

.2500 

.2290 

.I304 

.I730 

.1421 

.1304 
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ROTATED AXIS VIEW - VERMONT YANKEE 
1/32 DETAILED SHELL MODEL 

FIGURE 1 
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MAXIMUM STRESS LOCATIONS-VERMONT YANKEE 
1/32 MODEL-UPPER 'HALF OF SHELL 

FIGURE 2 
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MAXIMUM STRESS LOCATIONS-VERMONT YANKEE 
1/32 MODEL-LOWER HALF OF SHELL 

FIGURE 3 
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1.0 d T =  9.8550" 

LOCAL TORUS SHELL STRESS REGIONS 
VERMONT YANKEE NUCLEAR STATION 

FIGURE 4 
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PERMISSIBLE CORRODED THICKNESS FOR THE TORUS 
CROSS-SECTION AT MID-BAY (FREE SHELL REGION) 

. VERMONT YANKEE - .  NUCLEAR STATION 

S2 = 231.78" 
53 = 173.84" 
S4 = 115.89" 

S6 = 28.97" 
S7 = 86.92" 

S9 = 202.81" 
S10 = 260.75" 

s5 = 57.95" 

sa = 144.86" 

NOTE: IN TERMEDI ATE 
VALUES MAY BE 
1NTERPOLATED 

f BOTTOM 

FIGURE 6 
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94 '3"/7s 

PERMISSIBLE CORRODED THICKNESS FOR THE TORWS 
CROSS-SECTION ADJACENT TO RING GIRDER 

(LOCAL SHELL REGION) 
VERMONT YANKEE NUCLEAR STATION 

R €ACTOR 7 

(INSIDE) (OUTSIDE) Arc Lengths 
S1 = 260.75" 
s2 = 222.12" 
$3 = 164.18" 
S4 = 106.23" 
S5 = 48.29" 
S6 = 86.92" 
S? = 144.85" 
58 = 202.81" 
S9 = 260.75" 

NOTE: INTERMEDIATE 
VALUES MAY BE 
1 NTERPOLATED FIGURE 7 
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PERMISSIBLE.. SIZE RANGE FOR INDICATION 
FREE SHELL REGION OF THE TORUS 
VERMONT YANKEE - .  NUCLEAR STATION 

:or 

584" 
Tcor = 0.192" 

Tcor = 0.348" 

d' (in) 0.584 

FIGURE 8 
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PERMISSIBLE SIZE RANGE FOR INDICATION 
RING GIRDER REGION OF THE TORUS 
VERMONT YANKEE NUCLEAR STATION 

584" 

:or = 0.471" 
.. 
!, - .. - . .  * . .  . . . .  . . .  . . .  . . .  . .. .. * .. .. . . .  . . -  . 

* . .  . . .  - .. .. 
8 .. . .  

Tcor = 0.403" 

15.0 l 6 - O I  
14.01 

13a01 12.0 FACTOF 
"F" 

GEN 
CORR. 
Tcor 

ARC 
RECiON 

11.0 

10.0 

9.0 
8.0 
7.0 - 
6.0 - 
5.0 - 
4.0 - 
3.0 - 
2.0 - 

- 
- 
- 
- 

n 
C .- 

W b- s3 

. .  . 

. * .  
* . -  - .. 0.434 , 

0.434 
0.471 
0.450 
0.450 
0.433 
0.436 
0.403 

0.460 
0.931 
0.830 
0.91 1 
0.792' 
0.862 
0.862 
0.915 
0.904 
1.000 

.- 

. .  . .  * * . ,k . .  . *  . .  . . 

f 1. 
: 1: 

s4 
s5 
S6 
s7 

* S8 
s9 

.. . . .  . 
e . .  - .. - . .. .. --_ . .  . _ .  

1.0 f- 

d' (in) 0.584 

FIGURE 9 
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VENT HEADER 

r 
VENT HEADER INTERSECTION 

SYMMETRY BOUN OARY 
CONDITIONS 

VENT SYSTEM BEAM MODEL, 
VERMONT YANKEE NUCLEAR STATION 

FIGURE 10 

..: 
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END NODES F I X E D  

VENT HEADER/DOWNC~MER INTERSECTION MODEL,' 
VERMONT YANKEE NUCLEAR STATION 

FIGURE I1 
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VENT PIPE/SRV LINES A THRU D PENETRATION STARDYNE 
COMPUTER MODEL, VERMONT YANKEE NUCLEAR STATION 

FIGURE 12 
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FREE AND LOCAL SHELL REGIONS FOR THE VENT HEADER 
VERMONT YANKEE NUCLEAR STATION 

0 TYPICAL DOWNCOMER 

I 

* LOCAL REGIONS (1.0 m) = 2.68" 

FIGURE 13 
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PERMISSIBLE SIZE RANGE FOR INDICATION 
VENT PIPE 

VERMONT YANKEE NUCLEAR STATION 

C .- 
v 

0 

4.0 

3.0 1 -  
. .  - .  . .  .. >.. : 

f . .  .- . . . .  
>.. 

,250'' 

I 

Tcor = 0.145" (AT DRYWECL) 

L I 

. '  
1 -  , -  
I .  

I t  . .  . .  . .  . .  . .  . .  . .  
. .  . .  . -  . .  - .  
. .  . .  . .  . .  . .  . .  . .  . .  . .  . .  
. *  . .  . .  
. .  . .  - .  . .  . .  
. .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  

d' (in) 

FIGURE 14 
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PERMISSIBLE SIZE RANGE FOR INDICATION 
‘VENT HEADER 

VERMONT YANKEE NUCLEAR STATION 

r Tcor 

6.0 

5.0 

n 4.0 
c .- 
W 

.. 
a 3.0 

2.0 

Tcor = 0.006” (AT DOWNCOMER) 
Tcor .= 0.016” (AT MITRE) Tcor = 0.139- (VENT HDR) 

1 .o 

0.0 

I I .  
4 .  . .  . *  f .  . .  . .  . .  . -  . -  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . -  - .  . .  . .  . .  . .  . .  
6 .  . .  

VENT HDR 
GENER~L 

d’ (in) 

FIGURE 15 
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p4 “hs 

FREE AND ’*LOCAL SHELL REGIONS 
FOR THE DUWNCOMERS’ 

VERMONT YANKEE NUCLEAR STATION 

OOWNCOMER 
T = 1 /4” I 

- 
FIGURE 16 



9VTELEDYNE 
ENGlNEOWffi SfiIRvK'/ES TechnO cal Report 

VYC-1032 ATTACH MEN T 9 TR-7426, Revision I -35- 

\ : I .  1.0 - 

PERMISSIBLE SiZE RANGE FOR INDICATION 
LOWER DOWNCOMER 

VERMONT YANKEE NUCLEAR STATION 

. .  

- .  

- i I .  . i I I  

250" 

6.0 

n 4.0 
c .- 
v 

* 3.0 
L-.. : 

2 - 0 1  

. 
* *  

i 

rcor = 0.094" (LOWER DOWNCOMER) 

[cor = 0.146" (AT MITRE) 
t D  . .  . .  . .  
. I  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  

. .  . .  . -  *: . . . .  . .  . .  . .  . .  . .  . -  . .  . .  . .  

* .  

[n 

d' (in) 

FIGURE 17 
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PERMISSIBLE SIZE RANGE FOR INDICATION 
UPPER DOWNCOMER 

VERMONT YANKEE - .  NUCLEAR STATION 

6.0 

5.0 

n 4.0 
C .- 
W 

.. 
3.0 

2.0 

1.0 

0. c 

375" 

[cor = 0.140" (UPPER DOWNCOMER) 

MITRE) 

4 

J l l I l l ' l l  I I ' '  

0.075 0.15 0.225 0.30 0.375 

. 

ci' (in) 

FIGURE 18 



Technical Report 
TR-7426 

3rTELEWNE 
--# ENGINEERING SERVK)ES 

-31 -  

VYC-1032 ATTACH M E N  T 

VENT SYSTEM VENT PIPE/SRV LINES A THRU D 
VERMONT YANKEE NUCLEAR STATION 

\ 
d .  

NOTE: 
1.  (*) LOCAL REGION 

( 1 . W T  = 3.19”) FIGURE. 19 
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LOCAL SHELL REGIONS 
VENT PIPE/SRV- LINES A THRU D PENETRATION 

VERMONT YANKEE NUCLEAR STATION 

SRV 10" PIPE 
\ -- \ 

/ 
/ 

/ 3/4" THK PAD 

I 

VENT PIPE 
SHELL 

\ 
\ 

\ 

SECTION A-A 
NOTE: 

1.  (*) VENT PIPE SHELL LOCAL REGION ( l . O x =  3.19") 

2. (**) WAGON WHEEL LOCAL A R B  

FIGURE 20 
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PERMISSIBLE SIZE RANGE FOR INDICATION 
VENT PIPE/SRV (A THRU D) AT NUZZLE INTERSECTION 
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TR-7426 B-1 

VYC-1032 ATTACH MEN T a 
VERMONT YANKEE TORUS SHELL 

TORUS SHELL INDICATION SAMPLE CALCULATION 81 

I 
I CORRODED AREA ’ I CLUSTER OF PITS 

I 
1 
I 
I 
I - 9.8550” 9.8550’’ - 

FREE SHELL FREE SHELL 
I- C -- 

(OUTSIDE) 

ti =7 1 .258” 

L2 = 87 -320” 

+ 

,- BOTTOM 

t = 0 5 84” 
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STEP 1 

STEP 2 

STEP 3 

STEP 4 

STEP 5 

STEP 6 

B-2 
VYC.1032 ATTACH M E N  T A 

VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION f l  

Circumscribed diameter o f  indication area 
0 = 16.062" 

Maximum depth o f  indlcation d = 0.0325" 

Confirm that no additiona'l indications are found with in  a 24.64" 
radius . I confirmed. 

I f  Step 3 is violated, re-circumscribe the area and re-determine 
'ID" and I'd" 

Determine arc region(s) from appropriate Figure 6 or 7. 

J Free shell region, Figure 6 
Local shell region, Figure 7 

ti = 71.258" Lies in Arc Region S A  
L2 = 87.320'' Lies in Arc Region S A  

SA Permissible Corroded Thickness, tcor = . 0.232" 
S L  Permissible Corroded Thickness, tcor = 0.232" 

Check if measured indfcation depth is less than the permissible 
corroded thickness (tcorf. 

Permissible Corroded Thickness = tcor = 
Indication Depth = d = 

0.232" 
0.0325" 

J , d 5 tcOr, then indication is acceptable, stop,  s k i p  
rematning steps. 

. , d > tCOrr then continue. 
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VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION I1 .. . 

STEP 7 Determine circumscribed diameter multiplier. 
(F) From the table of Figure 8 or 9. 

- Free She'll Region, Figure 8 
Ring Girder (Local) Shell Region, Figure 9 

S-, Factor "F" = 
S-, Factor "F" = 

Largest multfplier factor "F" = 

STEP 8 Determine equivalent diameter (0') which circumscribes the 
i ndi cati o m .  

STEP 9 Using D' and appropriate Figure 8 or 9, determine the allowable 
indication depth (d ' ) .  

- Free Shell, Figure 8 - Local Shell, Figure 9 
Allowable Depth d' = 

Adjust allowable depth (d'adj) t o  account for reduced wall 
thickness measured. 

* 

Original Wall thickness, To = 
Measured Wall Thickness, t = 

Adjusted d' = d' - (To - t )  = 
Indication Depth, d - 

, d 5 Adjusted d', Indication is Acceptable. 

0.584" 

, d > Adjusted d' ,  Weld Repair Required. 
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STEP 1 

STEP 2 

STEP 3 

STEP 4 

STEP 5 

STEP 6 

VYC-1032 ATTACH MEN I' 4 
q4 65-/76 VERMONT YANKEE TORUS SHELL 

TORUS SHELL INDICATION SAMPLE CALCULATION 12 

Circumscribed diameter of indication area 
D = 4.285" 

Maximum depth of indication d = 

Confirm that no additional indications are found within a 24.64" 
radius. J confirmed. 

I f  Step 3 is vlolated, re-circumscribe the area and re-determine 
"D" and I'd" 

Determine arc region(s) from appropriate Figure 6 or 7. 

1 Free shell region, Figure 6 
- Local shell region, Figure 7 
L 1  = 133.122" Lies i n  Arc Region S A  
L2 = N/A l i e s  3n Arc Region S- 

S A  Permissible Corroded Thickness, tcor = 0.279"/0.315" 
S- Permissible Corroded Thickness, tcor = . 

Check i f  measured indication depth is less than the permissible 
corroded thickness (tcor). 

Interpolated tcor = ,279" + ( .315-.279)-------- - - - - - - - - -  = ,290" 

0.281" 

(133.322" -115.89") 

( 1 73 .84" - 1 15.89 " ) 

Permissible Corroded Thickness = tcor 
Indication Depth = d = 

1 9  d s tcor, then indication is acceptable, stop, s k i p  
remaining steps. 

0.290" 
0.281" 

-* d > ttOrr then continue. 
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VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION '. SAMPLE CALCULATION #2 

STEP 7 Determine circumscribed diameter mu1 tip1 ier. 
(F) From the table o f  Figure 8 or 9. 

- Free Shell Region, Figure 8 
- Ring Girder (Local) Shell Region, Figure 9 

S-, Factor "F" = 
S-, Factor "F" = 

Largest mu1 tip1 ier factor 'IF" = 

STEP 8 Determine equivalent diameter (D') which circumscribes the 
indications . 
D ' = D x F  
D' = X r 

STEP 9 Using 0' and appropriate Figure 8 or 9, determine the allowable 
Sndieation depth (d'). 

Free Shell, Figure 8 - Local Shell, Figure 9 
Allowable Depth d' - 

Adjust allowable depth (d'adj) to account for reduced wall 
thickness measured. 

* 

Original Wall thickness, To = 
Measured Wall Thickness, t - 0.584" 

Adjusted d' = d' - (To - t) = 
Indication Depth, d = 

-9 d > Adjusted d', Weld-Repair Required. 
, d Adjusted d',  Indication is Acceptable. 
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VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION #3 

I 

--c 

- 

t$ MIDBAY MITRE\ 

9.8550” 4 9.8550” 
* - 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

RING ‘GIRDER 
MIDBAY a 

I LINEAR 
I 
I 

I N D I CAT1 0 N 

1 

5.707” I 
I 

I 

I 1  

/ 

‘-- ‘ I ‘\ 
I R=24.64 
I 

I I 1 
I 

( 0 UTS 1 D E) 

I N DI CAT1 0 N 
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STEP 1 

STEP 2 

STEP 3 

STEP 4 

STEP 5 

STEP 6 

8-8 

VYC-1032 ATTACH ME N T p\ 
VERMONT YANKEE TORUS SHELL 

TORUS SHELL INDICATION SAMPLE CALCULATION #3 

Circumscribed diameter o f  indication area 
D = 5.707" 

Maximum depth of fndication d - 0.267" 

Confirm that no additional indications are found within a 24.64" 
radius. J confirmed. 

If Step 3 is violated, re-circumscribe the area and re-determine 
"D" and "d" 

Determine arc region(s) from appropriate Figure 6 or 7. 

J Free shell region, Figure 6 
- Local shell region, Figure 7 

L 1  = 55.125" LSes in Arc Region S 5  
L2 = N/A Lies i n  Arc Region S- 

S 5  Permissible Corroded Thickness, tcor = 0.225"/0.232" 
S- Permissible Corroded Thickness, tcor = 

Check i f  measured indication depth is less than the permissible 
corroded thickness (tcor) . 
Permissible Corroded Thickness = tcor = 0.225"/0.232" 
Indication Depth = d = 0.267" 

d I tcor, then indicatjon is acceptable, stop, s k i p  
remaining steps. 

J , d > tcOr, then continue. 
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VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION 13 .. 

STEP 7 Determine circumscri.bed diameter mu1 t ip l ie r .  
(F) From the table o f  Figure 8 or 9. 

I Free Shell Region, Figure 8 
Ring Girder (Local) Shell Region, Figure 9 

S A ,  Factor "F'l = 0.957 
S-, Factor "F" = 

Largest multiplier factor "F" = 0.957 

STEP 8 Determine equivalent diameter (D')  which circumscribes t h e  
indications. 

D ' P D x F  
D' = 5.707" x 0.957 5.462" 

STEP 9 Using 0' and appropriate Figure 8 o r  9, determine the allowable 
indication depth (d ') .  

J Free Shel l ,  Figure 8 
- Local Shell, Figure 9 

Allowable Depth d' = 0.368" 

Adjus t  allowable depth (d'adj) t o  account f o r  reduced wal l  
thickness measured. 

* 

Original Wall thickness, To = 
Measured Wall Thickness, t = 

Adjusted d' = d' - (To - t )  = 
indication Depth, d = 0.267" 

- 9  d > Adjusted d',  Weld Repair Required. 

0.584" 

0.355" 

0.571" 

I , d Adjusted d',  Indication i s  Acceptable. 
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VYC-1032 ATTACH MEN 1 

VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION 84 . .  

- 9.8550” 9.8550” 
c 

- 

n +- (OUTSIDE) 

- /  - ,  

(OUTSIDE) 

1 N D I CAT1 0 N 

5 .  I 28” 

D=6.312” d = 0.2 7 7” 

t = 0 -584 

TORUS 
. BOTTOM 

D=6.312” d = 0.2 7 71’ 

t = 0 -584 
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B-11 

VYC-1032 ATTACH MEN T 4. 
VERMONT YANKEE TORUS SHELL 

TORUS SHELL INDICATION SAMPLE CALCULATION #4 '. 

Circumscribed diameter of indication area 
D = 6.312" 

Maximum depth o f  indication d = 

Confirm that no additional indications are found within a 24.64" 
radius. J confirmed. 

If Step 3 is violated, re-circumscribe the area and redetermine 
"D" and "d" 

Determine arc region(s) from appropriate Figure 6 or 7. 

0.277" 

Free shell region, Figure 6 
J Local shell region, Figure 7 

L1 = 38.125" Lies in Arc Region S A  
12 - 43.253" Lies i n  Arc Region S L  

S A  Permissible Corroded Thickness, tcor = 0.450"/0.471" 
S A  Permissible Corraded Thickness, tcor = 0.450"/0.471" 

Check if measured indication depth i s  less than the permissible 
corroded thickness (tcor). 

Permissible Corroded Thickness = tcor = 0.450"/0.471" 
Indication Depth = d = 0.277" 

J , d tcor, then indication is acceptable, stop, skip 
remaining steps. 

, d > tcOr, then continue. 
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STEP 8 

STEP 9 

8-12 

VYC-1032 ATTAW M i  N T 

VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION #4 

: . 

Determine. circumscribed diimeter multiplier. 
(F) From the table o f  Figure 8 or 9. 

