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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 | Torus Containment Program for hydrodynamic
forces associated with the design basis accident (DBA). The maximum DBA containment
pressure is 44. Psi. which is less than the ASME code design pressure of 56 Psi. :

The Teledyne Engineering Services (TES) analyses of record for the Mark | program used full
wall thickness properties. Attachments A to E of this calculation were developed by TES to
calculate margins in the Mark | analyses and to determine minimum shell and vent header
piping thickness requirements for the Mark | 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 D 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 | Program loads. :

VY Commitment Item No. ERS70307_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 O be revised as appropriate. This revision addresses the 56
psi. design vs. the 44 psi. maximum accident pressure and the continued applicability of the
TES developed methodology and criteria.

CALCULATION OBJECTIVE

The objective of this calculation is to address the effects of the 56 Psi. ASME code design
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 10, Dwg. G191175 Sh.1/2)

The original construction code for the Torus and containment was for a type B vessel in
accordance with ASME Section Hl, 1965 edition with Addenda to Winter of 1965 (References
3, 4, & 5). Paragraph N-1111 in this edition of Section IlI spacifies the rules of Division 1 of
Section VIII (with exceptions) shall apply to the design, fabrication, inspection, testing, and
certification of Class B vessels.

Also Paragraph N-1314(a) requires that the requirements of Paragraphs N-414.1 to N-414.4
be met for the stress values specified in Paragraph N-1314(b). The stress intensity values
(Sm) used are the allowable stress values at design temperature as tabulated in Division | of
Section Vill.

The Torus was subsequently modified under NUREG-0661 requirements with design in
accordance with selected requirements of ASME Section lll, 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.,
references(3, 5, & 8).

Per reference 8, the Torus bottom is constructed of SA516 Gr.70 (FBX to A3C0) 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 100% radiographed. Per reference 5, the allowable
stress value (and allowable stress intensity) at design temperature (281F) is 17,500. Psi.
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To address the differences in internal pressure as defined in Vermont Yankee Event Report
No. 97-0307 the following was performed.

. 100 full DBA cycles ( from negative 2 Psi. to the design pressure of 56.0 Psi.) will be used

ASSUMPTIONS

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 plant. 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 alternating 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

Determine the differences in the ASME code design requirements, acceptance criteria, and
the loads used (design pressure, eic.) between the original design report reference(5) and
the TES Mark | 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. B
revISton '\Né L

Determine if the TES methodology for evaluation of localized wall loss from Refererce 0 of
this calculation can be maodified to reflect differences in internal pressure and code
requirements between the original design and the Mark | program. If so, convert the TES
methodology for evaluation of localized wall loss for the Torus external shell such that it is
in conformance with the original design code and design pressures.

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

evaluations in 0 of this calculation for the vent pipes, vent header, and the
downcomers for applicaitility and conformance with the original design code and design
feunision

pressures.
Pl
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CALCULATION

The ASME code minimum wall thickness of the Torus bottom plates was calculated by
Chicago Bridge and Iron (CB&l) 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 piates for the Torus bottom half
are specified as 0.584 inches thick with 0.00 inches for a corrosion allowance.

From ASME VIII 1965 Paragraph UG-16{(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 2 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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CALCULATION
Internal Pressure

Code Minimum Wall Thickness (ASME Vil 1965,UG-27)
Tmin = _PR Reference 5., Page 2C-3
SE-.6P
S =17,500. Psi.
R=13=10"= 166"

General Shell Thickness

POINT | S (Ft.) | THETA(rad) § COSINE h (Ft.) Pressure CODE MIN. } ACCEPTANCE
THETA (Psi.) WALL (inch) CRITERIA

(inch)

1 0 0.0000 1.0000 12.90 61.6 0.585 * 0.575*

2 2 0.1446 0.9896 12.76 61.5 0.585 * 0.575*
3 4 0.2892 0.9585 12.33 61.3 0.583 0.573
4 8 0.4338 0.9074 11.62 61.0 0.580 0.570
5 8 0.5785 0.8373 10.65 80.6 0.576 0.566
6 10 0.7231 0.7498 9.44 60.1 0.571 0.561
7 12 0.8677 0.6466 8.01 59.5 0.565 0.555
8 14 1.0123 0.5299 6.40 58.8 0.559 0.549
9 16 1.1569 0.4022 4.63 58.0 0.551 0.541
10 18 1.3015 0.2660 2.75 57.2 0.544 0.534
11 20 1.4461 0.1243 0.79 56.3 0.535 0.525

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.
ACCEFPTANCE CRITERIA is CODE MIN. WALL less plate mill under tolerance =0.01"

* Note on Code min. wali: Reference 5, CB&! report shows 0.584" for bottom center required minimum wall
vs. 0.585" from table above. Calculations by CB&I were performed in 1867 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 CALCULATED BY CB&! 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"

fl
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CALCULATION - continued

TORUS SHELL - LOCALIZED THINNING

The methodology for evaluation of localized thinning performed by TES in Attachments A to E
(as documented in Revision 0 of this calculation) is based on detailed structural analyses
using finite element codes and the more complex Mark | 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 origina! design code (ASME I1l 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 Ill Paragraphs N-414.1 to N-414.4 are to be met for
the stress values specified in Paragraph N-1314{b). The stress intensity values (Sn) used are
the allowable stress values at design temperature as tabulated in Division | of Section VIi.

Also using guidance from ASME VIl 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 small areas 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
gvaluated for cyclic 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 lIl. For an alternating stress of approx. 54,500. Psi., the allowable number
of alternating stress cycles is approximately 3,500 cycles. \i
For inspection and evaluation purposes, the following criteria/quidelines will be used. } /

PITS

!
A pit will be defined as a single small area of corrosion less than %2 (0.50) inch in diameter.
Larger size areas of corrosion will be identified as a local area.
L
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 K; as shown in Figures 27, 45, and 105 of
reference 9.) For inspections:

All areas of coating degradatlon and areas of surface pitting with pit sizes less than 1/8 {.125)
inch diameter and depth less than 1/16 (.0625) inch depth. Isolated pits are acceptable

-without further evaluation.