Free Shell Region, Figure 8 
.cI_ Ring Girder (Local) Shell Region, Figure 9 

L A  Factor "F" = 
S-, Factor "F" = 

Largest multiplier factor "Fn = 

Determine equivalent diameter (0') which circumscribes the 
indications. 

Using D' and appropriate Figure 8 or 9, determine the allowable 
Indication depth (d'). 

Free Shell, Figure 8 - Local Shell, Figure 9 
Allowable Depth d' = 

Adjust allowable depth (d'adj) to account for reduced wall 
thickness measured. 

* 

Original Wall thickness, To = 
Measured Wall Thickness, t = 

0.584" 

Adjusted d' = d' - (To - t) = 
Indication Depth, d = 

+ d 5 Adjusted d ' ,  Indication i s  Acceptable. 
- 9  d > Adjusted d', Weld Repair Required. 
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TORUS SHELL INDICATION : . SAMPLE CALCULATION #5 

Q MIDBAY 
/ 

I 
I 
I 
I 
1 
t 
I 
I 

( I 
I 

I '  4 9.8550" 

/- MIDBAY 

I I I 

I) 

L1 =22 1.75" 

Lz = 22 3.573'' 

0 = 2.2 6 1 " d = 0.45 1 'I 

t = 0 - 57 6" 

I 
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VYC-1032 ATTACH MEN T 4 
VERMONT YANKEE TORUS SHELL 

TORUS SHELL INDICATION SAMPLE CALCULATION 85 

STEP 1 Circumscribed diameter of indication area 
D = 2.261" 

STEP 2 Maximum depth o f  indication d = 0.451" 

STEP 3 Confirm tha't no additional indications are found within a 24.64" 
radius. J confirmed. 

STEP 4 If Step 3 is violated, re-circumscribe the area and re-determine 
"D" and "d" 

STEP 5 Determine arc region(s) from appropriate figure 6 or 7. 

Free shel? region, Figure 6 
J Local shell region, Figure 7 

ti = 221.75" Lies in Arc Region S_l 
L2 = 223.573" Lies in Arc Region S-1, 

S L  Permissible Corroded Thickness, tc-r = 0.460"/0.434" 
S A  Permissible Corroded Thickness, tcor = 0.434" 

STEP 6 Check i f  measured indication depth I s  less than the permissible 
corraded thickness (tcor). 

Permissible Corroded Thickness - tCOr = 
Indication Depth = d 1 

0.434" 
0.451" 

d 5. tcor, then indication i s  acceptable, stop, s k i p  
remaining steps. 

J , d > tcOr? then continue. 
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VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION 15 -. 

STEP 7 Determine circumscribed diameter multipl ier. 
(F) From the table of Figure 8 or 9. 

Free Shell Region, Figure 8 
1 Ring Girder (Local) Shell Region, Figure 9 

S 2 ,  Factor "F" = 0.830 
S A ,  Factor "F" = 0.913 

Largest multiplier factor "F" - 0.913 

STEP 8 Determine equivalent diameter (0') which circumscribes t h e  
indications. 

O ' P D X F  
D' = 2.761" x 0.913 - 2.064" 

STEP 9 Using 0' and appropriate Figure 8 or 9, determine the allowable 
indication .depth (d'). 

- Free Shell, Figure 8 
J Local Shell, Figure 9 

Allowable Depth d' = 0.461" 

Adjust allowable depth (d'adj) to account for reduced wall 
thickness measured. 

Original Wall thickness, To = 
Measured Wall Thickness, t = 

Adjusted d' = d' - (To - t) = 
Indication Depth, d = 0.451" 

f , d 5 Adjusted d', Indication i s  Acceptable. 
-9 d > Adjusted d', Weld Repair Required. 

* 

0.584" 

0.453" 

0.576" 
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1. o INTRODUCTION 

Teledyne Engineering Services (TES) has been requested by Yankee 
Atomic Electric Company (YAEC) (Reference 1) t o  review the Mark I Torus 
Containment Program analysis of the torus and vent system t o  determine the 
she1 1 thickness requirements for  these vessel components. 

The 
available 

1. 

2. 

torus  shell analysis of record will be reviewed herein using 
informatlon to: 

. .  

Map the profile o f  the required minimum shell thickness for  the 
symmetric torus bays. 

Determine the permissible local reduction i n  shell thickness a t  
midbay bottom dead center, the location of leas t  margin, for a 
range o f  postulated indications. ' 

In addition, TES will review the existing vent system analysis t o :  

1. DetermineAthe corrosion allowance used for the analysis, i f  any. 

2 .  Review a l l  c r i t i ca l  vent system shell locations calcu7ati.ng the 
minimum required shell thickness based on the present Mark I ' 

event loading combinations. 

3. ' Identify and report on analysis conservatisms which might signif- 
icantly decrease the required minimum wall thickness w i t h  addi- 
t ional.  refinement, if any. 

i 
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2.0 J'ORUS SHELL ANALYSIS 

TES has determined that the Mark I Program analysis of record for the 
torus shell took advantage of the full as-built vessel thickness. In 
reviewing the documentation (References 2 and 3), It was determined that 
the full thickness was used to comply with the Code (Reference 4) 
requirements for the torus shell stress at the midbay (free-shell) 
locations for the specified event combinations (Reference 5). These event 
combtnations include both the original design loads and Mark I Program 
loads per the structural acceptance criteria (Reference 6). 

During the review of this documentation TES determined that the torus 
shell analysis conservatisms had been previously considered and eliminated 
as a practical consideration for demonstratfng compliance with the Code 
requirements during the original evaluation. Some o f  the important refjne- 
ments which eliminated the  analysis conservatism and reduced the number of  
modifications at the Vermont Yankee include: 

Use of in-situ SRV testing to reduce the conservatism In the GE 
load definition. 

TES in-house development of the torus shell stress postprocessing 
program DISTRESS (Reference 7) to handle, the many computer 
analyses f o r  the various loading conditions, to combine all data 

nal results for the on a component stress level, and to produce f 
27 Mark I event combinations. 

Redefinition of the condensation oscillation 
the time domain to account for load phasing. 

loading function in 

Development of an improved methodology to enforce compatlbil i t y  
between the torus shell and the attached piping systems. 
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Therefore, it is our opinion that additional refinement of the Mark I 
torus shell analysis would not be practical to Sncrease the margin on torus 
she1 1 thickness. 

2.1 Minimum Torus She1 1 Thickness ReQuirements 

TES has reviewed the torus shell analysis package (Reference 2) 
and associated computer output from our one-thirty-second STARDYNE 
(Reference 8) finite-element computer model (figure 1) t o  obtain event 
combination stress output at specific locations from our DISTRESS torus 
shell stress postprocessor (Reference 7}. Because o f  the large volume of 
data available for postprocessing durfng the Mark I Program, only those 
elements at critical locations as determined by preliminary scoping 
analyses had been postprocessed during the final analysis phase. These 
elements, which are located at midbay (free-shell) and adjacent to the ring 
girder (local shell), are shaded i n  Figures 2 and 3. It i s  our opinion 
that this information i s  adequate to determine the minimum thickness 
requirements since the major loads (i .e., pressure, DBA condensation 
oscillation, poolswell) are relatively constant along the longitudinal a x i s  
o f  the torus bay. * 

The minimum thickness requirements at the midbay (free-shell) 
location o f  the torus she'll are governed by the primary membrane stress 
(PM} obtained from the one-thirty-second S T A h N E  model considering the 

. various Mark I event combinations. For the torus shell adjacent to the 
ring girder (local shell), a gross structural discontinuity, the minimum 
thickness requirements are governed by the primary local stress (PL) .  The 
primary local stress region extends for a distance of a 9.8550 inches or 
on e square- root - o f  - me an - rad i us - t i me s - t h i c kn e s s ( 1 . O J R t )  from the 
intersection of the ring girder longitudinally along the torus bay 

I (Figure 4). 



Code compliance for  primary membrane and primary local s t ress  
intensity shall  be determined based on comparison of the actual event 
s t r e s s  intensi ty  ( i . e . ,  from the finite-element analysis o f  the torus 
shel l )  t o  the Code allowable stress which is a function of the event ser- 
vice limit as defined by the structural acceptance c r i t e r i a  (Reference 6 ) .  

Service L i m i t  A i  1 owabl e 

m A. 

Larger o f  1.2 SMC 

or  1.0 Sy 
SMC 

1.5 SMC Larger o f  1.8 SMC . 

or 1.5 Sy 

The Mark I program event combinations t o  be reviewed are those 
which were previously found t o  control the torus shell s t ress  analysis as 

' bounding cases (Reference, 3) .  They are event combinations 2, 3, 14, 15, 
16, 18,  19, 20, 21 and 25 (Figure 5 ) .  However, some of these event 

. combinations can be eliminated from f u r t h e r  consideration w i t h o u t  
- i ncreasi ng the conservat i sm as fol lows: 

Event combinations 2 and 3 are bounded by event combinations 
14 and 15. 

The difference between event combinations, pairs 14 and 15, 
18 and 29, 20 and 21, i s  OBE versus SSE seismic loading. 
The SSE load i s  marginally larger (j.e., much less t h a n  20%) 
than  the OBE l oad  in a l l  cases. For these pairs, the higher 
event numbers ( i .e . ,  the SSE event) are Level C service 
limit events w i t h  a minimum 20% increase in allowable 
s t ress .  Therefore, the Level B lower event numbers 14, 18, 
and 20 will control the analyses. 
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. Therefore, the remaining event combinations to be reviewed are 14, 16, 18, 
20 and 25. 

Calculation of  the minimum thickness herein is based on'the 
determination of an equivalent pressure (Po) which will yield a hoop mem- 
brane stress equal to the event combination primary membrane or local 
stress intensity. Then, solving for the required minimum thickness based 
on compliance with the Code allowable stress intensity: 

where Po - equivalent pressure (psi} 
R - torus mean radius (166.292 jnches) 

. t - required thickriess (i.e., s 0.584 Inches) 

Table 1. provides the mlnimum thickness requirements as calculated 
in Appendix A far the  two torus shell locations adjacent to the ring gfrder 
(local shell region) and at midbay (free-shell region). Figures 6 and 7 
represent this data plotted as the permissible corroded thickness on the 
torus cross sections. As previously suggested, the thickness requirements 
adjacent t o  the ring girder extend longitudinally 9.8550 inches along 'the 
torus .shell. In addition, on the torus shell mitre slde o f  the r ing  
girder, the local region shall extend 9.8550 inches beyond the mitre away 
from the ring girder (Figure 4). The remainder of the torus shell is 
governed by the midbay thickness requirements. 

2.2 Permissible Local Reduction in Torus Shell Thickness for an Indi- 
cation 

An .indication, which may be found upon inspection o f  the torus 
shell ( f igure a),  may be acceptable if it does not meet the screening crt- 
teria of 2.1, Table I, for required shell thickness (Figures 6 and 7) 
provided that it meets the local stress criteria of the Code for  the par- 
t i cuf ar 1 ocati on of concern. 

/ 



A generalized compatibility analysis to determine the effect of a 
cylindrical depression on a uniform stress distribution was performed 
(Appendix B) for a large circular plate o f  constant thickness. 

Figure 6 for the free shell and Figure 7 f o r  the local shell 
regions of the torus are based upon this analysis using the necessary 
Vermont Yankee torus parameters. Therefore, If an fndicatfon is found fn 
these regions which does not meet the minimum wall thi'ckness requirements 
o f  'Table 1 or. Figure 6 (the permissible corroded thickness of the free- 
shell region) or Figure 7 (the permissible corroded thickness o f  the local 
shell region adjacent to the ring girder), the following procedure may be 
performed using the approprlate Figure 8 or 9. 

roceaure for use of Figures 8 and 9.for an indication in its 
final-blended and as-examined state is as follows: 

1. 

2. 

3 .  

4. 

5. 

Circumscribe the area o f  the Indication and measure t h e  
diameter (0). 

Determine the maximum indication depth (d}. 

Assure that  no additional indicatjons are found local to the 
circumscribed area within 24.64 inches or two-and-one-half- 
square-roots-of-mean-radius-times-thickness (i .e., 2.5m). 
If the criterion o f  step 3 is violated, repeat the procedure 
starting with step 1 and include any indications which 
violate the criterion of step 3 in the circumscribed area. 

Review Figure 6 or 7 to determine the arc region (S) of  the 
torus shell which contains the circumscribed indications 
resulting from step 1. 

/ 
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8. 

9 .  

If  the measured indication depth ( d )  I s  l e s s  than the per- 
missible corroded thickness from the appropriate Figure 6 or  
7, the indication i s  acceptable and the remaining steps 7 
through 9 may be skipped. 

Determine the Circumscribed diameter multiplier (F) from the 
table o f  Figure 8 or 9 based on the arc region (S) from step 
5. If the circumscribed indications extend in to  other arc 
regions, use the largest multiplier ( F ) .  

Determine the equivalent diameter (0’) which circumscri bes 
the indications: 

Using D‘ and the appropriate Figure 8 or 9 curve, determine 
the allowable indications depth d‘ and compare it t o  the 
measured depth d: 

Note t h a t  the’allowable depth (d’) shall be measured based 
on the uncorroded nominal shel l  thickness. Adjust the 
allowable depth (d‘) t o  account for  reduced wall thickness 
measured. Subtract the dlfference between the original wall 
thickness (To) and the measured wall thickness (t) from the 
allowable depth  (d’) t o  obtain the adjusted d’ .  See 
Appendix C for sampl e cal cul a t  i ons . 

3.0 VENT SYSTEM SHELL STRESS ANALYSIS 

TES has reviewed the calculation packages (References 9 through 16) 
and drawings (References 17 and 18) associated w i t h  the drywell vent system 
and has determined that the shell thicknesses used for  the vent system 

’ .  
,i 
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components during the Mark I Torus Requal ification Program analyses o f  
record were not reduced for corrosion. This philosophy was consistent with 
the decisions made for the torus shell as described in Section 2.0. The 
vent system components analyzed for shell stress are the vent pipe, vent 
pipe/header intersection, vent pipe/SRV Line penetrations, vent pipe/SRV 
Line support attachments, vent header, and downcomers. 

The Mark I Torus Program vent system analyses (References 10, 13 and 
14) were completed using a combination of hand calculations and two 
STARDYNE (Reference 8) models; a beam model (Figure 10) for general loading 
(Reference 9); and a detailed finlte-element model (Figure 11) for the 
downcomer/vent header intersection (References 11, 12 and 15). The less 
detailed beam model analysis was possible In this case for two reasons: 
first, because GE provided the BWR Owner's Group detailed stress 
intensification factors for each specific BMR vent pipe/vent header 
Sntersection and secondly, because the anticipated stress levels in the 
vent system based on the initial scoping analyses appeared to be well 
within Code allowables for a l l  components with the exception of the vent 
header at the downcomer intersect4 on. The vent header/downcomer 
intersection eventually required a modification to the downcomer pairs, tie 
b a r s ,  even with the use of significantly more refined analytical 
techniques. The shell analyses of the four vent pipe/SRV Line penetrations 
(Reference 16) were completed using a combination of hand calculatfons and 
one detailed finite-element STARDYNE model (Figure 12). The shell analysis 
o f  the vent pipe/SRV Line support attachments were completed using the 
computer program CYLNOZ (in accordance with WRC Bulletin 107, Franklin 
Reaseach Center, 1-16-80) and are included within the SRV Line penetration 
analysis package (Reference 16). 

Generally, as a result of low stress levels and in accordance with our 
five BUR ctients' wishes, the final vent system .analyses were completed 
using conservative bounding techniques to reduce costs and to provide 
timely results. Loads i n  m o s t  cases were combined absolutely for the two . j 
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event combinations analyzed. . These two event combinations (Reference IO), 
a poolswell event (event combination 19) and a vent system chugging event 
(event combination 21), were determined to conservatively bound the remain- 
ing twenty-five combinations listed in the structural acceptance criteria 
(Reference 6). ihe resultant stress intensities were also conservatively 
calculated without regard to location and were compared t o  Code allowables. 

PROJ. NO. 7YZd 

Based on our recent review of this work, it does appear that an addi- . 

ti0na.l margin exists for some o f  the vent system components with regard to 
minimum shell thickness requirements and the remaining shell thicknesses , 

available for corrosion to be reported on in Sections 3.1 and 3.2. It . 

should be noted that the aforementioned analysis conservatisms could be 
reduced, through a moderate effort, using less conservative stress analysis 
techniques and the presently available loads. 

3.1 Minimum Vent System She17 "Thickness Reouirementz 

TES has reviewed the vent system analysis packages (References 10 
and 11) to determine the minimum shell thickness requirements for each o f  
the major components: the vent pipe, vent pipe/header intersection, vent 
header and downcomers. The calculation o f  the minimum thickness 

' requirements herein (Appendix A.2)  is based on the methodology presented in 
Section 2.1 for the torus shell. _. ' 

As described in Section 3.0, because o f  the known available mar- 
gins, much o f  the vent system stress analysis was completed in a con- 
servative fashion by hand. In most instances the amount o f  data presently 
available without completing a more refined analysis for each of the major 
components is 1 imited. Therefore, additional conservative assumptions were 
required to determine the minimum vent system shell thickness requirements 
and resulting shell thickness remaining for corrosion for the major com- 
ponent locations as 'provided in Table 2. The vent pipe and vent header 

i thickness requirements are determined for the free shell and the local 
she71 regions adjacent to the vent mitred joint, the downcomers and vent 
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pipe/header intersection as defined in Figure 13. The downcomer thickness 
requirements are determined for the free shell and the local shell regions 
adjacent to the downcomer mitred joint as defined in Figure 16. The vent 
pipe/header intersection thickness requirements are determined in another 
calculation package (TES Calculation Package 7426-2) for the local shell 
regions adjacent to the vent pipe and vent header. The vent pipe thickness 
requirements are determined for the local shell regions adjacent to the SRV 
Line penetrations and SRV Line support attachments as defined in Figures 
19, 20 and 24 (SRV Ljnes A, B, C and 0). 

3.2 permissible Local Reduction in Vent System Thickness for an In df - 
cation 

An indication which may be found upon inspection o f  the vent 
system components - the vent pipe, vent pipe/SRV Line penetrations, vent 
pipe/SRV Line support attachments, vent header, downcomers and downcomer 
miters - may be acceptable i f  it does not meet the screening criteria o f  
3.1, Table 2, provided that it meets the local stress criteria o f  the Code 
for the part i cul ar 1 ocat i on o f  concern. 

The generalized compatibility analysis o f  Appendix 8, as 
described in Section 2.2, was used t o  perform these analyses as provided in 
Appendix 8.2 and Figures 14 through 25 herein. 

The procedure for the use o f  Figures 14 through 25 for an indi- 
cation in i t s  fins?-blended and as-examined s t a t e  i s  as follows: 

1, Circumscribe the area o f  the indication and measure the 
diameter (0). 