All areas bf 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.

Isolated pits are acceptable without further evaiuation based on the calculations on the
o/~ previous pages.

-

y

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.

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

SMALL PITS & SURFACE DEFECTS -continued

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

Identify and note on inspaction report any surface gouges with length less than %2 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 %2 (0.50) inch and/or 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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CALCULATION - continued TORUS SHELL - LOCALIZED THINNING 47
e s ey wasd
LOCAL AREAS - Simplified Method> — whe+ / i <o Ut

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

Q

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
conservatism a factor of 1.2 will be applied to the general membrane stress intensity to
account for bending. This will satisfy ASME N413.3 (P, + P, < 1.55)

Method:

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.

PI_'= 1-2 Pb [Tnom ] S 1-58

Tmaas
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CALCULATION - continued TORUS SHELL - LOCALIZED THINNING

LOCAL AﬁEAS — Modification of TES Methodolo

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 | 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 maximumn accident pressure of 44. Psi. plus a fuli
spectrum of hydrodynamic loads associated with the Design Basis Accident (DBA). ltis
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).)

/-R
The procedure for “Permissible Local Reduction in Torus Shell Thickness for an lndicatiom
be revised to account for the differences in design pressure and allowable stress intensities as

 shown marked up on the on the next pages. : I

The combined factor for acceptable thickness is (1.273)(1.103) = (1.404)

Alternatively the acceptable depth indication may be reduced by ( 1/1.404 = 0.712)
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CAL AREAS — Modification of TES Methodolo

TES METHODOLOGY Fron i 1 ’s\mmme;m

2.2 issib ocal R Shel ¢l for
Indjcation

An indication, which may be found upon fnspection of the torus
shell (Figure 4), may be acceptable {f it does not meet the screening cri- y

OCALIZED THINNING
Nonis® Fyunss
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teria pffodeafeble=t, for required shell thickness (Elosrmctegmt=3
provided that it meets the local stress criteria of the Code for the par-

ticular_location 'of concern.

A generalized compatibility amalysis to determine the effect of
a cylindrical depression on 2 uniform stress distribution was performed for
a large circular plate of constant thickness (Reference 1'9).
- LGN
Figure 6 for the free shell and Figure 7 for the local shell
regiens of the torus are based upon this analysis using the necessary
Vermont Yankee torus parameters. Therefore, if an indication fs found fn
these regions which does not meet the minimum wa‘ll. thickness requirements
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NSRS CANSUd D
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g the fo]lowing procedure may be
perfomed using the appropria.te Figure 8 or 9.

The procedure for use of Figures 8 and 9 for an indicatinn in
its final blended and as-examined state is as follaws:
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1. Circumscribe the area of the indication and wmeasure the
diameter (D}.

2. Detem;ine the maximm indication depth (d).

3. Assure that no additional indications are found local to the /
circumscribed area within 24.64 4nches or two-and-one-half-
square-roots-of-mean-radius-times-thickness (f.e., 2.5/8t).

4. 1If the criterion of step 3 {s violated, repeat the procedure
starting with step 1 and inciude any indications which
violate the criterion of step 3 fn the circumscribed area.

5. Review Figure 6 or 7 to determine the arc reglon (S) of the

torus shell which contains the circumscribed indications
resulting from step 1.
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CALCULATION - continued_ TORUS SHELL - LOCALIZED THINNING

LOCAL AREAS —- Modification of TES Methodolo

TBS MEBpDoLoby (cow)

7.

Determine the circumscribed diameter multiplier (F) from the
table of Figure 8 or 9 based on the arc region (S) from step
S. 1f the circumscribed indications extend into other arc
regions, use the Jargest multiplfer (F).'

Determine the equivalent diameter (D’) which ¢ircumscribes )

the indications:

0 ~0xF

9. Using D’ and .tl;e appropriate Figure 8 or 9 curve, determine

the allewable indicatfons depth d’ and compare ft to the
measured depth d: '

dgd

Note that the allowable depth (d’) shall be measured based

on the uncorroded nominal 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.
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CALCULATION

Vent Pipe, Vent Header. and Downcomer Thic

The original CB&I design criteria and calculations will be com
used the Mark | Program criteria with respect to required wall

ess Requirements

ared to the TES analyses which
hickness.

The original design report used an allowable stress intensity of 17,500. Psi., the TES analysis

used 19,300. Psi. To equate the TES resuits with the original
acceptable thickness for a given configuration will be factored
allowable to the 1965 aliowable or (19,300./17,500, = 1.103).)

The vent system components were sized using hand calculati

thrust loads by Chicago Bridge and Iron (CB&) in reference(5

Mark | Program analyses for the vent pipes, vent header, and
included the maximum accident pressure of 44. Psi. plus a ful
loads associated with the Design Basis Accident (DBA).

The TES analyses evaluated meore complex loading and involy

critical components such as the vent line/header and the vent
intersections. The TES evaluations included the modification
the Mark | program.

Vent Pipe

The only component external to the Torus shell is the vent pi

esign requirements the TES
by the ratio of the 1977

ns for static pressures and
, pages 2C-4 to 2C-6. The
downcomers performed by TES
spectrum of hydrodynamic

yed detailed computer models of
header/downcomer

$ of the internals installed under

e. The vent pipeis a 6’-9" 1.D.,

0.25" thick pipe constructed of A516 Gr.70. Code minimum wall for the 56 Psi. design
pressure 0.13 inches. (reference(5) page 2C-4). The required thickness from the TES report

in Attachment A of this calculation is 0.158" which is more res
calculation requirements.

Vent Header and Downcomers

The CB&l design calculations for these components are simp
Psi internal pressure. They show significant margins to code
other calculations in the CB&l design report are area rep!eztcerl
intersections.

Given:

1. The vent & downcamer piping is internal to the Torus shel
for the primary containment. The vent system serves as 3
and suppression chamber portions of the primary containi]

rictive than the original design

ified hand calculations for the 56
allowable stresses. The only
nent calculations for the pipe

, which is the pressure boundary
boundary between the drywell

nent. The differential pressure is

maintained only by the static head of water above the bottom of the downcomers. The

maximum differential pressure between the vent system a
the containment design pressure.

nd the Torus will never approach
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CALCULATION

Vent Pipe, Vent Header, and Downcomer Thickness Regﬁirements -continued

Vent Header and Downcomers - continued

2. TES evaluated the vent system for all pressure and hydrodynamic effects from the DBA.
The TES loads and stress analyses are more complex angd detailed than the CB&I
calculations and are more reflective of the actual loads to pe expected during a DBA.

3. The required thickness values shown in Table 2 of Attachment A are generally more
restrictive than the original CB&l calculations.

Then:

Use of the TES criteria for the vent system & downcomer thickness criteria is more reflective
of the DBA loading, accounts for all of the Mark | Program maqdifications , and has a more
defensible technical basis than the CB&I minimum wall calculations. Use of the TES criteria
will not affect the ability of the Torus to withstand the 56 Psi. Code design pressure and
remain within code stress limits.

The only other issue to consider is the differences between the original design code and the
Mark | program allowable stress intensities used in the calculations. The original design report
used an allowable stress intensity of 17,500. Psi., the TES analysis used 18,300. Psi. To
equate the TES results with the original design requirements,| the TES acceptable thickness
for the vent pipe will be factored by the ratio of the 1977 allowable to the 1965 allowable or
(19,300. / 17,500. = 1.103). This will be applied to the 6’ 8" IID vent pipe only since it is the
only component that forms the external containment pressurg boundary.

Summary of Vent Pipe/Vent Header/Downcomer Thickness Requirements
(For use as inspection screening criteria.)

The TES evaluation methodology for the vent pipe, vent header, and downcomers will be used
directly except that the required thickness on the portions of the vent pipe which are the
external containment boundary will be increased by 1.103 forj consistency with the original
design code.

For screening criteria to be used during inspections, the 10 percent nominal wall loss from
IWE 3512.3 is more restrictive than the TES acceptance critdria for the vent header and
downcomers away from the miter joints and piping intersectigns.

A separate engineering evaluation should be performed for any wall loss adjacent to the mitre
joints and wall loss greater than 10 percent of nominal for the remainder of the vent header
and downcomers,
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SUMMARY / RESULTS

. The differences in internal pressure, the ASME code design requirements, and acceptance
criteria between the original design report, reference(5), and the TES Mark | program
evaluations contained in Revision 0 to this calculation were evaluated with respect
thickness requirements of the Torus external shelt and the vent system piping.

. Minimum wall thickness and acceptance criteria for general wall loss due to corrosion
and/or wear based on the original design pressure of 56. f'si were developed for the Torus
bottom and are shown on page 10 of this calculation.

. Generic evaluations of pitting/surface effects based on thq original design pressure of 56.
Psi were performed. Small shallow pits and gouges are syirface effects, and if there is
sufficient space between them they will not effect the membrane stress in the shell at the
pit location. Criteria for use in inspection and evaluation of surface pitting were developed.
These are shown on page 17 of this calculation.

. A simplified method for evaluation of shallow localized wali loss less than about 20 percent
of nominal wall thickness was developed. The method is pased on the 56. Psi design
pressure and is in conformance with the original design cade and accepted engineering
practice. The method is shown on page 19 of this calculation.

. Modifications to the TES methodology for evaluation of logalized wall loss were developed
for the Torus external shell. The modifications are based pn the differences in internal
pressure, the ASME code design requirements, and acceptance criteria between the
original design report, reference(5), and the TES Mark | pfogram evaluations contained in
Revision 0 to this calculation. The modifications convert the TES methodology such that it
is in conformance with the original design code and design pressures. The modifications
are outlined on pages 22 and 23 of this calculation.

. A method for evaluation of corroded areas larger than thoge included in the modified TES
methodology was developed. An application based on the generic localized stress
calculation methodology contained in Attachment B of thig calculation using actual
inspection data was performed. The evaluation used the $6. Psi design pressure. The
application is intended to serve as an example for future gvaluations and is shown on
pages 24 to 28 of this calculation.

reutsion tlailae

. (Calculations from the original design report, reference(5), gnd the TES evaluations in

0 of this calculation for the vent pipes, vent header, and the downcomers were
reviewed and the applicability of the TES methodology wgs assessed. The TES evaluation
methodology for the vent pipe, vent header, and downcomers can be used directly except
that the required thickness on the portions of the vent pipe which are the external
containment boundary will be increased by 1.103 for consistency with the original design
code. The screening criteria shown on page 30 of this calculation was developed for
inspection purposes.
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CONCLUSIONS

accident pressure of 44 Psi. which was used by TES (Revisio
and vent system thickness requirements.

calculation) are based on detailed structural analyses using fi
complex Mark | loads. The TES calculations and appropriate
performed under the TES Quality Assurance program with su
the YAEC VY Project — Mechanical Engineering Group in acc
YAEC Engineering Instruction WE-103. The technical adequ

preclude direct use of the TES methodology and results.
General area minimum wall thickness and acceptance criterig
were developed which are consistent with the original design
These are summarized on page 31.