2. Determine the maximum indication depth (d). 



. .  . . . : ,  .. . : . .  . . .  . .  . . . _.. _._ ..-. . , .. _... ._ . ._.*. ,. . e. .. . . . . . 

CHKD. BY@&ATdz-/9-?r, ' SHELL THICKNESS REQUIREMENTS 
CALCULATION PACKAGE 7426- 1 

: I  . . .. 

PRQJ. NO. ' 

.Vent Pipe .250 40.625 

. Vent Pipe/SRV Penet . .250 40.625 

Vent Pipe/SRV Sup't .25O 40.625 

Vent Header ,250 28.625 

Vent System 
' ComDonent 

Thickness . Radius 2.5m 
i n  .Sn in 

7.97 

7.97 

7.97 

6.69 

4.31 
5.28 

Downcomer .250 11.875 
.37s 11.875 

4. If the criterion o f  step 3 is violated, repeat L e  procecJre 
starting with step 1 and include any indfcations which 
violate the criterion o f  step 3 in the circumscribed area. 

5. I f  the measured indication depth (d) is'less than the per- 
misslbte corroded thickness (remaining thickness) o f  Table 2 
for the appropriate location, the indication i s  acceptable 
and the remaining steps may be skipped. 

6. Review Figures I4 through 25 to determine the  appropriate 
curve f o r  the region o f  the vent system that contains the 
circumscribed indications 



9FTEL€DWE ENGINEERING SERVICES 

7 Y 2 6  
B Y E ~ D ~ ~ ~ ~  

7. Using D' and the appropriate figure and curve, determine the 
allowable indications depth d' and compare i t  t o  the mea- 
sured depth d: 

, 

. .  d s d '  

Note tha t  the allowable depth (d') shall be measured based 
on the  uncorroded nominal shell thickness. Adjust the 
allowable depth (d') t o  account f o r  reduced wail thickness 
measured. Subtract the difference between the  original  wall 
thickness (To) and the measured wall thickness ( t )  from the 
allowable depth (d')  t o  obtain the adjusted d' .  See 
Appendix C for sample calculations. 
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VERMONT YANKEE 
C H ~ .  aY&OATdt -/9-9& SHELL THICKNESS REQUIREMENTS 

CALCULATION PACKAGE 7426-1 

. .  

,/: 

PROJ. NO. yzd  

TABLE 1 

MINIMUM TORUS SHELL THICKNESS REQUIREMENTS 
VERMONT YANKEE NUCLEAR STATION 

.El em/Arc No. 
(Mid bay} 

27/S1 

.2s/s2 

23/53 

2 1/s4 

19/S5 

17/S6 

17/S7 

lS/S8 

13/59 

ll/S10 

(Ring Girder) 
159/S1 

153/S2 

147/S3 

141/S4 

132/S5 

132/S6 

126/S7 

120/sa 

11 4/59 

Required Thickness 
(inches) 

.236 

.269 

-305 

,352 

359 

.392 

,392 

.360 

322 

,259 

,150 

.I24 

,150 

.113 

.134 

.134 

.151 

.148 

.I81 

Remaining Thickness 
(inches) 

.34a 

,315 

.279 

,232 

.225 

.192 

.192 

.224 

,262 

.325 

.434 

,460 

.434 

,471 

.450 

.450 

.433 

.436 

.403 

NOTE: 'Only lower shell elements are listed. 



TABLE 2 

MINIMUM VENT SYSTEM THICKNESS REQUIREMENTS 
VERMONT YANKEE NUCLEAR STATION 

Component 
Location 

rent Pipe 

lent Header. ' 

lowncomer 

lowncomer 

tent Pipe at 
Drywe 1 1 

Vent Header at 
Mitre Joint 

Vent Header at 
Dow ncome r 

Downcomer at 
Mitre Joint 

Downcomer at 
Mitre Joint 

V P/S RV (A, 6 C 0) 
Penetration at 
Nozzl e Inter. 

VP/SRV (A,B,C,O) 
Penet. at Edge 
o f  Wagon Wheel 

VP/SRV (A,B,C,D) 
Penet. at Edge 
o f  3/4" Pad 

Lower Support 
.VP/SRV (A,B,c, 01 

She1 1 
'hickness (in) 

Required 
Thickness ( i n )  

.250 

i250 

.250 

.375 

.250 

,250 

.250 

.250 

,375 

.750 

.750 

.250 

.250 

.158 

. l l l  

.156 

.235 

.lo5 

.234 

.244 

. l o 4  

156 

.630 

.568 

.241 

.241 

Remaining 
Thickness (i n) 

,092 

.139 

094 

.140 

.145 

.016 

.006 

,146 

.219 

120 

.182 ' 

6 009 

.009 
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VERMONT YANKEE 

CALCULATION PACKAGE 7426-1 

BY  DATE /PZ/-% 
CHKD. BY#DAEI&&% SHELL THICKNESS REQUIREMENTS 

9PTELEDYNE ENGINEERING SERVICES 

7 L/Z6 PROJ. NO* 

-_-  - -  . 

. .  . . . . .  . .- 

. . .  

i 

ROTATED AXIS VIEW - VERMONT .YANKEE 
1/32 DETAILED SHELL MODEL 

FIGURE 1 . 



I IWELED+E ENGINEEWffi SERVlCES 
SHEETRO. 23 OF qA 
PROJ. NO. 7 V Z b  CHKD. B Y / & , D A ~ / Z - ~ ' - ~ ~  

BY - ~ . D A T E E ~ . L B ~  

MAXIMUM STRESS LOCATIONS-VERMONT YANKEE 
1/32 MODEL-UPPER 'HALF OF' SHELL 

FIGURE 2 



.. . >.._ .,....... : . .._....... .... 2 . ... . .... 

SHEET wo.2(/.oF% 
PROJ.NO. 7 Y z 6  

. .  

Max P,& 

-Max Pm 

P1 

MAXIMUM STRESS LOCATIONS-VERMONT YANKEE . 
1/32 MODEL-LOWER HALF OF SHELL 

FIGURE 3 



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

?WELEDWE ENGINEERING SERVICES 
SHEET NO,,- 25& O P . A ! L  

PROJ. NO. ‘7 q2 
BY EH.A. DATE,@&!& 

THICKNESS 

1.0 JZ= 9.8550” 

LOCAL TORUS SHELL STRESS REGIONS 
VERMONT YANKEE NUCLEAR STATION 

/ 

FIGURE 4 
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VYC-1032 'ATTACH M E  NJ 8 
... ._ ...  

I 

I(\"TELEDYNE ENGNEERIffi SFMCES 
27 4-6 SHEET WO..-OF 

PRW.NO. 7vz6 CHKD. BY~&DATE~~-Z  1-9 3 
BY E - . O A T ~  

PERMISSIBLE CORRODED THICKNESS FOR THE TORUS 
CROSS-SECTION AT MID-BAY (FREE SHELL REGION) 

VERMONT YANKEE NUCLEAR STATION 
- REACTOR 

(INSIDE) Arc Lengths 

St = 260.75" 

53 = 173.84" 
54 = 115.89" 

s2 = 231.78" 

ss = 57.95" 
S6 = 28.97" 
57 = 86.92" . 

S8 = 144.86" 

SI0 = 260.75" 
s9 = 202.81* 

N O k :  INTERMEDIATE 
VALUES MAY BE 
INTER PO LATE D 

8OfTOM 

FIGURE -6 
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3WELEDYNE ENClNEERlffi SERvlCES 
SHEET NO. z& OF v L  

CHKD. BY&,DATL! /z-zrcgo PROJ. NO. 7 q2 6 
BY E H f i  QATE&ZE&O 

PERMISSIBLE CORRODED THICKNESS FOR THE TORUS 
CROSS-SECTION ADJACENT TO RING GIRDER 

(LOCAL SHELL REGION) 
VERMONT YANKEE NUCLEAR STATION 

SI = 260.75" 

S3 = 164.18" 
S 4  = 106.23" 
s5 = 48.29" 
56 = 86.92" 

S 8  = 202.81" 
S9 = 260.75" 

52 = 222.f2" 

57 = 144.86- 

i 
NOTE: INTERMEDIATE ' 

VALUES MAY 8E 
INTERPOLATED 

t 

FIGURE 7 



PERMISSIBLE SIZE RANGE FOR INDICATION 
FREE SHELL REGION OF THE TORUS 
VERMONT YANKEE NUCLEAR STATION 

584" 
Tcor = 0.192" 

Tcor = 0.348" 
16.0 . 

i5.o 

14.0, F. . . . . . .  . .  .. 

. ' .  

.. 13.0 
.12.0 

11.0 

. f. - .  * . .  * 
I . .  . . . .  . . .  . * .  -. * .. 

ARC 
REGION 

FACTOR 
"F" 

GEN 
CORR. 
Tco r 

0.31 5 
0.279 
0.232 
'0.225 
0.1 92 
0.1 92 
0.224 
0.262 
0.325 

0.348 
.. ~~ 

0.776 ' 

0.828 
0.883 
0.948' 
0.9 57 
1 .ooo 
1.000 
0.958 
0.906 
0.81 2 

10.0 1 * .  ' .  . . .  . . .  ... . *. 
.. . 

I *  

SI 
S i  
s3 
s4 
s5 
S6 
57 
S8 
s9 

. s1u 

:::I 7.0 : : I \  i 
CL. 
D 
x '  f l  

: I  

i l  

: I  i l  6.0 1 L. 

5.0 

' 2.0 

d' (in) ..0.584 

FIGURE 8 



PERMISSIBLE SIZE RANGE FOR INDICATION 
RING GIRDER REGION OF THE TORUS 

. VERMONT YANKEE NUCLEAR STATION 

1 r Tcor, 

n 
. c  .- 
v 

II 
L 
X 
0 

16.0 

75.0 
, 14:O.- 

- 
- 

73.0 - 
.i.2.0 - 
11.0 

10.0 

9.0 
8.0 - 
7.0 - 
6.0 - 
5.0 - 

,.  4.0 - 
. ' 3.0 

- 
- 
- 

- 
'. '2.0 - 

1.0 - 

t .. - . .  . .  . . .  . . . .  . .  . . . . .  . . .  
* .. .. 

b .. .. . . . _  - .. - .  
& .  . ' 
f .: 
* .. 

* .  

.. 

. . .  

' .  
, .  

. . .  . . .  

.. .. . .  . .  . -. . - . -  . . .  .. 

. .  

i !i\ 

1 
Tcor = 0.471'' 

ARC FACTOR GEN 
REG1 ON "F" CORR. 

Tcor 

s1 0.9 31 0.434 
s2 0.830 0.460 

s4 0.792' 0.471 
s5 0.862 0.450 
S6 0.862 0.450 
57 0.91 5 0.433 
S8 0.904 0.436 
s9 i 1.000 0.403 

s3 0.91 1 0.434 

d' (in) 0.584 

i . 
FIGURE 9 



. .  

. .  

7 
I VENT HEADER INTERSECTION 

(STIFFNESS MATRIX I N P U T )  

SYMMETRY BOUNDARY 
CONDITIONS . 

VENT SYSTEM BEAM MODEL, 
VERMONT YANKEE NUCLEAR. STATION 

i 

FIGURE 10 



? 

VENT HEADER/DOWNCOME~ INTERS ECTXON MOD EL, 
VERMONT YANKEE NUCLEAR STATION 

FIGURE 11 



. .  

VENT PIPE/SRV LINES A THRU D PENETRATION STARDYNE 
COMPUTER MODEL, VERMONT YANKEE NUCLEAR STATION 

i 

FIGURE 12 
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?WELEDWE ENGINEERING SERVICES 
SHEETNO. 3q OF- 
PROJ.NO. 7 q  Zb 

BY ,€?HE U A T E L ~ W ~ ~  VERMONT YANKEE 
CHKD. BY&&DATE 1 

CALCULATION PACKAGE 7426-1 

FREE AND LOCAL SHELL REGIONS FOR THE VENT HEADER 
VERMONT YANKEE NUCLEAR STATION 

TYPICAL DOWNCOMER 



WTELEDYNE ENGlEsEERlNG SERv1CES 
SHEETNO. 35- OF- 46 

CHKD. 8Y PAOJ. NO. '7Lfz6 

PERMISSIBLE SIZE RANGE FOR 
VENT PIPE 

VERMONT YANKEE NUCLEAR 

n 
C 

D 

.- 
v - 

INDICATION 

STATION 

. .  

250" 

I T c o r  = 0.092" (VENT PIPE) 
1 

2.0 

1 .o 

0.0 

Tcor = 0.145" (AT DRYWELL) 

d' (in) 

, 

. .  . .  

. I .  . .  . .  . .  . .  . .  

. .  . .  

.50 

i FIGURE 14 . 



.. .. ... .. . . . . .  -. . . 
VYC-1032 ATTACH ME NT 8 

I WTELEWNE ENGNEEWNG SERVK=ES 
SHEefNO. 36 OP q' 
PROJ.NO. 7 y z 6  

BY.&!&!!.UATE- 

cma. BY&,DATE.&=&.@ 

PERMISSIBLE SIZE RANGE FOR INDICATION 
VENT HEADER 

VERMONT YANKEE NUCLEAR STATION 

. .  

Tcor = 0.006" (AT DOWNCOMER) 
or = 0.016" {AT MITRE) ' 

1.0 I 2-ol 0.0 

.* 
5 .  - .  . . .  . 
. . .  .. . '. * 

:.. : . .  . .  . 
* :. * .. '.. : . +.*I . .  

I 

1 

,250" 

or = 0.139" (VENT HDR) 

I S  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  
. .  . .  . .  . .  . .  . .  . .  . .  
. L  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  

d' (in) 

i 

FIGURE- 15 
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VYC.1032 ATTACHMENT 8 

WTELEDYNE ENGINEERING SERvtcES 
SWeTNO. 37 ‘OF Yb 
PROJ.10. 7q Z b  

FREE AND LOCAL SWELL REGIONS 
FOR THE DOWNCOMERS 

VERMONT YANKEE NUCLEAR STATION 

FIGURE16 ~ 
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VYC-1032 ATTACH ME NT B 

WTELEDYNE ENGINEERING SERVICES 

- 
b i l i  

PERMISSIBLE SIZE RANGE FOR INDICATION 
LOWER DOWNCOMER 

VERMONT YANKEE NUCLEAR STATION 

A 

U 
c .- 

6.0 

4.0 :j 3.0 

rcor = 0.094" (LOWER DOWNCOMER) 

rcot = 0.t46" (AT MITRE) 

, .  . 

i I :  
1.01 i : I :  

, I  . -  . .  . .  . .  . .  . -  . .  . .  
. .  . .  
. .  . .  . .  . .  * .  . .  . -  . .  . .  . .  . -  . .  . .  
6 .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . -  . .  . .  . .  . .  . .  . .  . .  . .  . .  * .  

d' (in) 

FIGURE 17 



VYC-1032 ATTACH ME NT B 

IIWELEDYNE ENGINEERING SERVICES 
SHEETNO. 37 OF Y d  
PROJ. NO. 4' 26 

PERMISSIBLE SIZE RANGE FOR INDICATION 
UPPER DOWNCOMER 

VERMONT YANKEE NUCLEAR STATION 

* a 

r' Tcor 

. .  . I . *. . . .  . *  -. . e .  . -.. 1 .  . .. 2.0 1: ; - :  . '. 

1 .o t 

375" 
I 

Tcor = 0.140" (UPPER DOWNCOMER) 

Tcor = 0.219" (AT MITRE) 
* * 

. .  

. *  : . . 

0.0 

d' (in) * .  

FIGURE 18 



WTEtEDYNE ENGINEERING SIERVK=ES 
! 

8HeLcTMO. % OF q L  
CHKD. BY&,DATE- PRQJ. UO. 7 y  BYfl/%/?. DATEf&m 

VENT SYSTEM VENT PIPE/SRV LINES A THRU D 
VERMONT YANKEE NUCLEAR STATION 

NOTE: 
1. (*) LOCAL REGION 
. ( 1 . m T  = 3.19”) FIGURE. 19 
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WELIEDYNE ENGINEERING SERvlcES 

- 

vy  c-l 032 ATTACH ME NT 

SHEET WO.L/ /OP& 

PROJ. NO. 7 q Z b  CHKD. BY-&&ATE / 24 -90  
BYEHE OATE/E&?Q 

LOCAL SHELL REGIONS 
VENT PIPE/SRV LINES A TBRU D PENETRATION 

VERMONT YANKEE NUCLEAR STATION 

VENT PIPE 
SHELL 

SECTION A-A . 
NOTE: 

I .  (.) VENT PIPE SHELL LOCAL REGION ( i . o 6 =  3-19”) 
2. (**) WAGON WHEEL low AREA 

FIGURE 20 
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VYC-1032 ATTACH.ME NT 6 

9FTEEDM ENGINEERING SERWES 
SHEET NO..-- Jz OF,&, 
PROJ. NO. 7 qzb 

BVk23&LbATE/&2L&4 

VENT 
PERMISSIBLE SIZE RANGE FOR INDICATION 
PIPE/SRV (A THRU D) AT NOZZLE INTERSECTION 

VERMONT YANKEE NUCLEAR STATION 

Tcor = 0.120- . 

L 

5.0 - 
I 

4.0 - n 
C '  .- 

W - 0 - 3.0 
- 

2.0 - 

1.0 - 
- 

7.0 

6.0 .. : . .  
e .  .. F ., .. 

d' (in) 

FIGURE 21 
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3FTELEDYNE ENGINEERING SERVICES 
SHEET NO. 4 3  O F 2 3 L  

PROJ. NO. 7 q Z 6  
Pceic,;Y, I 

cnm. BY 

VENT 
PERMISSIBLE SIZE RANGE FOR INDICATION 

VERMONT YANKEE NUCLEAR STATION 
PIPE/SRV (A THRU I)) AT EDGE OF WAGON WHEEL 

7 5” 

d’ (in) 

i 

FIGURE 22 



VYC-1032 ATTACHMENT B 
WTELEDYNE ENGINEERING SERVICES 

SHEET NO. 4/2/ OF g6 
PROJ. NO. 7 f ‘ f G  

%Y O A T E / m l  VERMONT YANKEE 
CHIID. BYk$&DATti ) j - 2 1 - 9 /  I . SHELL THICKNESS REQUIREMENTS 

CALCULATION PACKAGE 7426-1 I pevmah 1 I ‘  - 

PERMIS S IBLE 
1 /4” THICK 

. AT 
VERMONT 

SIZE RANGE FOR ,INDICATION 
VENT PIPE/SRV (A THRU D) 
EDGE OF 3/4” PAD 
YANKEE NUCLEAR STATION 

Tcor = 0.009” 
I 

n c .- 
v 

a 

6.0 

5.0 

4.0 

3.0 

2.0 

1 .o 

0.0 
0.050 0.100 0.150 0.200 0.250 

A 

d’ (in) 

i 

FIGURE 23 



‘ VYC-1032 ATTACH ME NT B 
IIWELEDYNE ENGlNEERING m E S  

SHEET N O . ~ . O F  45- Y6 
CHKD. B Y ~ D A T E  PROJ. UO. 7q26 BY E&DATE/&Z&O 

LOCAL SHELL REGIONS 

VERMONT YANKEE NUCLEAR STATION 
’ VENT PIPE/SRV LINES (A THRU D) LOWER SUPPORT ATTACHIT 

SRV LINE LOWER SUPPORT 

PLAN VIEW 
* SECTION’ A-A 

NOTE: 
1. (*) LOCAL REGION ( l , O K =  3.19”) 

i 

FIGURE .24 
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VYC.1032 ATTACHMENT B 
IIFTELEDYNE ENGNEERW SERVlCES 

SHetT NO..&OF& 
7%?6 

CHKD. 