Revision of this calculation does not affect any other existing
change to the plant as described in the Final Safety Analysis
evaluation is required.

This calculation will serve as a reference for evaluation of res

VY Program Procedure PP7024, “Containment Inservice Insg

VYC-1032 Revision 0 was revised per VY Commitment ltem |
addresses the effects of the 56 Psi. ASME code design press

The analyses performed by TES in Attachments A to E (as dg

question. Only the maximum pressures used and the differer]

paTe 41 (16133

No. ER970307_01. This revision
ure vs. using the maximum
h 0) in developing the Torus shell

cumented in Revision 0 of this
hite element codes and the more
engineering reviews were
bsequent reviews performed by
prdance with the requirements of
acy of their methodology is not in
Ices in allowable stresses

for areas of localized corrosion
pressure and code requirements.

VY calculations, there is no
Report, and no 50.59 screen or

lts from inspections of the Torus

performed under ASME Section XI, Subsection IWE. The ingpections are performed under

ection Program (IWE)".
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(A
Teledyne Engineering_ Services (TES) has been requested by Yankee
Atomic Electric Company (YAEC) (Reference 1) to review the Mark I Torus

Containment Program ana1ysis_qf the torus and vent system to determine the
shell thickness requirements for these vessel components.

1.0  INTRODUCTION

The torus éhe11 analysis of record will be reviewed herein using
available information to: '

A - .
a . 1. Map the profile of the required minimum shell thickness f;;‘;EE::i>
) symmetric torus bays.

2. Determine the permissible local reduction in shell thickness at
mid-bay bottom dead center, the location of least margin, for a
range of postulated indications.

MM')
Aﬁﬂppﬂj;*{w In addition, TES will review the existing vent system analysis to:

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

2. Review a]l critical vent system shell locations calculating the
m1n1mum required shell thickness based on the present Mark I
event loading combinations.

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
P40¢ 75

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 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 this documentation TES determined that the to;;;\\\\\
shell analysis conservatisms had been previously considered and eliminated
as a practical consideration for demonstrating compliance with the Code
requirements during the original evaluation. Some of the important refine-
ments which eliminated the analysis conservatism and reduced the number of
modifications at the Vermont Yankee include: _ zf;

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

. TES in-house development of 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 to produce final
results for the 27 Mark I event combinations.

. Redefinition of 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 opinion that additional refinement of the Mark I
torus shell analysis would not be practical te increase the margin on torus
shell thickness.
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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) to obtain event
combination stress output at.specific locations from our DISTRESS torus
shell stress post-processor (Reference 7). Because of 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 final 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 is our
opinien that this information is adequate to determine the minimum
thickness requirements since the major loads (i.e., pressure, DBA
condensation osciliation, pooiswell) are relatively constant along the
longitudinal axis of the torus bay.

The minimum thickness requirements at the mid-bay (free-shell)
location of the torus shell are governed by the primary membrane stress
(Pn) 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 minimum
thickness requirements are governed by the primary local stress (Pg}. The
primary local stress region extends for a distance of a2 9.8550 inches or
one-square-root-of-mean-radius-times-thickness (1.0/Rt) from the
intersection of the ring girder longitudinally along the torus bay
(Figure 4).

Code compliance for primary membrane and primary local stress
intensity shall be determined based on comparison of the actual event
stress intensity (i.e., from the finite-element analysis of the torus
shell) to the Code allowable stress which is a function of the event

service limit as -defined by the structural acceptance criteria (Reference
6).
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Stress Intensity AorB ¢
Py ". SMC Larger of 1.2 Syc
i or 1.0 Sy
Py 1.5 Spc Larger of 1.8 Sy
or 1.5 Sy

The Mark I program event combinations to be reviewed are those
which were previously found to control the 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 of these event
combinations can be eliminated from further consideration without
increasing the conservatism as follows:

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

o The difference between event combinations, pairs 14 and 15,
18 and 19, 20 and 21, is OBE versus SSE seismic 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
1imit events with a minimum 20% 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 is based on the
determination of an equivalent pressure (Py) 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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or (Po)R/t < 1.5 Syc for P
where Po =~;quiva1ent prégsure {psi)

R - torus mean radius (166.292 inches)
t - required thickness (i.e., < 0.584 inches)

. Table 1 provides the minimum thickness requirements as
calculated (Reference 19) for the two torus shell locations adjacent to the
ring girder (local shell region) and at mid-bay (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 to the ring girder extend longitudinally
9.8550 inches along the torus shell. In addition, on the torus shell mitre
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 is governed by the mid-bay thickness requirements. '

2.2 Permissible Local Reduction in Torus Shell Thickness for an
dicatio

An indication, which may be found upon inspection of the torus
shell (Figure 4), may be acceptable if it does not meet the screening cri-
teria of 2.1, Table 1, for required shell thickness {Figures 6 and 7)
provided that it meets the local stress criteria of the Code for the par- -
ticular lecation of concern.

A generalized compatibility analysis to determine the effect of
a cylindrical depression on a uniform stress distribution was performed for
a large circular plate 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 using the necessary
Vermont Yankee torus parameters. Therefore, if an indication is found in
these regions which does not meet the minimum wall thickness requirements



| “WTELEDYNE
Technical Report ENGINEERING SERVICES

TR-7426 -6-

- VYC-1032 ATTACHMENT A
of Table 1 or Figure 6 (the permissible corroded thickness of the free- Fﬁrg 5~
shell region) or Figure 7 (the permissible corroded thickness of the local
shell region adjacent to the ring girder), the following procedure may be
performed using the appropriate Figure 8 or 9.

The procedure fof.ﬁse of Figures 8 and 9 for an indication in
its final-blended and as-examined state is as follows:

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 24.64 inches or two-and-one-half-
square-roots-of-mean-radius-times-thickness (i.e., 2.5/Rt).