PERMISSIBLE SIZE RANGE FOR INDICATION 
VENT PIPE/SRV (A THRU D) LOWER SUPPORT ATTACH'T 

VERMONT YANKEE NUCLEAR STATION 

5.0 6ol 
n 
C .- 
W - n 

a 

._ . 

. I 

. .  

. .  

. .  . .  . .  . .  . -  . .  
a * .  . .  . .  . -  . .  

i 

FIGURE 25 



. .  

bPPENDIX A 

TORUS AND VENT SYSTEM REQUIRED SHELL THICKNESS CALCULATIONS 

The calculations herein were performed using the Mark I Analysis o f  
Record for Vermont Yankee. The minimum thickness requirements are based on 
the analyzed state o f  stress for the postulated Mark I event combinations. 



IIPELEDYNE ENGlNEERING SEFMCES 
WEr N O . , ~ O F L  

CHKD. PROJ- NO. Y Z G  

VYC-1032 ATTACH ME NT 8 

. .  

APPENDIX A . l  

TORUS SHELL THICKNESS CALCULATIONS 



TORUS FREE SHELL REGION, PRZMARY MEMBRANE STRESS INTENSITIES AND RESULTANT 
THICKNESS 

The event 
thickness 

* 14 & 

* 16 

* 18 SI 

* 20  & 

REQUIREMENTS (FILE NAME: VYMB.HCD) PAGE 1 

combinations considered with respect to the Torus  shell 
requirements ate: 

15 The two bounding SBA/IBA cases which are Level B and C 
respectively. 

The O b P  Pool Swell Case which is Level D. 

25 The two bounding DBA bP Fool Swell Cases which are Level 
B and C respectively. 

21 The t w o  bounding DBA CO Cases which are Level B and C 
reepectioely. 

L i s t  prirnary'mernbrane etrees intensities (PM) for midbay elements 

E := 0 . .8  

Element I= PM14 := PM15 := PMl6 := PM18 I =  PM20 := PM21 I =  PM25 I =  

M i n i m u m  Torus Shell Thickness (T,in)r T I =  .584  

Event Combination PH Allowable Stress (SrPSi}: 
* 

Allowable Level 
S14 := 19300 Smc B 
S15 t =  38000 SY c 
516 := 39372 Sf 0 
S18 t =  19300 Smc B 
520 := 19300 s m c  B 
S21 := 38000 SY C 
S 2 5  := 38000 SY C 
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Determine the minimum thicknes8 (Tmin,in) for each primary membrane Stress 
intensity (PM) at each element: 

PM1S .T 
PM16 .T PM34 - T  E 

E Tminl5 := E 

E S 14 E S16 
Tminl4 := E s15 Tmfnld := 

PM20 * T  
E PM21 * T  PMl8 * T  

E Tmin2O :- E 

E SI8 E s2 1 
Tminl8 := E 520 Tmin2l t =  

PM25 'T 
E 

E s25 
Tmin25 := 

E 
0.245 

0.302 
0.322 

0.282 
0.254 
0.231 IO.O61] [ 0.053 I 

0.133 
0.165 
0.184 

0.183 

0.157 
0.139 
0.122 

Determine the maximum required thickness (Treq,in) and the remaining 
thickness available for corrosion (Tcor'in), for: each element: 

Treq t =  if > Tminl5 ,Tminl4 ,Trninl5 

Treq := if ,Treq ,Trnin16 

Traq := if ,Treq ,Tminl8 

> Tmin2O ,Treq ,Tmin?O 

Treq := if > Tmin21 ,Treq ,Tmin2l 

E E E 

E 1 
1 
1 

E E E 

E E E E 

E E E E 

E E E E 

1 > Tmin25 ,Treq ,TminZS 
E E E E ,,: 

Tcor := T - Treq 
E E 
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Determine t h e  m a x i m u m  e t r e e a  per E l e m e n t  ( P H m a x , p a i ) r  

PMmax := if = Trninl4 ,PI414 E .O] 
E E 

1 
1 
1 
1 - T m i n 2 l  E ,PM21 E ,PWmax E 1 

PMmax :e i f  0 T m i n l S  fPH15  ,PWmax E 

PMmax t r  i f  = T m i n l 6  ,PM16 ,PKmax E 

PHmax x =  if L. T m i n l e  ,PI418 ,PMmax E 

PHmax t =  i f  = Train20 .PM20 ,PMmax E 

E E E 

E E E 

E E E 

E E E 

PMmax I =  i f  
E 

PMmax t =  i f  = T m i n 2 5  ,PH2S ,PMmax 
E E 

E 
E 

E l e m e n t  

2 5  
27 

T r e q  TCOt P m a x  

.. 

1 0 6 2 8  
11883 
12957 
11870 
11639 
10094 

7796 
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Maximum and Minimum Values of TCor: 

MinTcor I= min(Tc0r) 

MaxTcor := ma%(Tcor) 

KfnTcor = 0.192 

MaxTcor = 0,348 

Corroeion thicknese (Tcor,in) VS Element 

0.4 

0 I 3 

Tcor 
E 

0 .  2 

0.1 I I I I I I 
0 1 2 .  3 E . s  6 'I a 

Refetenceet 
(211. 

(6)  2. 

TES calc .  Pkg. ID 5319-20, Rev. 1, "Vermont Yankee Torus 
Shell Analysie' br DXSTRES Computer Output, Seq. No. ASOTBRQ. 

Mark 1 Containment Program, structural Acceptance Criter ia ,  
Plant Unique Analyeis Application Guide, D o c u m e n t  No. 
NEDO-24583-3, October 1979.  

( q ) 3 .  ASMk Boiler and Preesure Veaeel Code, Section 111, D i v i a i o n  
1, Subsection NE, Class HC Veseels, 1974 E d i t i o n  Through 
Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2,  Mark I Plant U n i q u e  
Analysis for Vermont Yankee, N c v .  30,  1983. 

0) 4.  

. .  
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TORUS RING GIRDER REGION, PRIMARY LOCAL MEMBRANE STRESS INTENSITIES AND 
THICKNESS REQUIREMENTS (FILE NAMEt.VYRG1.MCD) PAGE 1 

6668 
62 62 
6093 
2731 
3896 
4798 
,5014 
7452 

RESULTANT 

The event 
thickneea 

BOTTOM OF 

8952 

7488 
.6656 
5609 . 
7430 . 
6162 

&7314 . 

7458. 

* 14 ti 

. 

* 16 

114 
120 
126 

. 132 

. 141 
147 
153 
159 

it  18 6 

“11758 
8912 
9238 
3965 
5073 
6580 
1790 

, 1 2 5 8 3  

* 2 0  c 

SHELL 
combinations considered with respect to the Torus Shell 
requirements arei 

15 The two bounding SBAIZBA cases which are Level B and C 
respectively. 

The OSP Pool Swell Case which is L e v e l  D. 

25 The two bounding DBA 6P Pool Swell Cases which are L e v e l  
E and C respectively. 

21 The two bounding DBA 
respectively. 

List primary ’local 

PLl4 := 

5146 
6570 

membrane stress 

PL15 := .PL16 := 1’4 
5237 

. 6 7 5 5  
5 2 8 5  

CO Casea w h i c h  are Level E and C 
. .  

inteneities (PL) for ring girder element 

PL18 := PL20 := .PL21 := PL25 := 

3516 

6205 

7614 
6305 
7672 

M i n i m u m  Torus Shell Thlckoeee (T,in)r T := .584 , 

Event combination PL Allowable Strees 

514 := 19300 smc , 

S15 := 38000 SY 
S16 := 39372 S f  
518 I =  19300 smc 
520 := 19300 Smc 
521 := 38000 . SY 
S25 := 38000 SY 

.Allowable 
(S,psi): 
Level 

B 
C 
D 
B 
B 
C 
C 

. 
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114 
120 
126 
132 
141 

, 147 
153 I 
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. 159 

TORUS RING GIRDER REGXON, PRIMARY LOCAL MEMBRANE STRESS INTENSITIES A I D  
PAGE 2 

BOTTOM OF SHELL 
Determine the minimum thickness (Tmin,fn) for each primary local membrane 
s t r e s a  i n t e n e i t y  (PL) at each element: 

RESULTANT THICKNESS REQUIREMENTS ( F I L E  NAME: VYRGleMCD) 

PL15 'T 
PLl4 * T  E PL16 -T 

8 TminlS := E 
Tminl4 := E 1.5 .515 Tminl6 I =  

E 1.5.814 * E 1.5-516 

PL18 -T E PL21 - T  
PL20 'T 

E TminZO := E 
Tminl8 := E 1 5 . 5 2 0  TmLn21 := 

E 1.5.Sl8 E 1.59s21 
PL25 *T 

E 
Tmin25 := 

E 1 . 5 . 5 2 5  

Tminl4 TminlS 

0 . 0 5 4  

Tminl6 

0.116 

0.091 
0.039 

0 .  oaa 

0.065 
0 . 0 7 3  
0.124 

Tminl8 

0.112 
0.096 
0.095 

0.057 
0.071 
0.078 
0.125 

Tmin20 

0.181 
0.148 
0.151 
0 134 
0.113 

0.124 
0 . 1 5  

TmLn2 1 

0 .095  
0 . 0 7 7  
0 . 0 7 7  

0.059 
0 , 0 7 8  
0 . 0 6 5  
0 .079  

Tmin25 

0.068 
0 - 064 
0.062 
0 028 

0 049 
0.051 
0.076 

Determine t h e  maximum required thickneee (Treq,in) and the remaining 
thickness available for corrosion (TCOf,in), fer each element: 

1 > TminlS ,Tminl4 ,Train15 
E E " E E 

3 , Treq := if > Tmfnl6 ,Treq ,Tmlnl6 
E .  E E E 

1 
1 
1 *' 

1 

> Trninl8 ,Treq ,TminlEl  

> TminZO ,Treq ,TmFn2O 

> Tmin21 ,Treq ,Tmin21 

> Tmin25 ,Treq ,Train25 

E E E E 

B E E . E  

E E E E 

i E E E E 
Tcor := T - Treq 

E .  E 
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114 
120 

, 1 2 6  
, 132 
I 141 

.: 1 5 9  

' 147 , 
153 , 

RESULTANT 
BOTTOM OF 
Determine 

PLmax := 
E 

PLmax := 
E 

PLmax := 
E 

PLrnax := 
E 

PLmax := 
E 

PLmax :* 
E 

PLmax t =  
E 

SHELL 
the  m a x i m u m  e treae  per E l e m e n t  ( P L m a x , p s i ) r  

ss Tminl4 , P L 1 4  t o ]  
E E 

v y c - m z  ATTACH ME NT B 
1 

I .  

= T m i n l 5  ,PL15 , P L m a x  

= T m i n l 6  , P L 1 6  ,PLmax 

= T m i n l 8  , P L l 6  , P L m a x  

E E E 

E E E 

E E E 

1 
3 

= Tmin20 ,PL20 ,PLmax 
E E E 

= Tinin21 , P L 2 1  , P L m a x  

= Tmin25 r P L 2 5  ,PLm€iX 

E E ' E  

E E 
E 

Treu Tcbr PLmax - 
0.181 
0 .148  
0 . 1 5 1  
0.134 
0.113 

0 . 1 2 4  
0.15 

i 
I .__ 

5609 
7430  
6162 
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TORUS RING GIRDER REGION, PRIMARY LOCAL MEMBRANE STRESS XNTENSITIES AND 
RESULTANT THICKNESS REQUIREMENTS (FILE NAXE: VYRGI.MCD) PAGE 4 
BOTTOH OF SHELL 
Maximum and Minimum Values of Tcorr 

MinTcor t =  min(TC0r) 

MaxTcor I *  max(Tcor) 

MinTcor = 0.403 

MaxTcor = 0.471 

Corroeion thickness (Tcor,in) VS Element 

0 . 4 8  

0.4 

0 . 4 b  

0 , G  
. .  

Tcor 
E 

References: 
(2) 1. TES Calc. Pkg. ID 5319-20, Rev. I, "Vermont Yankee Totus 

Shell Analysisw & DISTRES Computer Output, Seq. No. A30TBRQ. 

(6) 2. 'Mark I Containment Program, Structural Acceptance Criteria, 
. . Plant Unique Analyais Application Guide ,  Document No. 

NEDO-24583-1, October 1979. 

'($ 3. A S M I  Boiler and Pressure Veeeel Code, Section 1-11, Division 
1. Subsection NE, Claee HC Vessels, 1974 Edition Through 
Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Mark X P l a n t  Unique 
Analyeis for Vermont Yankee, Nov. 30, 1983. 

(3) 4 .  
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APPFNDIX A.2 

VENT SYSTEfi THICKNESS CALCULATIONS 

The vent system thickness calculations were performed using a similar 
methodology to that o f  the’ torus she1 1 i n  A . l .  

.. 
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APPENDIX B 

PERMISSIBLE INDICATION SIZE CALCULATIONS 

The general calculations contafned in this appendix consider the dis- 
continuity effects resulting from a localized indication t o  determine the 

. range o f  permissible indication sizes in the presence o f  general membrane 
stresses for Class MC pressure vessel. 

. .  
B . l  and B.2 use the general results to specifically address the torus 

shell and vent system range o f  permissible indication sizes. 
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APPENDIX B .1  

TORUS SHELL RANGE OF INDICATION SIZES 

Specific dimensional data,  the analyzed state o f  stress and the Code 
allowable stress intensity for the torus are used to determine the range of 
permissible indication sizes f o r  the  torus shell. 

The results are based on the  primary membrane stress intensities o f  
A . l  and the general calculations for Class MC vessels provided in t h i s  
append1 x . 
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TORUS FREE SHELL REGION, RANGE OF INDICATION S f X E S  
(FILE NAME: RedVYMB.NCD) . 
Permissible Local Reduction i n  Thickness: 

E := 0 . .8  

Element := PMmax t =  Primary Membrane Streee (PNmax,psi) 

23 
23 

27 

Element 

2 5 .  

Element 

21 

2 7  

PAGE 1 

10628 

12957 

11639 
10094 

Minimum Torus Shell Thickness' ( T , L n ) :  

Shell Mean Radius (R,in)r 
R x =  166.292 

Allowable Stress (S,psi): 
S := 19300 

T t =  0.584 

T 
Equivalent Pressure:  PO t =  PMmax * -  

E R  E 

PO 

Indication Diameter Factor ( X ) :  

X 
Maximum and Minimum Values of X: 

Xmax.:- max(X) Xmax = 0.0831 

Xmin := min(X) Xmin = 0.0645 



TORUS FREE SHELL REGION, RANGE OF INDICATION SIZES (FILE- NAME: RedVYXB.XCD) PAGE 2 

Normalizakion of Thicknese Reduct ion  Curve For Torus Shells 
, .  

L t =  0 ..11 

K1 r =  K2 t =  

' 0 .0  

0 . 5  

0 . 7  
0 . 8  

0.844 

0 .6  

K1 = d/T 

K2 = (D/T)*((PO/S)**1/2] 

Depth of I n d i c a t i o n  (d,  i n )  r 

D i a m e t e r  of Indication 
per Fmaxz 

d := X 1  .T 
L L 

K2 
L 

DxFmax := - 
xmax L 

K? 
L 

D i a m e t e r  of Indication DxFmin := - 
X m i n  per Pminr L 

x .  .E 

Normalized Values o f  Xr 

d DxFmax DxFmfn 

F := - 
E Xmax 

Element 

21 

2 5  
27  

F 
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TORUS FREE SHELL REGION, RANGE OF INDICATION SIZES 
(FILE NAME:RedVYMB.MCD) PAGE 3 
GRAPH - DIAMETER OF INDXCATrON (D,in) VS DEPTX OF INDICATION (d,in) 

Minimum & m a x i m u m  thlcknees available for corrosion (MfnTcor,MaxTcor,in)r 
MinTcot :x 0.192 NaxTcor := 0 . 3 4 8  

I L; L 1 L L 
< MaxTcor,MaxTcor,d Minlcot,MinTcot,d 

20 
1% 

3 
' 12 

L 
b 

2 
0 

DxFmin 

References: 
.- (2) 1- 

r l r )  3- 

( 3 )  4.' 

For Maximum Stressed Shell Element (F = 1.0) 

I I I I I 
0 . 0  0.1 0 62 dl 0.5 Q.b 0.7  

L 

I I I \ I  I i 

0 . 0  0.1 0,2 62  
' I  L 

TES C a l c .  Pkg. ID 5319-20, Rev. 1, *Vermont Yankee Torus 
Shell Analyeis" & DISTRES Computer Output, Seq. No. A3OTBRQ. 

Kark r Containment Program, Structural Acceptance Criteria, 
Plant Unique Analyeie Application Guide, Document No. 
NEDO-24583-1, October 1979. 

ASHE Boiler and Pressure Veeeel Code, Section 111, Division 
I, Subsection NE, Claae MC Vesaela, 1974 Edition Through 
Summer 1977 Addenda. 

TES Technical R e p o r t  TR-5319-1, Rev. 2, Mark I Plant Unique 
Analysis for Vermont Yankee, Nov. 30, 1983. 



VYC-1032 ATTACHMENT 8 

?WELEDWE ENGINEERING SEFWCES I 

( F I L E  NAME: 
Permissible 

TORUS RING GIRDER REGfON(BOTT0M OF SHELL), RANGE OF I N D I C A T I O N  SIZES 
R e d V Y R G l  .HCD) PAGE 1 
Local Reduction i n  Thickness: 

Element : = 

141 

I59 

Element 

141 
147  

159 

Element 

141 
147 
153 
1 5 9 .  

PLrnax t =  
E 

PO 

X 
E 

Primary Local Membrqne S t r e a s  (PLmax,psi) 

Minimum Torus S h e l l  Thickneae (T,in): 

S h e l l  Mean Radiue (R,in)t 
R := 166.292 

A l l o w a b l e  Stress (S,psi)z 
S := 19300 

T 
Equivalent Preeeurer PO := P t m a x  . -  

E E R  

T 8' 0 .584  

Indication Diameter Factor (X): 

E T 

Maximum and Minimum Values of X: 

Xmax ,:= max(X) ' xmax = 0.0691 

Xmin := min(x) X m i n  .I 0.0547 



TORUS R I N G  GIRDER REGION(BOTT0H OF SHELL), RANGE OF INDICATION SIZES (FILE NAMlr RedVYRG1.MCD) PAGE 2 

Nozmalization of Thicknees Reduction Curve For Torus Shell: 

L := 0' ..11 

K1 := 

0.4 
0.5 

0.8 
0.844 
0.9 

K2 := 

0.284 
0.126 

d 

0.058 
0.117 
0.175 
0.234 
0.292 

0.409 
0.467 
0.493 
0. f26 
0.584 

DxFmax 

K1 = d/T 

K2 = (D/T)*[{PO/S)**l/P] 

Depth of Indication ( d , i n ) :  

I 

Diameter of Indication 
per Fmaxr 

Diameter of Indication 
per Fminr 

Normalized Values of Xt 

D X F m h  

19.596 
16.434 
13.875 
11.754 

7.659 
5.192 
2 303 

d := K1 * T  
L L 

K2 
L 

DxFmax := - 
xmax L 

K2 
L 

DxFmin := - 
L Xmin 

X 
E 

F := - 
E xmax 

Element F 

0.915 
0 . 8 6 2  

14 1 0.792 
147 0.911 

159  0.913 
0.83 



TORUS RING GIRDER REGION(BOTT0M OF SHELL),  RANGE OF INDICATION SIZES 
(FILE NAME: RedVYRG1,HCD) PAGE 3 
GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in} 
Minimum & maximum thicknese available for corrosion (XFnTcor,MaxTcor,in): 

MinTeor :* 0.403 MaxTcor t =  0.471 

/Y  
17. 

DxFmax 

1 L L 1 L t 
< MaxTcor,MaxTcor,d < WinTcor,MinTcor,d 

I . I /Y  
17. 

DxFmax 
* 

I . I 
I 

b t  
I I I C I I 

1 1 n I I 
L #  

30 
21 
24 
21 
1 %  

L 
4 
Q 
3 
0 1  I I I I 

. DxFmin 

I I 

0 . 0  0.1 0 , Z  d2 0.5 O ' b  - 3  
'. L 

References: 

") . TES Calc. Pkg. ID 5319-20, Reo, 1, "Vermont Yankee Torus 
Shell Analysis" & DISTRES Computer Output, Soq. NO. A30TBRQ. 

I 
I i 

( 6 )  2,  Mark I Containment Program, Structural Acceptance criteria, 
P l a n t  Unique Analysis Application G u i d e ,  Document lo. 
NEDO-24583-1, October 1979. 

ASNE Boiler and Pressure Vesael Code, Section III, D i v i s i o n  
1, Subsection NE, Claes MC Veasel.a, 1974 Edition Through 
Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Mark I Plant Unique 
Analysis for Vermont Yankee, Nov, 30, 1983. 

(CI) 3. 

(3) 4.' 



VYC-1032 ATTACH MENT B 

94TELEWNE ENGINEERING SERVICES 
8H€T!T W.&OF& 

CHKD. 6Y/&bATE/z-/9-~9 PROJ. NO- 7v 
I S Y E H A _  o*YE/P-/9-99 

L\PPENDIX B.2 

VENT SYSTEM RANGE OF INDICATION SIZES 

The range of indication sizes for the vent system components - t h e  
vent pipe, vent pipe/SRV Line penetrations, vent pipe/SRV Line support 
attachments, vent. header, ' and downcomers - were calculated using the A.2 
primary membrane stress intensities as well as vent system specif ic  
dimensions by the same procedures utillted for the torus shell (8.11. 



c 



VYC-1032 ATTACH ME NT 6 
I,FTEEWNE ENGINEIERING S€RWCES 

BY t&A OATE- M(LmNo.&zz OF qt 
CHKD. B Y R ~ ~ ~ D A T E / ~ - / L ~ - ~ ~  Y3b 

CALCULATION PACKAGE 7426-1 

VENT PIPE GENERAL AND LOCAL, RANGE OF INDZCATfON S f Z E S  
(FILE NAME:VENTVY.MCD) PAGE 1 

PERMISSXBLE REDUCTION IN THICKNESS: 

Primary Membrane Streea (Pmax,peF)t Pmax I -  12203 

Minimum S h e l l  Thickness (T,in)t T := 0.25 

S h e l l  Mean RadLua (R,in)r 

Allowable Stress (S,psi): 

T 
E q u i v a l e n t  P r e s s u r e  : PO I= Pmax*- 

R 

Indication Diameter Factor ( X ) :  
T 

NORMILIZATION OF THICKNESS REDUCTION CURVE: 

L :.= 0 ..I1 

A 1  := 

0.844 

K2 $=  

1.072 
0.899 
0.759 
0.643 
0.535 
0.419 

0.126 
0.284 

0 . 0  

R :e 40.625 

S t =  19300 

PO = 7 5 . 0 9 5  

X = 0 . 2 5  

Kl = d/T 

KZ - (D/T)*[(PO/S)**1/21 
Depth of Indication (a, i’n) t d t =  X1 - T  

L L 

Diameter of Indication 
per P% 

K2 
L 

DxF := - 
L X 



i 

I ?WELEDWE ENGINEERING S€F?VICES 

f CALCULATION PACXAGE 7426-1  -, 1 

VENT PIPE GENERAL AND LOCAL, RANGE OF INDICATION SIZES 
(FILE NAMB:VENTVY.MCD) 

Depth and Diameter of Indication: d DxF - . 
0 . 0 2 5  

0.075 

0 .  I25 

0 .175  

0.211 
0 . 2 2 5  
0 .25  

GRAPH - DIAMETER 06 INDICATION (D,in) VS DEPTH OF INDICATION ( d , i n )  

Minimum Thickness available for corrosion (Tcor,in)r Tcor := 0 , 0 9 2  

1 < Tcor,TCor,d 
L L 

For Maximum Stressed Shell Element (F 
I 1 10 

9 
B 
7 
b 

DxF 
L 
3' 
2 
1 
0 

= 1.0) 

PAGE 2 

L 
TES Calculation Package ID 2252-5,  Rev. 1, "Vent Beadar 
and Intersection W i t h  Main Vent, C o m b i n e d  Loads ,  
Vermont Yankee," Jan. 17, 1983. 

Hark I Containment Program, Structural Acceptance 
Cri ter ia ,  Plant unique Analyaie Application Guide, 
Document Number NEDO-24583-1, October 1979, 

ASME Boiler And Pressure Vessel Code, Section 111, 
Diviaion 1, Subsection NE, Class MC Vessels, 1974  
E d i t i o n  through Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Mark I Plant 
Unique Analysis for Vermont Yankee, November 30, 1983. 



VENT HEADER, VENT X E A D ~ R  AT MXTRE JOINTS, VENT HEADER AT DOWNCOMERS, 
RANGE OF INDICATION SIZES(B1LE NAMErVHVY.HCD) PAGE 1 

PERHISSIBLE REDUCTION I N  THICKNESS: 

. Primary Membrane Streset 
V e n t  Header (Pmax1,psi) . 
V e n t  Header at Mitre J o i n t  (Pmax2,paf)r 
Vent Reader at Downcomer (Pmax3,psi)r 

m a x i  := 8568  
Pmax2 := 27137 
Pmax3 s =  36719 

Hinimum S h e l l  T h i c k n e s s  (TI i n )  L T :- 0 . 2 5  

Shell Mean Radium (R,in)r . R ;= 2 8 . 6 2 5  

A l l o w a b l e  Strees ( S , p e i )  t I S t =  19300 

Equivalent Pressure: 

V e n t  Header: PO1 := Pmaxl. - PO1 = 7 4 . 8 3  
T 

R 

T 

R 
V e n t  H e a d e r  a t  Mitre Jointr PO2 := P@axZ*- PO2 - 237.004 

T 

R 
V e n t  Header a t  Downcornerr  PO3 := Pmax3.-  PO3 = 320 .69  

Indicat ion D i a m e t e r  Factor ( i )  t 

X I  = 0 . 2 4 9  
T 

V e n t  Headert 

V e n t  Header a t  Mitre Jo int :  X 2  : p  x2 = 0.443 
' .  T 

V e n t  Header at D o w n c o m e r r  
T 

X3 = 0.516 



I)WEL€DYNE ENGlNEERING S€€?VlC€S 

2 .  a67 
2 . 4 1 8  

, 2 . 0 2 8  
1 .712 
1 . 4 5 1  
1.207, 

VENT HEADER, VENT HEADER AT MITRE YOINTS, VENT HEADER AT DOWNCOMERS, 
RANGE OF INDICATION SIZES(FILE NAME:VHVY,HCD) 

NORMILIZATION OF THICKNESS REDUCTION CURVE: 

PAGE 2 

0 . 6 4 1  
0.284 

0 
0 
0 

L := 0' ..11 

0 ,  
0 
0 

K1 := K2 := K1 = d/T 

H 0.4 a 
0.844 

1 . 0 7 2  
0 i 899 
0.759 
0; 643 
0.535 
0 . 4 1 9  

0.126 
0.284 

K2 = (D/T)*[(PO/S)**1/2] 

Depth of Indication ( d , i n ) :  d := K1 .T 
L L 

Diameter of I n d i c a t i o n  per F: K2 
L 

Vent Header: DxFl := - 
L x 1  

K2 
L 

Vent Header a t  H i t r e  J o i n t :  DxF2 I =  - 
L x2 

Vent Header a t  Downcomer: 
/' 

K2 
L 

DxF3 := - 
L , x3 

d DxFl DxF2 DxF3 

0.025 

0.075 

0 . 1 2 5  

0.175 

0 . 2 1 1  
0.225 
0.2s 



1 CALCULATION PACKAGE 7426-1 I 

VENT HEADER, VENT HEADER AT MITRE JOINTS, VENT HEADER AT DOWNCOMERS, 
RANGE OF INDICATION STZES(F1LE NAHEzVHVY.MCD) PAGE 3 

GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTK OF INDICATION (d,in) 

Thickness available for corrosion (Tcor,in): 

Vent Header t 

Vent Header 
at M i t r e  Joint: Tcar2 :* 0.016 d2 t =  i f [ d L  TcorZ,Tcor2,d 

Vent Header 
Tcor3 := 0.006 d3 := Ff d < Tcor3,Tcor3,d at Downcomers: 

1 t L  L 

I 
I [ L  L 

Tcorl I =  0.139 dl t =  if d Tcorl,Tcorl,d 
L 

L L 
0 
0 

L 
For M 

5 
4 s  
4 

'3.5 

DxF1 ,DxF2 ,DxF3 
L L L 

2 
1.S 

I 

0.5 
0 

0 0. OS 0 . l  dl ,d2 pd3 0.2 0.25 0.3 
L L L  

! 

References- pO)l. TES Calculat ion Package ID 2252-5, Rev. 1, "Vent Header 
And Intereection With Main Vent, Combined Loads, 
Vermont Yankee," Jan. 17, 198.3. 

Mark I Containment Program, Structural Acceptance 
Criteria, Plant  Unique Analysis Application Guide ,  
Document Number NEDO-24583-1, October 1979. 

(t) 2. 

(4) 3. ASME Boiler And Pressure Vessel Code, S e c t i o n  111, 
Division 1, Subsection NE, Class MC Vessels, 1974 
Edition through Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Nark I Plant 
Unique Analysis f o r  Vermont Yankee, November 30, 3983. 

Tes Calculation Package ID 2252-4, Rev. 1, "Combined 
Loads, Vent Xeader-Downcomer Intersection, Vermont 
Yankee," Jan. 17, 1983. 

(3) 4.  

(11) 5 .  
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vyc.1032 ATTACH 8 
9\'7"EEDWE ENGNERING SEWCES 

BY a DAlEjz-rJ-%L. If VERMONT YANKEE 3 ~ e m t .  R-28 OF q z  

CHKD. 6V&" DATE 17-f.8413 SHELL THICKNESS REQUIREMENT 
CALCULATION PACKAGE 7426-1 

PROJ. NO. ''DL 

DOWNCOMERS(3/6" THK) GENERAL AND LOCAL-, RANGE OF INDICATION SIZES (FILE NAME:VYDOWN3..MCD) PAGE 1 

PERMISSIBLE REDUCTION IN THICKNESSt 

. Primary Membrane Stress .(Pmax,pei): 

Minimum Shell Thickness (T,in): 

Shell Mean Radius (R,in): 

Allowable Stress ( S , p s i )  I 

Pmax := 12071 

T := 0.375 

R := 11.875 

S := 19300 

* .  
Equivalent Pressure: PO := Pmax- - 

R 

I n d i c a t i o n  Diameter Factor ( X ) :  

NORMILIZATION OF TBICKNESS REDUCTION CURVE: 

L := 0 ..I1 

K1 := 

0 . 6  
0 .7  
0 . 8  

0.844 
0.9 
1.0 

R2 := 

1.271 
I. 0 7 2  
0 . 8 9 9  
0 .759  
0 .643  
0 .535 
0 .419  
0.284 
0.126 

0.0 

IC1 d/T 

K2 = (D/T)*[(PO/S)**1/2] 

PO = 381.189 

x = 0 . 3 7 5  

Depth of Indication (d,in)r d :=.Xl - T  
L L 

. K2 
L 

Diameter of I n d i c a t i o n  DxF := - 
per F: L 11 

. .  . 



V YC.1032 ATTACH ME NT 

slm5wo. 8-25 OF 4/2 
CHKD. BYFA$ DATE Iz-&$o No- 7L(ab 

CALCULATION PACKAGE 7426-1 

B Y + 4 E *  P A T g a e  

DOWNCOMERS(3/8" THK) GENERAL AND LOCAL, RANGE OF INDICATION SIZES (FILE NAMEzVYDOWN3.HCD) PAGE' 2 

Depth and Diameter of Indication: d DxF 

2.399 
2.025 
1.716 
1 e 428 
1.118 
0.758 
0.336 

GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in) 
Minimum Thicknesa available for corrosion (TCOtvin): Tcor I= 0.140 

I 5 TCor,TCor,d 
L L 

5 4s 
3 .s 
3 

L 
1.5 

b 
0.5 

0 

DxF 

For Maximum Stressed Shell Element (F = 1.0) 
I I I 

0.1 b.2 d 0.4 0 . 5  
L 

Referencee$o)l. TES Calculation Package ID 2252-5, Rev. 1, uVent Header 
And Intersection With Main Vent, Combined Loads, 
Vermont Yankee,l Jan. 17, 1983. 

Mark I Containment Program, Structural Acceptance 
Criteria, Plant Unique Analysis Application Guide, 
Document Number NEDO-24583-1, October 1979. 

(I$) 2 .  

(q) 3. ASME Boiler And Pressure Vessel Code, Section 111, 
Division 1, Subsection NE,  Class XC Vessels, 1974 
Edition through Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Mark I Plant 
Unique Analysis for Vermont Yankee, November 30, 1983. 

(3) 4. 

8 



DOWNCOMERS(1/4" THK) GENERAL AND LOCAL, RANGE OF INDICATION SIZES 
(FILE NAXE:VYDOWNZS.MCD) 

PERMISSIBLE REDUCTION IN THICKNESS% 

Primary M e m b r a n e  S t r e s ~  (Pmax,psi): 

Minimum Shell Thfcknesa (T,in): 

Shell Mean Radius (R,in): 

Allowable Strees (S,psi): 

PAGE 1 

Pmax := 12071 

T := 0.25 

R := 11.875 

S :- 19300 

T E q u i v a l e n t  Pressure: PO I =  Pmax*- 
R 

Indication Diamet,er Factor (X): T 

NORMILIZATION OF TKICKNESS REDUCTION CURVE: 

L := 0 ..11 

PO = 254.126 

x = 0 . 4 5 9  

Kl :* 

0 . 5  

0.8 
0.844 

. 0.9 
1.0 

K2 := 

1.271 
1,072 KZ = (D/T)*[(PO/S)**l/Z] 
0.899 
0.759 
0.643 Depth of Indication (d,in)r L 
0.535 
0.419 
0.284 K2 
0.126 L 

DxF I; := - X 

K1 = d/T 

Diameter of I n d i c a t i o n  
0 . 0  per F: 



DOWNCOMERS(1/4" THK) GENERAL AND LOCAL, RANGE OF INDICATION SIZES 
(FILE NAXE:VYDOWN25.MCD) 

2 

L 
\ 

DxB 

Depth and Diameter of Indication: 

I 

I I 

d 

0.025 

0.075 

0.125 

0.175 

0.211 
0.225 
0.25 

DxF 

GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION 

Minimum Thickness available for corrosion {Tcor,in): Tcor := 

L 1 d := if [dl < Tcor,Tcot,d 
L 

F = 1.0) 

PAGE 2 

0 0.1 d 0.2 0.3' 
L 

Referencee(jP)l. TES Calculation Package ID 2252-5, Rev. 1, "Vent Header 
And Intersection With Main Vent, Combined Loads, 
Vermont: Yankee," Jan. 17, 1903. 

Mark I Containment Program, Structural Acceptanc'e 
Criteria, Plant Unique Analysis Application Guide, 

. Document Number NED0-24583-lr October 1979. 

ASHE Boiler And Pressure Vessel Code, Section 111, 
Division 1, Subsection NE, Claes MC Vessels, 1974 
Edition through Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Mark I Plant  
Unique Analysis for Vermont Yankee, November 30, 

(6) 2 .  
. 

('f}3. 

(?)4. 
1983. 