4. If the criterion of 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.

5. Review Figure 6 or 7 to determine the arc region (S) of 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 indicatioen 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 (D’) which circumscribes
the indications:

D’ =DxF

g. Using D’ and -tlie appropriate Figure 8 or 9 curve, determine
the allowable indications depth d’ and compare it to the
measured depth d:

dgd

Note that the allowable depth (d’) shall be measured based
on the uncorroded nominal 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 (i) from the
allowable depth {d’) to obtain the adjusted d’. See
Appendix B for sample calculations.
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TES has reviewed the.calculation packages (References ¢ through 16)
and drawings (References 17 and 18) associated with 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 of
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 finite-element model (Figure 11) for the
downcomer/vent header intersection (References 11, 12 and 15). The Tess
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 type of BWR vent pipe/header
intersection to conservatively calculate the maximum combined stress 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
all components with the exception of the vent header at the downcomer
intersection. The vent header/downcomer intersection eventually required a
modification to the downcomer pairs, tie bars, even with the use of
significantly more refined analytical techniques. The refined shell
analysis of the vent pipe/header intersection {Reference 20} was completed
using a detailed ABAQUS finite-element model (Figure 26) to determine the
stress intensification factors and stresses for specific locations within
the vent pipe/header intersection. The shell analyses of the four vent
pipe/SRV Line penetrations (Reference 16) were completed using a
combination of hand calculations and one detailed finite-element STARDYNE



“W\"TELEDYNE
Technical Report ENGINEERING SERVICES

TR-7426 -9-
. VYC-1032 ATTACH MENTA

model (Figure 12). The shell analysis of the vent pipe/SRV Line support Q
attachments were completed using the computer program CYLNOZ (in accordance /{G’
with WRC Bulletin 107, Franklin Research Center, 1-16-80) and are inciuded

within the SRV Line penetration analysis package (Reference 16).

Generally, as a resulf 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 combinations (Reference 10},
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). The resultant stress intensities were also conservatively
calculated without regard to location and were compared to Code allowables.

Based on our recent review of this work, it does appear that an addi-
tional margin exists for some of 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 Shell kness Requirements

TES has reviewed the vent system analysis packages
(References 10 11 and 20) to determine the minimum shell thickness
requirements for each of the major components: the vent pipe, vent
pipe/header intersection, vent header and downcomers. The calculation of
the minimum thickness requirements (References 19 and 20) is based on the
methodology presented in Section 2.1 for the torus shell.

As described in Section 3.0, because of the known available mar-
gins, much of 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

available without completing a more refined analysis for each of the major ?&Y!//

camponents is limited. 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-
ponént 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 mitred joint, 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 rvequirements are determined for the
tocal 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 Lines A, B, C and D).

3.2 Permigsible Local Reduction in Vent System Thickness for an
Indication

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

The generalized compatibility analysis (References 19 and 20},
as described in Section 2.2, was used to develop Figures 14 through 32
herein.

The procedure for the use of Figures 14 through 32 for an indi-
cation in its final-blended and as-examined state is as follows:

48



“/"TELEDYNE
Technical Report ENGINEERING SERVICES

TR-7426 : -11-
VYC-1032 ATTACHMENT ‘}\
1. Circumscribe the area of the indication and measure the qqh\g .

diameter (D). ///
7i3

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., 2.5/Rt) as Tisted below.

Vent System " Thickness Radius 2.5/t

Component in in - dn
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
375  11.875 5.28

4. . If the criterfon of step 3 {s violated, repeat the procedure
starting with step 1 and include any indications which
violate the criterion of step 3 in the circumscribed area.

5. If the measured indication depth {d) is less than the per-
missible corroded thickness (remaining thickness) of Table 2
for the appropriate location, the indication is acceptable
and the remaining steps may be skipped.



Technical Report

TR-7426

“WCTELEDYNE

-12-

curve for the region of the vent system that contains the
circumscribed indications.

Using D’ and the appropriate figure and curve, determine the
allowable indications depth d’ and compare it to the mea-
sured depth d:

d gd

Note that the allowable depth (d‘} shall be medsured based
on the uncorroded nominal shell thickness. Adjust the
allowable depth (d’) to account for reduced wall thickness
measured. Subtract the difference between the original wall
thickness {Ty) and the measured wall thickness (t) from the
allowable depth (d’) to obtain the adjusted d’. See
Appendix B for sample calculations. :

ENGINEERING SERVICES
VYC-1032 ATTACHMENT

6. Review Figures 14 through 32 to determine the appropriate FA\

A, -
%
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TABLE 1
MINIMUM TORUS SHELL THICKNESS REQUIREMENTS
VERMONT YANKEE NUCLEAR STATION
Elem/Arc Ho. | Required Thickness Remaining Thickness
(Mid-bay) - (inches) {inches)
27/51 .236 .348
25/52 .269 .315
23/83 .305 .2719
21/54 .352 .232
19/85 .359 .225
17/56 .392 .192
17/87 .392 .192
15/58 .360 .224
13/S9 .322 .262
11/510 .259 .325
(Ring Girder)
159/S1 .150 434
153/52 124 .460
147/S3 .150 .434
141/54 .113 471
132/S5 .134 .450
132/56 134 .450
126/S7 .151 .433
120/58 .148 .436
114/59 .181 .403
NOTE: Only lower shell elements are listed.
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TABLE 2 -
MINIMUN VENT SYSTEM THICKNESS REQUIREMENTS
VERMONT YANKEE NUCLEAR STATION .
Component Shell Required Remaining
Location Thickness (in) Thickness {in) Thickness (in)