VERMONT YANKEE 
By p\J\E.,t( DATE! fZ-ib-?O 

By-- SHELL THICKNESS REqUIREMENTS - 7431' 



VYC.1032 ATTACHMENT B 



ay P[GC( DATE.-..UAW~ VERMONT YANKEE I 
CHKD. 6 Y & , D A T E B  SHELL THICKNESS REQUIREMENTS 

CALCULATION PACKAGE 7426-3  

VENT PIPE/SRV(A,B,C,D) AT NOZZLE INTERSECTION (ELEMENT 7i), 
RANGE OF INDICATION SIZES‘ (FILE NAME:VYNOZ.MCD) 

PERMISSIBLE REDUCTION IN THICKNESS: 

Primary Membrane Stress (Pmax,pai): 

Minimum S h e l l  Thickness (T,in): T z =  0 . 7 5  

Shell Mean Radius { R , i n ) :  

Allowable Stre8e (S,psi): S t =  19300 

PAGE 1 

Pmax := 24302  

R := 40,875 

T 
PO :a Putax*- 

R 
E qu i v a 1 ent Pr e 5 s u r  e t 

Indication Diameter Factor ( X ) :  X = 0,203 
T 

NORMILIZATION OF THICKNESS REDUCTION CURVE: 

L := 0 ..11 

K1 := 

0 . 7  

0.844 
0.9 
1.0 

K2 t =  

1.072 
0.899 
0.759 
0.643 
0 ..535 
0.419 
0.284 
0.126 

0 . 0  

Kl = d/T 

K2 = (D/T)*[(PO/S)**1/2] 

Depth of Indication (d ,  ili) t 

Diameter of I n d i c a t i o n  
per F: 

d := K1 - T  
L L 

K2 
L 

DxF := - 
L X ’  



VENT PIPE/SRV(A,B,C,D) AT NOZZLE INTERSECTION (ELEMENT 71), 
RANGE OF INDICATION SIZES (FILE NAME:VYNOZ.MCD) 

Depth and Diameter o f  Indication: d 

0 . 3 7 5  

0 . 6 7 5  

DxF 

5 . 2 8 9  
4 .436 
3.745 
3.173 

2 . 0 6 7  
1.401 
0 . 6 2 2  

GRAPH - DIAMETER OF INDICATION ( D , F n )  VS DEPTH OF INDICATION (d,in) 

Thicknee8 available for corrosion (Tcor,in)r Tcor := 0.120 

I .  d := if d < TcorrTcof,d L 
L L 

For M F = 1.0) 
7 
b 
5 

DxF 
L 
t 

I 

0 
0.1 0.2 0.3 e34 d a& 0.b Dal 0 . 8  

PAGE 2 

L 
References-161. TES Calculation Package fD 5313-28, Rev. 

P i p e  Penetration Stress Evaluation -Vermont Yankee - s/Rv 
L i n e s  A to D,” May 3, 1983. 

O r  uSRV - Vent { 

fb) 2. Mark I Containment Program, 
Criteria, Plant Unique Analysis Application Guide, 
Document Number NEDO-24583-1, October 1979. 

ASME Boi ler  A n d  Praasure Vessel Code, Section XII, 
Divislon 1, Subsection NE, 
Edition through Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Mark 1 Plant 
Unique Analysis for Vermont Yankee, November 30, 1983. 

Structural Acceptance 

($3. 
Class MC Vesselsr 1974 

0)  4. 



VENT PIPE/SRV(A,B,C,D) AT WAGON WHEEL (ELEMENT 3 5 ) g  
RANGE OF INDICATION SIZES (FILE NAMEzVYWW.MCD) 

PERMISSIBLE REDUCTION XN THICKNESS: 

Primary Membrane S t r e e s  (Prnax,pei): 

Minimum S h e l l  Thickneea (T,in)r 

Shell Mean Radius ( R , i n ) r  

Allowable Stress ( S , p e i ) :  

T Equivalent Prseeurer PO := Paax'- 

R 

Indication Diameter Factor ( X ) :  
T 

NORMILIZATION OF THICKNESS REDUCTION CURVE: 

L := 0 ..11 

K1 := K2 := 

0 . 6  

0.8  
0 . 8 4 4  

0.9 
1.0 

K1 = d l T  

Depth of Indication (d,in)t 

Diameter of Indication 
per F: 

Pmax := 21932 

T := 0 . 7 5  

R := 4 0 . 8 7 5  

S I =  19300 

PO = 402.422 

x = 0.193 

d := K1 * T  
L L 

K2 
L 

DxF := - 
L X 



VENT PIPE/SRV(A,B,C,D) AT WAGON WHEEL (ELEMENT 3S), 
RANGE OF INDXCATION S I Z E S  (PILE NAME:VYWW.MCD) 

Depth and Diameter of Indication: d 

0 . 0 7 5  

0 .22s  

0 . 3 7 5  

0 .525 

0.633 
0.675 
0.75 

DxF 

6 . 6 0 2  
5 . 5 6 8  
4 .669  
3 . 9 4 2  

2.779 
2.176 
1 .475  
0 .654  

GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in) 
Thickness available for corrosion (Tcor,in)r Tcor := 0.182 

1 < Tcor,Tcor,d 
L L 

For M 
7 
b 
5 

'DxF 
L 

2 
t 
0 

F P 1.0) 

PAGE 2 

0.1 b.2 0.3 d O , t  0.7 0 . 8  
L 

References:@)l. TES Calculation Package ID 5329-28r Rev. 0, ,. RV - V e n .  
P ipe  Penetration Stress Evaluation -Vermont Yankee - S/RV 
Lines A to D," May 3, 1903. 

Mark I Containment Program, Structural Acceptance 
Criteria, Plant Unique Analysia Application Guide, 
Document Number NEDO-24583-1, October 1979. 

ASME Boiler And Preseura Veaeel Code, Section 111, 
D i v i s i o n  1, Subsection NE, C l a s s  HC Vessels, 1974 
E d i t i o n  through Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Hark I Plant 
Unique Analysis for Vermont Yankeer November 30, 

(t$)2. 

( 4 1 3 .  

'(314. 
1983. 



1 CALCULATION PACKAGE 7426-1 I 

VENT P I P E / S R V ( A , B , C , D )  AT EDGE OF 3 / 4 ~  THK PAD (ELEMENT 71, 
RANGE OF IND'ICATION SIZES (FILE NAME :VYPAD . MCD 

PERMISSIBLE REDUCTION I N  THICKNESS: 

PAGE 1 

P r i m a r y  Membrane Stress (Pmax,peF): 

' Minimum S h e l l  Thicknese (T,in)t 

Shell Mean Radius (R,in)r 

Allowable stress ($,psi): 

T 
Equivalent Pressure: PO D -  Pmax*- 

R 

Ind ica t ion  Diameter Factor ( X ) :  

NORMXLIZATION OF THICKNESS RgDUCTION CURVE: 

L :- 0 ..11 

K 1  := 

0 . 6  

0 .8  
0 . 8 4 4  

Pmax := 27922 

T := 0 . 2 5  

R := 4 0 . 6 2 5  

s 2 '  19300 

PO = 171.828 

x = 0 . 3 7 7  

R2 := 

1.271 
1.072 
0,899 
0.759 
0.643 
0.535 
0 .419 
0.284 
0.126 

0 . 0  
0 . 0  

X 1  - d / T  

K2 = (D/T)*[(PO/S)**l/2] 

D e p t h  of Indication ( d , i r i ) x  d := IC1 * T  
L -L 

K2 
L 

Diameter o f  I n d i c a t i o n  DxF := - 
per Fx ' L  X 

i 



VYC-1032 ATTACH MENT B 
?FEEDYNE ENGIMEEtING SERVICES 

Smm)(O. 4-39 OF qz 
PROJ. NO.- 

BY 

VENT PIPE/SRV(A,B,C,D) AT EDGE OF 3 / 4 "  TBK PAD (ELEMENT 7 ) ,  
RANGE OF INDICATION SIZES (FILE NAME:VYPAD.MCD) PAGE 2 

Depth and Diameter of Indication: d DxF 

0.125 1.418 
0.15 1.11 

0 . 7 5 2  0 . 1 7 5  
0.334 

0.211 
0.225 
0.25 

GRAPH - DIAMETER OF INDICATION ( D , i n )  VS DEPTH OF INDICATION (d,in) 

Thickness available f o r  corrosion (TcOr, i n )  : Tcor I =  0.009 

1 d t =  i f  [". < Tcor,TCor,d 
L L 

Far H 
4 

3 

DXF 
L 

1 

0 

F = 1.0) 

0 0.1 d o ,a 0.3 

Referencea:(/L)l. T E S  Calculation Package ID 5319-28, Rev. 0 ,  "SRV - Vent 
Pipe Penetration Stress Evaluation -Vermont Yankee - S/RV 
Line8 A to DIN May 3, 1983. 

(6) 2. Mark I Containment Program, Structural Acceptance 
Criteria, Plant Unique Analysis Application Guide, 
Document Number NEDO-24583-1, October 1979. 

ASHE Boiler And Pressure Vessel Code, Section IfI, 
Divieion I, Subsection NE, Class HC Vessels, 1974 
Edition through Summer 1977 Addenda. 

TES Technical Report TR-5319-1, Rev. 2, Mark I Plant 
Unique Analysis for  Vermont Yankee, November 30, 

(q) 3. 

(3)4. 
1983. 
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VYC- io32 ATTACH M E N  B 
I 

VENT PIPE/SRV(AIB,C,D) AT LOWER SUPPORTI RANGE OF INDICATION SIZES 
(FILE NAHE:VYSUP.MCD) 

PERMISSIBLE REDUCTION IN THICKNESS: 

Primary Membrane Stress (Pmax,psi): 

Minimum Shell Thickness (T,in)z T : = ' 0 . 2 5  

Shell Mean Radius (R,in]: R := 40.625 

Allowable Stress (S,psi)t S z =  19300 

PAGE 1 

Pmax := 27886 

Equivalent Pressure: 
T 

Po := Prnax-- 
R 

PO = 171.606 

Indication Diameter Factor ( X ) :  x = 0 . 3 7 7  

NORMILIZATION OF THICKNESS REDUCTION CURVE: 

L := 0 ..11 

K1 := K2 t =  

Xl = d/T 

K2 = (D/T)*[(PO/S)**1/2] 

Depth of Indication (d, in) : 

Diameter of Indication 
per F: 

d := X 1  . T  
L L 

x2 
= .  

DxF := - 
L X 



VYC-1032 ATTACHMENT B 

VENT PIPE/SRV(A,B,C,D) AT LOWER SUPPORT, RANGE OF INDICATION SIZES (FILE NAME:VYSUP.HCD) PAGE 2 

Depth and Diameter of Indicat ion:  d 

0.025 

0 . 0 7 5  

0.125 

0.175 

0.211 
0 . 2 2 5  
0 - 2 5  

DxF 

lol 

Thickness available for corrosion (Tcor,in): Tcor := 0.009 

1 c TCor,Tcar,d 
L L 

For Maximum Stress8d Shell Element (F = 1.0) 
I I I I 4 

3 

DxF 
L 

1 

0 
0 0,I d 0,2 0.3 

L 
TES Calculation Package ID 5319-28, Rev. 0 ,  *SRV - Vent 
Pipe Penetrat ion Stress Evaluation -Vermont Yankee - S/RV 
Lines A to D," May 3, 1983. 

Mark I Containment Program, Structural Acceptance 
Criterga, Plant Unique Analysis Application Guide, 
Document Number NEDO-24583-1, October 1979. 

ASME Boiler And Pressure Vessel Code, 
Divieion 1, Subeection NE, Class BfC Vessels, 1974 
Edit ion through Summer 1977 Addenda, 

TES Technical Report TR-5319-1, Rev. 2, Mark f plant 
Unique Analyais for Vermont Yankee, November 30, 1983. 

Section 111, 



bPPENDIX C 

SAMPLE TORUS SHELL CALCULATIONS FOR POSTULATED INDICATIONS 



SHELL THICKNESS REQUIREMEicrS 
CALCULATION PACKAGE 7426-1 

I 
I 
I 

VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDfCATION SAMPLE CALCULATION 81 

- 9.8550” 3-1 9.8550” - 
- - c -  c - - 

MIOBAY 
1 

10.316” 1 

R=24.64” I I 
I 
I CORRODED AREA ’ I CLUSTER OF PITS 

(OUTS I DE) 

LOCATION 

TORUS 
8OiTOM 

I 

Li =7 1.258” 

L2 = 87.320’’ 

D= 1 6.062” d=0.0325” 

t = 0.58 4” 

1 



M H O .  e 4  OF / L  

VERMONT YANKEE TORUS SHELL 
TORUS SHELL XNDICATlON SAMPLE CALCULATION #A 

STEP 1 Circumscribed diameter o f  indication area 
D = 16.062" 

STEP 2 Maximum depth o f  indication d - 0.0325'' 

STEP 3 Confirm that  no additional indications are found within a 24.64" 
radius. J confirmed. 

,STEP 4 I f  'Step 3 is violated, re-circumscribe the area and re-determine 
"D" and "d" 

STEP 5 Determine arc region(s) from appropriate Figure 6 or 7. . 

J Free shell region, Figure 6 
Local shell region, Figure 7 

L1 = 71.258'' Lies in Arc Region S l  
L2 = 87.320" ties in Arc Region S A  

S 4  Permissible Corroded Thickness, tcor = 

$4 Permissible Corroded Thickness, tcor = 
0.232" 
0.232" 

STEP 6 Check if measured indication depth I s  less than the permissible 
corroded thickness (tcor). 

Permissible Corroded Thickness = tcor = 
Indication Depth = d = 

0.232" 
0.0325" 

J , d tcOr, then indication is acceptable, stop, s k i p  
rema i n i ng steps . 

d > tcor, then continue. 



VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATlON 81 

STEP 7 

STEP 8 

STEP 9 

Determine circumscribed diameter multiplier. 
(F) From the table o f  Figure 8 or 9. 

Free Shell Region, Figure 8 
Ring Girder (Local) Shell Region, Figure 9 

S-, Factor "F" = 
s - 9  factor "F" = 

Largest mu1 tip1 ier factor "F" = 

Determine equivalent diameter (0') which circumscribes the 
indications . 
D ' = D x F  
D' = ' X  5: 

Using D' and appropriate Figure 8 or 9, determine the allowable 
indication depth (d') 

- Free Shell, Figure 8 
- Local Shell ,  Figure 9 

Allowable Depth d' = - 
Adjust allowable depth (d'adj) to account for reduced wall 
thickness measured. 

* 

Original Mall thickness, To = 
Measured Wall Thickness, t = 

Adjusted d' = d' - (To - t) = 
Indication Depth, d = 

-> d 
- 9  d > Adjusted d ' ,  Weld Repair'Required. 

0.584" 

Adjusted d', Indication i s  Acceptable. 



VERMONT YANKEE TORUS SHELZ 
TORUS SHELL INDICATION SAMPLE CALCULATION #2 

(OUTSIDE) 

L1 = 1 33.1 22” 

L ~ = N / A  

D = 4.28 5” d = 0.2 8 1 ” 

t = 0.5 8 4” 

1 TORUS 
BOTTOM 

I 



VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION f 2  

STEP 1 

STEP 2 

STEP 3 

STEP 4 

STEP 5 

STEP 6 

Circumscribed diameter o f  indication area 
D =  4 . 2 a v  

Maximum depth o f  indication d - 0.2 81 I' 

Confirm that no additional indications are found within a 24.64" 
rad1 us. ' I confirmed . 
If Step 3 is violated, re-circumscribe the area and re-determine 
"0" and "d" 

Determine arc region(s) from appropriate Figure 6 or 7. 

I Free shell region, Figure 6 
Local shell region, Figure 7 

11." 133.122" Lies in Arc Region S L  
Lp =I N/A Lies in Arc Region S- 

S A  Permissible Corroded Thickness, tcor = 0.279"/0.315" 
S- Permtssible Corroded Thickness, tcor - 
Check if measured ind ica t ion  depth . i s  less than the permissible 
corroded thickness (tcor]. 

Interpolated tco, = .279" + ( .315-2791--------- - - - - - - - -  = .290" 
(133.122"-~15.89") 

(173.84* -1 15.89' ) 

Permissible Corroded Thickness = tcor - 
Indication Depth = d = 

0.290" 
0.281" 

J , d 5 tc-r, then indication i s  acceptable, stop, skip 
remaining steps. 

-* d > tcor, then continue. 



~- 

V Y c4  032 ATTACH ME N T 8 

VERMONT YANKEE TORUS SHELt, 
TORUS SHELL INDICATION SAMPLE. CALCULATION #2 

STEP 7 Oetermine circumscribed diameter rnultipl ier. 
(F) From the tab le  o f  Figure.8 o r  9. 

Free Shell Region, Figure 8 
Ring Girder (Local) Shell Region, Figure 9 

S-, Factor "F" = 
S-, Factor "F" = 

Largest mu1 t i p 1  ier factor "F" =I 

STEP 8 Determine equiva lent  diameter (D') which circumscribes the 
indications. 

O ' P D X F  
D' = ' X  s 

STEP 9 Using D' and appropriate Figure 8 or 9, determine the allowable 
indication depth (d'). 

Free Shell, Figure 8 
Local Shell, Figure 9 

Allowable Depth d' - 
Adjust allowable depth (d'adj) to  account for reduced wall 
thickness measured. 

* 

Original Wall thickness, To = 
Measured Wall Thickness, t = 

0.594" 

Adjusted d' = d' - (To - t) = 
Indicatlon Depth, d = 

, d 5 Adjusted d', Indication is Acceptable. 
, d > Adjusted d', Weld Repalr Required. 



VERMONT YANKEE TORUS SHELl 
.TORUS SHELL INDICATION SAMPLE CALCULATION #3 

(OUTSIDE) Tb-1 i;’ L1 ~55.125”  ’ 

L~=N/A 

1 

I 



VERMONT YANKEE TORUS SHELL, 
TORUS SHELL INDICATION SAMPLE CALCULATION 83 

STEP 1 

STEP 2 

STEP 3 

STEP 4 

STEP 5 

. : 

STEP 6 

Circumscribed diameter o f  indication area 
D = 5.707" 

Maximum depth o f  indication d = 0.267" 

Confirm that no additional indications are found within a 24.64" 
radius. J confirmed. 

If Step 3 is violated, re-circumscribe the area and re-determine 
"D" and "d" 

Determine arc region(s) from approprjate Figure 6 or 7. 

J Free shell region, Figure 6 
' Local she14 region, Figure 7 

. .  

L1 = 55.125'" Lies in Arc Region S-5- 
t 2  a ,_ . N/A , Lies i n  Arc Region S- 

, ' S l  Permissible Corroded Thickness, tear = 0.225"/0.232" 
S- Permi si b7 e Corroded Thi chess, tcor = 

Check i f  measured indicat ion depth is less than the permissible 
corroded thickness (tcor). 

Permissible Corroded Thickness - tcor = 0.225"/0.232" 
Indication Depth - d = 0.267" 

, d 5 tcOr, then indication i s  acceptable, stop ,  skip 
remaining steps. 

J , d > tcOr, then continue. 



SHEETNO. C-io OF 

PROJ. NO. 7J e CHKD. BY&&~DATE/E&& 
BY fcRz: DATE /2-/?-$-3 

VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDICATION SAMPLE CALCULATION #3 

STEP 7 

STEP 8 

STEP 9 

Determine circumscribed diameter mu1 tiplier. 
(F) From the table o f  Figure 8 or 9. 

J Free Shell Region, Figure 8 
L__ Ring Girder (Local) Shell Region, Figure 9 

S A ,  Factor "F" = 0.957 
S-i Factor "F" = 

Largest multiplier factor "F" - 
Determine equivalent diameter (0') which circumscribes the . 

indications. 