Vent Pipe .250 .158 .092

Vent Header .250 111 .139
Downcomer .250 .156 *.094
Downcomer 375 .235 140

Vent Pipe at

Drywell .250 .105 145

Vent Header at

Mitre Joint .250 .234 .016

Vent Header at

Downcomer .250 244 .006
Downcomer at

Mitre Joint .250 .104 .146

Downcomer at
Mitre Joint 375 .156 .219

VP/SRV (A,B,C,D)
Penetration at
Nozzle Inter. .750 .630 .120

VP/SRV (A,B,C,D)
Penet. at Edge
of Wagon Wheel .750 .568 .182

VP/SRV (A,B,C,D)
Penet. at Edge
of 3/4" Pad .250 .241 .009

VP/SRV {A,8,C,D) ‘
Lower Support .250 .241 .009
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. TABLE 2 (Continued)
MINIMUM VENT SYSTEM THICKNESS REQUIREMENTS
VERMONT YANKEE NUCLEAR STATION

Component Shell Required Remaining

Location Thickness (in) Thickness (in) Thickness (in)
*Vent Pipe/Header

Intersection®
Adjacent to
Stiffeners .2500 .2290 -.0210
At Vent Pipe
Branch .2500 .1304 .1196
At Ring Header
Branch .2500 L1730 .0770
At Vent Head .4375 .1421 .2954
At Vent Head
Branch .2500 .1304 .1196
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ROTATED AXIS VIEW — VERMONT YANKEE
1/32 DETAILED SHELL MODEL

FIGURE 1
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PERMISSIBLE CORRODED. THICKNESS FOR THE TORUS
CROSS—SECTION AT MID—BAY (FREE SHELL REGION)
VERMONT YANKEE NUCLEAR STATION

REACTOR

Arc Lengths
S1 = 260.75"
S2 = 231.78"
S3 = 173.84"
S4 = 115.89"
S5 = 57.95"
S6 = 28.97"
S7 = 86.927
S8 = 144.86"
S9 = 202.81"
S10 = 260.75"

(INSIDE) (OUTSIDE)

K on o non

Jf BOTTOM

NOTE: - INTERMEDIATE
" VALUES MAY BE
INTERPOLATED

FIGURE 6
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PERMISSIBLE CORRODED THICKNESS FOR THE TORUS
CROSS—SECTION ADJACENT TO RING GIRDER
(LOCAL SHELL REGION)

VERMONT YANKEE NUCLEAR STATION

REACTOR

Arc Lengths
St 260.75"
S2 222.12"
S3 = 164.18"
S4 106.23"
S5 = 48.29"
S6 = 86.92"
S7 = 144.86"
S8 = 202.81"
S9 = 260.75"

(INSIDE) (OUTSIDE)

| T | N | S (I |

B

£ sotTOM

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

ST tE
1Treq — ‘ 0-584"
Teor = 0.192" - A

FIGURE 8
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PERMISSIBLE SIZE RANGE FOR INDICATION
RING GIRDER REGION OF THE TORUS

Tcor = 0.403" Teor = 0.471"

Jl

, Teor
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SGArI e
ITreq d g 0.584
.% Y
|
ARC | FACTOR| GEN
REGION g CORR.
Tcor
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FIGURE 9
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I NODES/ —
SPAN Y P) RING HEADER

-DOWNCOMER |

VENT HEADER
SUPPORT
COLUMN

VENT PIPE

7 VENT HEADER INTERSECTION
c s {STIFFNESS MATRIX INPUT)

|

SYMMETRY BOUNDARY
CONDITIONS

VENT SYSTEM BEAM MODEL,
VERMONT YANKEE NUCLEAR STATION

FIGURE 10
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END NODES FIXED

SYMMETRY
BOUNDARY
CONDITIONS

THIS END CIE BARS

VENT HEADER/DOWNCOMER INTERSECTION MODEL,
VERMONT YANKEE NUCLEAR STATION

FIGURE 11
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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 '

VENT
HEADER

*

P Setant Y 2.68
/

i \

{ )
‘LDvJJ\_

TYPICAL DOWNCOMER

1 VENT PIPE )

e /

! VENT HEADER DOWNCOMER
VENT ”Ehﬁgg [~ suppoRT RING

VENT
HEADER

fOR
s ERO
. . C O‘NNCO% OE“ P\\\D
2.68" — A

« LOCAL REGIONS (1.0 J/RT )} = 2.68"

FIGURE 13
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. PERMISSIBLE SIZE RANGE FOR INDICATION
" VENT PIPE
VERMONT YANKEE NUCLEAR STATION

, | Teor
T J
_tT req - I 0.250"

| Tcor = 0.092" (VENT PIPE)
| Tcor = 0.145" (AT DRYWELL)
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FIGURE 14
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PERMISSIBLE SIZE RANGE FOR INDICATION
"VENT HEADER
VERMONT YANKEE NUCLEAR STATION -

: , Teor

D
___l___._‘i( |
W d'R  0.250"

i )

Teor = 0.006" (AT DOWNCOMER)

| Tcor = 0.016" (AT MITRE)  Teor = 0.139" {VENT HDR)
| i
6.0 ' .
S.0H | : :
R :
. :
—_~ 4.0 : :
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~ ™ : e
= 304 )¢ N
"N - VENT HDR®".. ¢ A
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FIGURE 15
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FREE AND LOCAL SHELL REGIONS

FOR THE DOWNCOMERS
VERMONT YANKEE NUCLEAR STATION

VENT HEADER

A

DOWNCOMER
T=23/8

\7/ 3 \ NRT = 211
\\\\ /8“/ — g\!ﬁ:— 1.72”
~ ‘Q .-

DOWNCOMER
L T

— -1 1°=11 1/2" 1D.