O ' = D X F  
D' = 5.707" x 0.957 = 5.462" 

Using 0' and appropriate Figure 8 or 9, determine the allowable 
indication depth (d'). 

0.957 

1 Free Shell, Figure 8 I 

Local Shell, Figure 9 

Allowable Depth d' = 0.368" 

Adjust allowable depth (d'adj) to account for reduced wall 
thickness measured. 

Original Wall thickness, To - 
Measured Wall Thickness, t = 

Adjusted d' = d' - (To - t) = 
Indication Depth, d = 0.267" 

* 

0.584" 

0.355" 

0.571" 

J d 2 Adjusted d', Indication is Acceptable. 
, d > Adjusted d', Weld Repair Required. 

i 



16 W . X , O F  

PROJ. NO. ‘ ‘‘ 
VERMONT YANKEE TORUS SHELL 

TORUS SHELL INDICATION SAMPLE CALCULATION #4 

MIDBAY 

I 
I 
I 
I 
I 
I 
1 

I 4 9.8550” 

I 
--f J. 6.31 2” 

/ 
/ 

I 

\ 
\ 
\ 

& R=24.64” 
I 

- 4 9.8550” + 

I- - 
FREE SHELL LOCAL SHELL FREE SHELL 

i I 

+ 
1 

r(. 

IN D 1 CAT ION 

(OUTS1 

TORUS 
BOTTOM 

I // / 

Li ~38 .125”  
L2 = 43.25 3” 

D=6.312” d=0.277” 

9 



VYC-1032 ATTACH MEN T B 

.3VTEL€DYNE ENGINEERING S€FMC€S I 

-NO. c-/z OF ' 6  
CHKD. BYE~ZDATEEE~%~ PRO& NO. 7 ~ 6  

CALCULATION PACKAGE 7426-1 

By ,&/ D*TE/it'/%7.. 

VERMONT YANKEE TORUS SHELL 
TORUS SHELL INDlCATION SAMPLE CALCULATION 84 

STEP 1 

STEP 2 

STEP 3 

STEP 4 

STEP 5 

STEP 6 

Circumscribed diameter o f  indication area 
0 = 6.312'' 

Maximum depth o f  indication d = 0.277" 

Confirm that no additional indications are found within a 24.64" 
radius. J confirmed. 

If Step 3 is vlolated, re-circumscribe the area and re-determine 
"D" and "dn 

Determine arc region(s) from appropriate Figure 6 or 7. 

Free she17 reglon, Figure 6 
J Local shell region, Figure 7 

L1 - 38.125" Lies in Arc Region S A  
L2 = 43.253" Lies in Arc Region S A  

S A  Permissible Corroded Thickness, tcor = 0.450"/0.471" 
S A  Permissible Corroded Thickness, tcor = 0.450"/0.471" 

Check I f  measured indication depth is less than the permissible 
corroded thickness (tc-r). 

Permissible Corroded Thickness = tcor = 0.450"/0.471" 
Indication Depth = d = 0.277" 

J , d 5 tcor, then indication i s  acceptable, stop, sk ip  
remaining steps. 

- 9  d > ic-r, then continue. 



m M 0 .  c-/3 OF / I z  
7 V 2 b  

7 /  
D A ~ / ? " $ - P U  

CHKD. BYk%&ATE,&?&& 

STEP 7 

q STEP 8 

STEP 9 

. . . '  YFRMONT YANKEE TORUS SHELZ 
TORUS SHELL INDICATION SAMPLE CALCULATION d4 

Determine circumscribed di ameter mu1 tip1 i er. 
(F) From the table o f  Figure 8 or 9. 

Free Shell Region, Figure 8 
- Ring Girder (Local) Shell Region, Figure 9 
S-, Factor "F" = 
s-9 Factor IF" - 
Largest multiplter factor "F" = 

Determine equivalent diameter (D' )  which circumscrlbes the 
indications. 

D ' - D x F  
D' = ' X  - 
Using 0' and appropriate Figure 8 or 9, determine the allowable 
indication depth (d'). 

- Free Shell, Figure 8 - Local Shell, Figure 9 
Allowable Depth d' = 

Adjust allowable depth (d'adj) t o  account for reduced wall 
thickness measured. 

* 

Original Wall thickness, To = 
Measured Wall Thickness, t = 

Adjusted d' - d' - (To - t) = 
Indication Depth, d = 

, d 

0.584'' 

Adjusted d ' ,  Indication is Acceptable. 
, d > Adjusted d', Weld Repair Required. 



VYC-1032 ATTACHMENT 8 

1 I 
I 
I 

I 
I 

VERMONT YANKEE TORUS SHELL, 
TORUS SHELL INOICATION SAMPLE CALCULATION 85 

I 
1 - 
- 

9.8550” 4 9.8550” 
t =  

L h  - (OUTSIDE) 

i 



C - k P  op /& 
7L/ZG WXD. BY&&TI&%%! PROJ. NO. 

* L & g h D A T E / m  

/ 

VERMONT YANKEE TORUS SHELL 
TORUS SHELL. INDICATION SAMPLE CALCULATION #5 

STEP 1 

STEP 2 

STEP 3 

STEP 4 

STEP 5 

S7EP 6 

Circumscribed diameter o f  Indication area 
D -  2 .261w 

Maximum depth o f  indication d - ' 0.451" 

Confirm that no additional indications are found within a 24.64". 
radius. J confirmed. 

If Step 3 is violated, re-circumscribe the area and re-determine 
"D" and "d" 

Determine arc region(s) from appropriate Figure 6 or 7. 

Free she'll region, Figure 6 
Local shell region, Figure 7 

L1 = .221.75" Lies in Arc Region S2_ 
L2 = 223.573" t i e s  .In Arc Region S A  

S_l Permissible Corroded Thickness, tcor = O.46Of' /0 .434" 
S _ L  Permissible Corroded Thickness, tcor = 

Check I f  measured indication depth is less than the permissible 
corroded thickness (tcor) 

Permissible Corroded Thickness = tcor = 
Indication Depth = d = 

0.434" 

0.434'' 
0.451" 

, d tcor, then indication is acceptable, stop, skip 
remaining steps. 

J , d > tcor, then continue. 



VYC-1032 ATTACH M E N  T 8 

7FTELEDYNE ENGINEERING S€RMCES 1 

SHEETNO. ' - I L  O F A  

PROJ. NO. 7qz6 

VERMONT YANKEE TORUS SHELt 
TORUS SHELL INDICATION SAMPLE CALCULATION 85 

STEP 7 Determine circumscribed diameter multiplier. 
(F) From the table o f  Figure 8 or 9. 

- Free Shell Region, Figure 8 
J Ring Girder (Local) Shell Region, Figure 9 

S 2 ,  Factor "F" = 0.830 
S A ,  Factor "F" = 0.913 

Largest multiplier factor "F" - 0.913 

STEP 8 Determine equivalent diameter (D') which circumscribes the 
indications 

D ' F D x F  
D' = 2.261" x 0.913 = 2.064" 

STEP 9 Using D' and appropriate Figure 8 or 9, determine the allowable 
indication depth (d'). 

- Free Shell, Figure 8 
J Local Shell, Figure 9 

Allowable Depth d' = 0.461" 

Adjust.  allowable depth (d'adj) to account for reduced wall 
thickness measured. 

* 

Original Wall thickness, To = 
Measured Walt Thickness, t = 0.576" 

Adjusted d' = 6' - (To - t) 
Indication Depth, d = 0.451" 

-? d > Adjusted d', Weld Repair Required. 

0.584" 

0.453" 

J , d Adjusted d' ,  Indication i s  Acceptable. 
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VERMONT YANKEE 
QATE/2’27‘’a STRESS INTENSIFICATION FACTORS 

I 

No* ’’ cp 
9VTELDYNE ENGINEERING sERvIC€S 

I CALCULATION PAKCAGE 7426-3 1 

1 .o INTRODUCTION 

The Vermont Yankee Nuclear Statfon has recently determined tha t  i t  i s  
necessary t o  extend the remainfng l i f e  prediction of the Mark I Torus Sup- 
pression Chamber Vent Pipe/Header Intersectlon w i t h  respect t o  wall t h i n -  
ning due t o  anticipated overall corrosfon. The thickness requirements were 
prevlously based on vent header stress resul ts  calculated from generically 
derived s t ress  intensification factors. These resul ts  are considered t o  be 
overly conservative for the thickness requirements i n  more moderately 
stressed regions o f  the vent header. ‘ In this context, TES has developed 
stress intensificatlon factors specliflc t o  t h e  various structural  elements 
of the  vent header and i n  particular the region which i s  most affected by 
corrosfon. Quantitative resul ts  of this analysis are presented i n  this 
report as well as the methodology used t o  develop these factors. . .  



?WEEDYNE ENGlNEfiRlNG SERVICES 
BY v ?  D A E . & ! ? e l  VERMONT YANKEE 
CHK . B Y = D A T E / ~ ~ , / ~ ~  STRESS INTENSI FICATTON FACTORS 

CALCULAT€ON PACKAGE 7426-2 

SHE= NO. 4 OF 5 3  
PROJ. NO. '7yz G 

2.0 BACKGROUND 

The Mark I Program was completed w i t h  the most eff ic ient  methodology 
available f o r  demonstrating Code compliance, while minimizing cost and 
reducing the overall schedul e requf rements. 

However, TES &el ieves that  Stress Intensification Factors (S IF 's )  
developed by finite-element analysis f o r  the Mark I Program by Bechtel and 
reported by General Electric i n  GE NEDE-21968, "Analysis of Vent Pfpe - 
Ring-Header Intersections, " Apri 1 1979, Ref. 1.0, contained substantial 
conservatism w l t h  regard t o  many regions of the vent header. The intent 
o f  the SIF's was that they be used t o  factor the mechanical and pressure 
s t resses  in the torus ring header adjacent t o  the vent header t o  determine 
the maximum combined vent header shell stress intensity. These S I F ' s  
eliminated the need for a detailed finite-element shell model: of the ent i re  
vent system. The plant specific modelling e f for t  f o r  the vent system was 
completed using the simple beam model representatlon shown i n  Figure 2-1 
reducing man power and cost. T h i s  approach worked well for  the 
demonstration of overall Code compliance, b u t  the shortcoming w i t h  t h f s  
approach is that  the detailed vent header s t resses  in the location of 
concern w i t h  respect t o  corrosion are unknown. In  this analysis t h e  

original vent header SIF's are further refined% t o  reduce the level of 
conservatism present and t o  provide additional' margin on the calculated 
permi ss ible  corroded thicknesses (tc, corrosion a1 lowance) . 



3 -0 ANALYTICAL METHOD 

' 3.1 General 

Under the Mark I Program, generic s t ress  analyses using f in i te -  
element computer models were performed on the vent intersection types for . 
the various plants. The objective was t o  generate generic values o f  stress 
intenslfication factors t o  be used with the plant'unique analysis performed 
using beam models, ' These factors were applied t o  the beam stresses and the 
resu l t s  used t o  evaluate the vent pipe-ring header intersection. For t h e  
vent header.type of fntersection which applies t o  Vermont Yankee, Ref. 1.0, 
t h e  two factors derived were 6.0 for local membrane s t ress  intensity due t o  
pressure loading and 3.1 for local membrane stress intensity for  mechanical 
loads and moments. These quantities were derived from stresses 
representative o f  a combination of the maximum s t ress  point i n  the header 
and the governing loading condition. I t  1s the objective of the current 
analysis t o  determine specific s t ress  intensification factors fo r  the 
various structural  elements which make up the vent header and which are 
less highly stressed than the regions adjacent t o  the st iffeners.  

3.2 Analytical Model 

The f i n i t e  element computer 'model . used for  the Vermont Yankee 
vent intersection i s  shown In Flgure 3-1. The f i n i t e  element computer 
program ABAQUS developed by Hibb i t t ,  Karlsson and Sorenson, Inc. o f  
Providence, Rhode Island, Ref. 2.0, has been used for the s t ress  anaiysls 
calculations. .Included i n  the model are portions of the vent p i p e  and rfng 
header f o r  attenuation o f  local effects at  the points of load application 
and restraint .  

i 
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3.3 Stress Intensi f i cation Factors 

Stresses In the header are calculated for  SIX forces and 
moments applied a t  the ring header and for  Internal pressure. These are' 
summarized i n  Table 3-1. For each case, stresses i n  the various branches 
o f  the header are searched for  maximum values. These results are tabulated 
i n  Tables A-2 through A-5 of Appendix A.3 for each branch of the vent 
header and the hemispherical head. ' In addftion, the maximum s t ress  
in tens i t fes  are  tabulated in Table 19-6 for areas immediately adjacent t o  
the s t i f feners .  The s t ress  intensification factors are then calculated by 
normalizing t o  the remote ring header s t ress  (equivalent beam stress)  f o r  
the correspondlng load. The equivalent beam stresses applicable t o  the 
Vermont Yankee vent header are obtained from NEDE-21968. The resulting 
local membrane s t ress  intensification factors are also tabulated i n  Tables 
A - 2  t o  A-6 and summarized i n  Table 3-2. 

The SIF's are summarized below for  the various segments of the 
vent header and represent the maximum values obtained when applying the 
methodology used i n  the Mark I Program and outlined i n  NEOE-21968 as 
fol lows : 

*... comparison of the  tabulated results for u n i t  load 
cases w i t h  those f o r  typlcal load .combinations reveals a 
simplification which can be made. It  can be determined 
t h a t  pool swell load governs vent system response, and 
t h a t  pool swell produces primarily bending moments applled 
to  the intersection. The stress intensification factors 
calculated for the governing pool swell load combination 
approximate those due t o  u n i t  bending moments applled t o  
the rlng header i n  a l l  cases. On this basis, the 

v Y c-IO32 ATTACH Mf N T C: 
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Location 

Vent Pipe Branch 
Ring Header Branch 
Vent Head 
Vent Head Branch 
Adjacent t o  Stiffener 

following intersection s t ress  Intensification factors are 
recommended for use In vent system design for a l l  applied 
7 oad combi nati on s . " 

Maxfmum TES Maxlmum 
Calculated Recommended Calculated 

1.27 1.3 1.6 
2.3 2.3 2.7 
1.1 1.1 1.1 
1.5 1.5 1.6 
3.1 3.1 3 .O 

The SIF's tabulated below were obtafned by applying the above 
methodology t o  the f i n i t e  element results reported' herein. 

Mark I Program 

Local Membrane 
Stress Intensificatfon Factor (SIF) 

Load or Moment 'Pressure I 

3 . 1  6.0 

T ES 
Recommended 

1.6 
2.7 
1.1 
1.6 
3.0 

The table  includes the TES recommended SIF's t o  be applied t o  

st resses  induced by header loads and moments. and by internal pressure. 
T h i s  provides a slmplificatlon n l t h  bu t  a small degree of conservatism. 
The table also compares the Stress Intenslffcation Factors used f o r  the 
Mark t Program and those recommended for use i n  refining the thickness 
requirements f o r  vent header corrosion. 

3.4 Vent Header Intersectlon Stress Intenst ties 

TES has revlewed the vent system analysis package, TES Document 
No. 2252-5, Rev. 1, "Vent Header and Intersection wi th  Main Vent, Combined 

i 
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Loads, V e k r i t  Yankee," Ref. 3.0, 'to determine the local membrane stress 
intensi ty  values necessary I n  establishing the minimum required thickness. 
The controllfng conditfon f o r  the v e n t  header intersection is Load 
Combination 19 and the corresponding vent header s t ress  i s  contained i n  the 
above-referenced calculation on Page 25 of 30. ' 

For Load Combinatlon 19 the vent header stresses are: 
Forces and Moments 7751' psi 
Internal Pressure 817 p s i  

Vent 
Header 

Locatfon . 

Vent Pipe Branch 
Ring Header Branch 
Vent Head 
Vent Head Branch 
Adjacent t o  Stiffener 

Loads and Moments 

Vent - SIF  Stress (mi) 

1.3 10,xoo 
2.3 17,800 
1.1 8 , 500 
1.5 11,600 
3.1 24,000 

Internal Pressure 

Vent 
SIF Stress (psi). - 
1.6 1,310 
2.7 2 210 
1.1 900 

1.6 1,310 
3.0 2,450 

Local 
Membrane 
Stress 

Intens1 t y  
( p s i  1 

11,400 
20 000 

9 , 400 
12,900 
26,500 

The allowable Stress Intensity value used i n  Ref. 3.0 is  1.5 Sm = 28,950 p s i .  

The maximum membrane s t ress  intensity i n  the s t i f feners  f o r  Load Combination 
19 is  21,300 psi. 

3.5 Vent PfuelHeader Intersection ThSckness ,Requirements 

The permissible local reduction i n  wall thickness for  the  
various regions of the vent pipeheader intersection, as identified i n  
Figure 3.2, are provided i n  Figures 3.3 through 3.7. 
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'TABLE 3-1 

Load Load Load 
Case Mag nit u d e TY Pe 

Axial, Fx 1 kip 

1 kip Shear, Fy 

Shear, Fz 1 kip 

1 in-kip Torsion, Mx 

€lending, My 1 in-kip 

Bending, Mz 1 in-kip 

1000 psi Pressure, p 

Moments applied in combination w i t h  shear loads provide 
pure shear loading a t  sphere-header intersection. 
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7 W L  No* 

SUMMARY OF STRESS INTENSIFICATION FACTORS 

Load 
or 

Moment 

Axi a1 
Fx=l kip 

In-P1 ane 
Shear 
Fy=l k i p  

Out-of-Plane 
Shear 
F,=l k i p  

Tors1 on 
Mx=l f n - k i p  

Out-of-PI ane 
Bending 
My=l in-kip  

In-P1 ane 
Bend1 ng 
My=l ln-kip 

Pressure 
p = l  psi 

Adjacent 
to  

Vent Rt ng Vent StS ffener 
Pipe Header Vent Head (See Mark I 

Branch Note) Proaram Branch Branch - Head - 
2.36 2.91 1.18 1.77 8.68 6.55 

0.73 1.07 0.47 0.90 1.33 2.48 

1.76 1.35 0.14 0.27 2-03 1.96 

0.53 1.27 0.40 0.67 2.07 2.13 

0.80 2.0 0.60 1.0 2.93 2.47 

1.27 2.27 1.07 1.47 3.07 2.40 

1.62 2.69 I .09 1.62 3.04 5.57 

Note: These factors apply t o  regions wi th in  22" o f  stiffener. 
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A.1 ANALYTICAL MODEL 

The method o f  analysis 
factors i n  the bottom sect 

for determ 

procedure described i n  Section 3.2 o f  " 

on of the 
ning the stress fntensification 
vent sphere is similar t o  the 
nalysis o f  Vent Pipe-Ring Header 

Intersections," Task 4.2.2, prepared by Bechtel Power Corporation for 
General Electric (Ref. 1.0). The geometry used for t h i s  analysis is 
similar t o  the Type I1 vent-header intersectlon descri'bed i n  Ref.' 1.0 w i t h  
actual dimensions obtained from Ref. 4. The f in i te  element shell model i s  
shown i n  Figures A . l - l  through A.1-7. 
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A.2 U-S 

The shell model i s  subjected t o  unlt forces and unit moments on the 
ends of the vent headers and one internal pressure case which results I n  a 
total of seven separate load steps. The two shear loads are equilibrated 
with an opposing moment which results In pure shear a t  the ring-vent 
intersection. Table A-2 shows the directions and magnitudes o f  the seven 
.applied unit load steps. 