FIGURE 16
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LOWER DOWNCOMER |A

VERMONT YANKEE NUCLEAR STATION

TCOF

‘ Tcor = 0.094" (LOWER DOWNCOMER)
| Teor = 0.146" (AT MITRE)
6.0 A
50F
— 40
f=
o 30t
20F s : :
ob 0o
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I L N
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FIGURE 17
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PERMISSIBLE SIZE RANGE FOR INDICATION -
UPPER DOWNCOMER | A
VERMONT YANKEE NUCLEAR STATION

, Tcor

ATcor = 0.140" (UPPER DOWNCOMER)

| Teor = 0.2197 (AT MITRE)
6-0 — v L) ] ]
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. . Y «
-
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FIGURE 18



. _ “>TELEDYNE
Technical Report ENGINEERING SERVICES

TR-7426 -37-
: VYC-1032 ATTACHMENT ;\
LKL

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

VENT PIPE

/S
/\ ol
SEE DETAIL A
3-‘9“
m

3_‘\9“ Ap L
ol =P
- ‘ v - \
N J
’ 349" L_,_13.19"
() || @
@ W :
SECTION A-A SECTION B-B
» (SRV LOWER SUPPORT)
NOTE:

1. {(*) LOCAL REGION
(1.0 RT = 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

\
WAGON WHEEL

VENT PIPE
SHELL

VENT PIPE
SHELL

SECTION A—A
NOTE:

1. (+) VENT PIPE SHELL LOCAL REGION (1.0\/RT = 3.19")
2. (s+) WAGON WHEEL LOCAL AREA

FIGURE 20
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PERMISSIBLE SIZE RANGE FOR INDICATION
VENT PIPE/SRV (A THRU D) AT NOZZLE INTERSECTION
VERMONT YANKEE NUCLEAR STATION
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PERMISSIBLE SIZE RANGE FOR INDICATION
- VENT PIPE/SRV (A THRU D) AT EDGE OF WAGON WHEEL
VERMONT YANKEE NUCLEAR STATION

Tcor

J{ )
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50F
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PERMISSIBLE SIZE RANGE FOR INDICATION |
1/4" THICK VENT PIPE/SRV (A THRU D) A
AT EDGE OF 3/4" PAD
VERMONT YANKEE NUCLEAR STATION
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FIGURE 23
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, LOCAL SHELL REGIONS
VENT PIPE/SRV LINES (A THRU D) LOWER SUPPORT ATTACH'T"
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|
|
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FIGURE 24
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PERMISSIBLE SIZE RANGE FOR INDICATION
VENT PIPE/SRV (A THRU D) LOWER SUPPORT ATTACH'T
VERMONT YANKEE NUCLEAR STATION
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VENT PIPE/HEADER INTERSECTION
LOCAL THICKNESS REGIONS
VERMONT YANKEE NUCLEAR STATION

; lVENT PIPE
" STIFFENER
PLATES

VENT VENT

HEADER HEADER

HEAD
@ ADJACENT TO STIFFENERS @ AT VENT HEAD
@ AT VENT PIPE BRANCH @ AT VENT HEAD BRANCH
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FIGURE 27
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VENT PIPE/HEADER INTERSECTION '

ADJACENT TO STIFFENERS
VERMONT YANKEE NUCLEAR STATION
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PERMISSIBLE SIZE RANGE FOR INDICATION  P4SA/f5
VENT PIPE/HEADER INTERSECTION |
AT VENT PIPE BRANCH
VERMONT YANKEE NUCLEAR STATION
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PERMISSIBLE SIZE RANGE FOR INDICATION Wtb{/]g
VENT PIPE/HEADER INTERSECTION |
AT RING HEADER BRANCH
VERMONT YANKEE NUCLEAR STATION
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VENT PIPE/HEADER INTERSECTION |
AT VENT HEAD BRANCH
VERMONT YANKEE NUCLEAR STATION

TCOI’

70r Tcor/ = 0.1196h

6.0 :

‘sof

. 4o0f =& :

< : :

[= 3.0[
2.0F
1.0

R L L L ¢
O‘O lllll(llll_l‘lll]_l'llllJlj_llllllJll|lJJ'lJ lllllJ_l_l
0.050 0.100 0.150 0.200 0.250
d (in)

FIGURE 32



W TELEDYNE

Tz ENGINEERING SERVICES
TR-7426
VYC-1032 ATTACH MENT P
ChSf1s
APPENDIX A ,

QUALITY ASSURANCE INFORMATION

The completed "Verification and Document Release™ form contained
herein is indication of the compliance of this technical report with the
Teledyne Engineering Services Quality Assurance Program (Reference 21).



VYC-1032 ATTACHMENT A

Technical Report .. .
TR-7426, Revision 1 S Eﬁéﬁﬁéﬁm sPé'Rg\?cggs
VERIFICATION AND DOCUMENT RELEASE
PROJECT NO. 7426 DATE 1/-22-9
DOCUMENT ID NO.  TR-7426 . © REV. NO. 1
TYPE OF DOCUMENT  Technical Report: NUMBERS OF PAGES 76
- . TITLE

Mark I Torus Shell and Vent System Thickness Requireménts

Vermont Yankee Nuclear Station

REV DESCRIPTION
Editorial changes per ECO No. 8918

THE FOLLOWING COMPUTER RUNS APPLY TO THIS DOCUMENT:

SOFTWARE
RUN_ID DATE TIME PROGRAM_NAME/VERSION ERROR_CHECK

1. NA |

2.

3.

a.

5.

6.

If more space is required, attach additional pages.