I 

A.3 RESULTS 

The results of  the computer ana’lysl’s for’ the vent header have been 
summarized i n  Tables A-2 through A-7. 



V Y  C-1032 ATTACH MEN T C 
3WELEDYNE EMGINEERING SERVICES 

STRESS INTENS I FICATION FACTORS 
CALCULATION PAKCAGE 7426-2 

i 

Loud 
Case 

TABLE A - 1  
.. . -__ . .. 

Load 
Type 

Axial, Fx 

Shear, Fy 

Shear, Fz 

Torsion, Mx 

Bending, My 

Bending, Mz 

Pressure, p 

. .  

Load 
Magnitude 

7 kip 

1 kip 

1 kip 

1 in-kip 

' 1 in-kip 

1 in-kip 

1000 psi 

Moments applied in combination w i t h  shear loads provide 
pure shear loadinq a t  sphere-header intersection. 
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STRESS INTENSIFICATION FACTORS FOR VENT PIPE BRANCH 

Stress Intensification 
Factor 

Local Equi val ent 
Load Membrane Beam Stress 
or Stress Intensity (NEDE-2 1968) Local 

Moment (ksi 1 (ksi 1 Membrane 

Axi a1 
Fx 1 kip 0.052 0.022 2.36 

In-PI ane 
Shear 0.064 
Fy = 1 kip 

0.088 0.73 

Out - o f  - P I  ane 
Shear 0.155 
Fz = 1 kip 

0.088 i.76 

- 

Torsion 
Mx = 1 in-kip 0.0008 ' 0.0015 0.53 

Out-of  -P1 ane 
Bending 0.0012 0.0015 
My = 1 in-k ip  

0.80 

In-P1 ane 
Bending . 0.0019 0.0015 
MZ = 1 in-kip 

I .27 

Pressure 
p = 1 ksi  185.0 114.0 1.62 
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TABLE A-3 

STRESS INTENSIFICATION FACTORS FOR RING HEADER BRANCHES 

t& STRESS INTENSIFICATION FACTORS PROJ. NO. ’v  
CALCULATION PACKAGE 7426-2 

Stress Intensif1 cation 
Factor 

local Equivalent 
Load Membrane Beam Stress 
o r  Stress Intensity (NEDE-21968) Local 

Moment W f  (ksi 1 Membrane 

Axi a1 
Fx = 1 k ip  0.064 0.022 2.91 

I n 4  ane 
Shear 0.094 
Fy 1 k i p  

0.088 1.07 

Out-of -P1 ane 
Shear 0 119 
FZ = 1 k i p  

0.088 1.35 

Torsion 
Mx = 1 i n - k i p  0.0019 0.0015 1.27 

Out-of-P1 ane 

My - 1 in-kip 
Bending 0.003 0.0015 2.0 

In-P1 ane 
Bendi ng 0.0034 0.0015 
MZ = 1 in -k ip  

2.27 

Pressure 
p = 1 ksl  307.0 114.0 2.69 

i 
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TABLE A-4 

STRESS INTENSIFICATION FACTORS FOR VENT HEAD 

Stress Intensif ication 
Factor 

Local Equ 1 va 1 en t 
Load Membrane Beam Stress 
or Stress Intensity {NEDE-21968) Local 

Moment (ksi) . &si 1 Membrane 

Axl  a1 
F, = 1 k i p  0.026 0.022 1.18 

In-P1 ane 
Shear 
Fy = 1 k7‘p 

0.041 0.088 0.47 

O u t  -0 f -P 1 ane 
Shear 0.012 
Fz = 1 k i p  

0.088 0.14 

Torsion 
Mx = 1 in-klp  0.0006 0.0015 0.40 

Out-of-PI ane 
Bending 
My = 1 in-kip 

0.0009 0.0035 0.60 

In-Plane 
Bending 
ML = 1 i n - k i p  

0.0015 1.07 

Pressure 
p = 1 ksf 124.0 114.0 1.09 
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TABLE A-5 

STRESS INTENSIFICATION FACTORS FOR VENT HEAD 

SHEFCNO. OF- 
PROJ. NO. > 

BRANCH 

Stress Intens 1 f i cation 
Factor 

Local Equivalent 
Load Membrane Beam Stress 
or Stress Intensity (NEDE-21968) Local 

Moment (ksi 1 (ksi 1 Membrane 

Axi a1 
Fx = 1 kip 0.039 0.022 1.77 

In-Pl ane 
Shear 0.079 
Fy = 1 k i p  

0.088 0.9 

O u t - o f 4  ane 
Shear 0.024 
Fz = I k i p  . 

0.088 0.27 

Tors1 on 
Mx = 1 in-kjp 0,001 0.0015 0.67 

Out-of-PI ane 
Bendfng 0.0015 0.0015 
My = 1 in-kfp  

1.0 

In-Pl ane 

MZ = 1 in-kfp 
Bending 0.002. 

~ 

0.0015 1.47 

Pressure 
p = 1 ksi 185.0 114.0 1.62 
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STRESS INTENSIFICATION FACTORS ADJACENT TO STIFFENERS 

Stress Intensificatfon 
Factor 

Local Equivalent 
Load Membrane Beam Stress 
or Stress Intensity (N EDE-21968) Local 

Moment (ksi) (ksi 1 Membrane 

Ax1 a1 
Fx = 1 k i p  0.191 0 022 8.68 

In-P1 ane  
Shear 0.117 
Fy = I kip 

0.083 1.33 

Out-of-Plane 
Shear 0.179 
Fz = 1 kip 

0.088 2.03 

Torsi on 
Mx = 1 in-kip 0.0031 0.0015 2.07 

Out-of-P1 ane 

My = 1 l n - k i p  
Bendf ng 0.0044 0.0015 2.93 

In-P1 ane 
Bending 0.0046 0.0015 
MZ = 1 i n - k i p  

3.07 

Pressure 
p = 1 ksi 347 .O 114.0 3.04 

Note: These factors apply t o  regions w i t h i n  12" o f  stiffener. 
,; 
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TABLE A-7 

STRESS INTENSIFICATION FACTORS FOR STIFFENERS 

Stress Intensi fI cation 
Factor 

Equivalent 
load Membrane Beam Stress 
or Stress Intensity (NEDE-21968) 

Moment (ksll (W Membrane 

Axi a1 
Fx = 1 k i p  0.171 0 022 7.77 

In-PI ane 
Shear 0.105 
Fy = 1 kip  

0. oat3 1.19 

Out-of -PI ane 
Shear 0.142 
F, = 1 kip  

0.088 1.61 

Torsion 
Mx = 1 in-kip 0.0025 0.0015 1-67 

Out-of-PI ane 
My = 1 in-kip 
Bend i ng 0.0036 0,0015 2.4 

In-P1 ane 
Bend1 ng 0 A024 
MZ = 1 i n - k i p  

0.0015 1.6 

Pressure 
p = 1 ksi 379.0 114.0 3.32 
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BY FH// DAT€~@Q SHEET No. 

VENT PIPE/VENT HEADER INTERSECTION (AT VENT PIPE BRANCH), 
R A N G E  OF INDICATION SIZES(F1LE NAME:VYVPB,MCD) 

PERMISSIBLE REDUCTION IN THICKNESS: 

Primary Membrane Stress (Pmax,psi):  

P A G E  1 

Pmax := 11400 

Minimum Shell Thickness (T,in)r 

Shell Mean Radium ( R , i n ) :  

Allowable Stress (S,psf): 

Equivalent  Pressure: 
T 

R 
PO := Pinax*- 

T := 0.25 

R := 40.625 

s := 19300 

PO = 70.154 

I n d i c a t i o n  Diameter Factot ( X ) :  X = 0.241 

NORMILIZATION OF THICKNESS REDUCTION CURVE: 

Kl := 
‘ L  

._ . 

K2 :- 

1.271 
1.072 
0 . 8 9 9  
0 .759  
0.643 
0 . 5 3 5  
0.419 
0.284 
0.126 

0 . 0  

K1 = d/T 

X2 = (D/T)*[(PO/S)**1/2) 

Depth of, Indication ( d , i n ) :  d L : 5  K1 L mT 

Diameter of I n d i c a t i o n  
per F: 

K2 
L 

DxF :- 
L X 

i 
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3HEPT N O . . L / 8 _ O F  s-6 
74 26 

BY -DATE /z/2 
CHKD. BY M s  DATE& 

VENT PIPE/VENT HEADER INTERSECTION (AT VENT PIPE B R A N C H ) ,  
RANGE OF INDICATION SIZES(F1LE NAME:VYVPB.MCD) 

Depth and Diameter of Indication: d 

0.025 

0.075 

0.125 

0.175 

0.211 
0.225 
0.25 

DxF 

4.445 
3.728 
3.147 
2.666 
2.218 
1.737 
1.178 
0.522 

GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF XNDIcATION (d,in) 
Thickness available f o r  corrosion (Tcor,in): Tcor := 0.1196 

d L := if [dL < TCor,Tcor,d L 1 
1 

6 

DxF 
L 

0 
0 . 0  d 0.3 

L 

PAGE 2 
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SHEET NO. 4 9  OF rb 
CHKD. BY-..QG~-DATEL~!Q 74-26 BY FH#! D A T E / d 7 / b D  

VENT PIPE/VENT HEADER INTERSECTION (AT RING HEADER BRANCH),  
RANGE OF INDICATION SIZES(F1LE NAMErVYRHB.MCD) 

PERMISSSBLE REDUCTION IN THICKNESS: 

Primary Membrane S t r e e s  (Pmax,psf): 

PAGE 1 

Pmax := 20000 

Minimum S h e l l  Thickneas (T,in): 

S h e l l  Mean Radius ( R , i n ) :  

Allowable Stress ( S , p s i ) :  

T 
E q u i v a l e n t  P r e a s u r e r  PO I =  Pmaxw- 

R 

T := 0 . 2 5  

R := 2 8 . 6 2 5  

s := 19300 

PO = 174.672 

Indication Diameter F a c t o r  (XI : X = 0,381 
T 

L := 0 ..11 

K1 

0 . 6  

0 . 9  
1.0 

K2 :=. 

1.271 
1.072 

0.759 
0 .643 
0.535 
0.419 

0.126 

0.0  
0 . 0  

0.899 

0 .284 

K1 = d/T 

K2 a (D/T)*((PO/S)**1/2] 

Depth of Indication (d,in): d L := K1 L .T 

KZ 
L 

Diameter of I n d i c a t i o n  
per F: 

DxF :== - 
L x 
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BY FWH DATE ?h'</% SWeETNO.f;-a,OF sc. 
CHKD. BY&LDATE~&L PROJ. NO. 7 4 2  

VENT PIPE/VENT HEADER 
RANGE OF INDICATION SI 

Depth and Diameter of 

INTERSECTION 
ZES(F1LE NAME 

Indicafion: 

(AT R I N G  HEADER 
: VYRHB . MCD ) 

' a  

0 . 0 2 5  

0 . 0 7 5  

0 .  I25 

0.175 

0.211 
0 . 2 2 5  
0 . 2 5  

BRANCH) I 

DxF 

Thickness available for corrosion (Tcor,in): Tcor := 0 . 0 7 7  

I L [ L  L 
d z =  i f  d Tcor,Tcof,d 

For Maximum Stressed S h e l l  Element (P = 1.0) 
4 

DxF . 
L 

0 '  
0.0 d 0.3. 

L ,  

PAGE 2 

c 

i 



I I ,. . 

VENT PIPE/VENT HEADER INTERSECTION (AT VENT HEAD), 
. RANGE 0F.INDICATION SIZES(F1LE NAME:VYVH.MCD) 

PERMISSIBLE REDUCTION IN THICKNESS: 

Primary Membrane S t r e s s  (Ppax,pai) : 

Minimum Shell Thickness (T,in): 

Shell Hean Radius (R,in): 

Allowable Strees (S,psi): 

Pmax := 9 4 0 0  

T := 0.4375 

R := 4 0 . 6 2 5  

S := 19300 

Equivalent Pressure: 
T 

R 
PO := P m a x * -  PO = 101.231 

Indication Diameter Factor ( X ) :  
T 

NORMILIZATION OF. THICKNESS REDUCTION CURVE: 

L t -  0 .*.I1 

K1 := K2 f ? .  

0 . 8  
0 ,844  

0 .9  
' 1.0 

K1 = d/T 

K2 * (D/T)*[(PO/S)**1/2] . 

Depth of Indication (d,in): 

X * 0.166 

\ e l  D i a m e t e r  of Indicat ion 
per F: 

PAGE 1 

d := K1 - T  
L L 

K2 
L 

DxF := - 
L X 

i 



CHKD. BY&&DAlE&k&- 

VENT PIPE/VENT HEADER INTERSECTION (AT VENT HEAD), 
RANGE OF.INDICATION SIZES(FILE NAME:VYVH.MCD) 

STRESS INTENSIFICATION FACTORS PROJ. NO. . 7 d Z  0 

Depth and . D ' L a m e t e r  of Indication: 

CALCULATION PACKAGE 7426-2 4 

d .  

PAGE 2 

DxF 

2.531 

GRAPH - DIAMETER OF INDICATION (D,, in) VS DEPTH OF IN,DICATION ( d , i n )  

Thickness available for corrosion (Tcor,in): Tcor := 0 . 2 9 5 4  

= 1.0) 

1 d := i f [dL < TCor,Tcor,d 
L L 

0 . 0  d 
L 

0 . 5  

.. .. 

i' 



V Y C-IO32 ATTACH MEN T C 
?FEEDYNE ENGINEERING SERVICES 1 

SHEETNO. f3 OF rc;. 
CHKD. BYLU&DATE& PROJ. NO.A~~ 
BY ?HH DATE& 

1.271 
1.072 
0.899 
0 .759-  
0 , 6 4 3 ,  
0 ,535 
0.419 
0 . 2 8 4  
0.126 

0 . 0  
0.0 
0 .0  

VENT' PIPE/VENT HEADER INTERSECTION (AT VENT HEAD BRANCH), 
RANGE-OF INDICATION SIZES(F1LE NAKEtVYVHB.MC0) 

PERMISSIBLE 'REDUCTION IN THICKNESS: 

Primary Membrane Stress (Pmax,pai): 

PAGE 1 

Pmax := 12900 

T := 0.25 Minimum Shell ThFcknese ' (T I  in) : 

Shell Mean Radiu6 ( R , i n ) :  R := 4 0 . 6 2 5  

Allowable Streas (S,psi): S := 19300 

Equivalent Preasurez 
T 

PO := Pmax'- 
R 

PO = 7 9 . 3 8 5  

Indication Diameter Factor ( X ) :  X = 0 . 2 5 7  

NORMILIZATION OF THZCXNESS REDUCTION CURVE: 

x1 := 
L 

Xl = d/T 

K2 = (D/T)*[(PO/S)**1/2] 

Depth of Indication (d,fn)t d t =  K1 .T 
L L 

K2 
L 

Diameter of Xndication nxF := - 
per F: L X 

I' 
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SHEPT r*..sY-OF r.6 
CHKD. PROJ. NO. 742 

VENT PXPE/VENT HEADER INTERSECTION (AT VENT HEAD BRANCH), 
RANGE OF INDICATION SXZES(P1LE NAME.:VYVH8,MCD) ' PAGE 2 

Depth and Diameter of I n d i c a t i o n :  d DXF 

0 . 0 2 5  

0 . 0 7 5  

0.125 

0.175 

0.211 
0 . 2 2 5  
0 . 2 5  

GRAPH - DIAMETER OF INDICATXON (D,in) VS DEPTH OF INDfCATfON (d,in) 

Thickness available f o r  corrosion (Tcor,in): Tcor f =  0.1196 

I < Tcor,Tcor,d 
L L 

For M eed Shell Element (F = 1.0) 
5 

DxF 
L 

0 
d 0 . 0  
L 



VENT PIPE/VENT HEADER INTERSECTION 
RANGE OF INDICATION SIZES(F1LE NAME:VYSTIF.MCD) 

(ADJACENT TO STIFFENERS), 
PAGE 1 

PERMISSIBLE REDUCTION IN THICKNESS: 

Primary Membrane Streee (Pmax,psi): 
. I .  

Minimum S h e l l  Thickness ( T , i a ) :  

Shell Mean Radiue (R,in): 

Allowable S t r e s a  (S,psF)r 

T 
Equivalent  Preeeure: PO I =  Pmax. - 

R 

1 

T 
Indication Diameter Factor ( X ) :  x := -. 

NORMILIZATION OF THICKNESS REDUCTION CURVE: 

L := 0 ..I1 

K1 := 

0 . 8 4 4  

1.0 

Pmax := 2 6 5 0 0  

T := 0 . 2 5  

R := 4 0 . 6 2 5  

S := ,19300 

PO - 163.077 

K2 := 

0 . 8 9 9  
0 7 5 9  
0.643 
0 . 5 3 5  
0 . 4 1 9  
0 .284  
0.126 

0 . 0  

K1 = d/T 

K2 = (D/T)*[(PO/S)**l/2] 

Depth of Indication ( d , L n ) :  d z =  K1 * T  
L L 

D i a m e t e r  of Indication 
per F: 

K2 
L 

DxF := - 
L X 



VENT PIPE/VENT HEADER INTERSECTION 
RANGE OF INDICATION SIZZS(F1LE NAME:VYSTIF.MCD) 

(ADJACENT TO STIFFENERS), 
PAGE 2 

4 

DxF \ 
'4.. 

Depth and Diameter of Indications 

L 

\ 

d 

0.025 

0.075 

0.125 

0.175 

0.211 
0 . 2 2 5  
0.25 

\ 

DxF 
L 

GRAPH .. DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in) 
Thicknese available for corrosion (Tcor,in): Tcor := 0.021 

1 < Tcor,Tcor,d 
L L 

d 
L 

0.3 
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REV DESCRIPTION 

None 
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SOFTWARE 
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PROJECT SCOPE 

Review Mark I torus analysis documentation f o r  Vermont Yankee t o  determine 
corrosion allowance, torus shell and vent header thicknesses used i n  tbe 
TES analysis o f  record. Determine permissible flaw sizes for torus and 
vent header shells based on the analysis o f  record. 
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