ORIGINATOR / o yr-2/-9/
CHECKER o e DATE /- 21-9/
/ S 7

THIS DOCUMENT HAS BEEN VERIFIED AND IS IN COMPLIANCE WITH THE REQUIREMENTS OF THE TES

QUALITY Assumugism. M .
 VERIFIER . / DATE n/e Je

APPROVED FOR RELEASE

PROJECT MANAGER ,é(/,(ﬂ‘j //’éw; DATE J/-22~-9/
s 7 z -

QAE . 47//77‘;/- DATE _f/-23-¢2/




“WTELEDYNE

Technical Report ENGINEERING SERVICES

TR-7426

VYC-1032 ATTACHMENT
A (00/7,;

APPENDIX B

SANPLE TORUS SHELL CALCULATIONS FOR POSTULATED INDICATIONS



“/CTELEDYNE

Technical Report ENGINEERING SERVICES
TR-7426 B-1 4 |
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VERMONT YANKEE TORUS SHELL 4 ]/75
TORUS SHELL INDICATION SAMPLE CALCULATION #1
MITRE RING GIRDER
¢ MIDBAY / MIDBAY ¢
1 T
| | ~— 10.316"
} ] ~ .
i 7 N
' l/' V146,062
: \: / /l —
: NS
) | | R=24.64"
} | CORRODED_AREA
, | CLUSTER OF PITS
1 1
l ” 9.8550" l=— —{ 9.8550" |~—
FREE SHELL  LOCAL SHELL  FREE SHELL
1o " (OUTSIDE)
LOCATION ‘ =87 320

16.062"

TORUS D=16.062" d=0.0325"
BOTTOM { *

}
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VERMONT YANKEE TORUS_SHELL l‘l’ 75’
TORUS_SHELL INDICATIOH SAMPLE CALCULATION #1

STEP 1 Circumscribed diameter of indication area
D= _16.062"

STEP 2 Maximum depth of indication d = _0,0325"

STEP 3 Confirm that 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
IIDH and lldl

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

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

Ly = _71.258" _Lies in Arc Region S_4
Ly = _87.320" _ Lies in Arc Region S_4_

S_4_ Permissible Corroded Thickness, teop = __0.232"
S_4 _ Permissible Corroded Thickness, tcor = _0.232"

STEP 6 Check if measured indication depth is less than the permissible
corroded thickness {tcor). '

Permissible Corroded Thickness = tegp = _0.232"
Indication Depth = d = _0,0325"

4 . d < teor, then indication is acceptable, stop, skip
remaining steps. :

s @ > teops then continue.
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VERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #1

b

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

Free Shell Region, Figure 8
— Ring Girder (Local) Shell Region, Figure S

___, Factor "F" =
S___, Factor "F" =

Largest multiplier factor "F" =

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

D) =DxF
D’ = X

]

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’,qj) to account for reduced wall
thickness measured.

Original Wall thickness, Tg = __0.584"
Measured Wall Thickness, t =

Adjusted d’ = d’' - [Ty - 1) =
Indication Depth, d =

.y d < Adjusted d’, Indication is Acceptable.
» d > Adjusted d’, Weld Repair Required.
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VERMONT YANKEE TORUS SHELL ?« 04“/7-5‘
TORUS SHELL INDICATION SAMPLE CALCULATION #2

MITRE RING  GIRDER
¢ MIDBAY / MIDBAY ¢

LINEAR
INDICATION

4.285"

b s e e A — — o ——— . —— - —— — — ]
L e e i — —— — e SAm A e i

R=04.64
l —= 9.8550" l=— —=19.8550" =
FREE SHELL  LOCAL SHELL  FREE SHELL
1 ¢ (OUTSIDE)
L | INDICATION L =133.122"
LOCATION =N/A

TORUS D=4.285" d=0.281"
BOTTOM [ *
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A
VERMONT YANKEE TORUS SHELL L c’5/7 b
TORUS SHELL INDICATION SAMPLE CALCULATION #2

STEP 1 Circumscribed diameter of indication area
D=_4.286"

STEP 2 Maximum depth of indicationd = __0.28]"

STEP 3 Confirm that 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
an and |ldﬂ

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

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

Ly = _133.122" Lies in Arc Region S_3_
Ly = N/A lies in Arc Region S___

S_3_ Permissible Corroded Thickness, tcor = 0.279"/0.315"
S___ Permissible Corroded Thickness, tcor =

STE? 6 Check if measured indication depth is less than the permissible
corroded thickness (teor).
(133.122"-115.89")
Interpolated teop = .279" + (.315-.279)--cvmammccmncnan. = 290"
(173.84"-115.89")

Permissible Corroded Thickness = teopr = _0.290"
Indication Depth = d = __0.28]"

l__, d < teor, then indication is acceptable, stop, skip
remaining steps.

» d > tegr, then continue.
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TORUS SHELL INDICATION SAMPLE CALCULATION #2

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

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

Factor "F" = .
Factor "F"

—

)

gru—

]

Largest multiplier factor "F" =

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

0 =DxF
D': x =

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’zqj) to account for reduced wall
thickness measured.

Original Wall thickness, Tq = _ 0.584"
Measured Wall Thickness, t =

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

, d < Adjusted d’, Indication is Acceptabie.
, d > Adjusted d’, Weld Repair Required.
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ORUS SHELL INDICATION SAMPLE CALCULATION #3

MITRE RING GIRDER
¢ MIDBAY / MIDBAY ¢

LINEAR
INDICAT!ON

5.707"

e . e G m— e - — — — — e ot e

T
I
|
|
!
l
I
!
I

' |
|
|
!
|
I

!

‘ —= 9.8550" l=— —»19.8550" [=—

——y aee)canll
—

FREE SHELL . LOCAL SHELL  FREE SHELL
1 (OUTSIDE)
INDICATION 14 =55.125"
LOCATION Ly=N/A
TORUS —» D=5.707" d=0.267"
BOTTOM { *

L7 L {\——\_Z—ﬁ_f {=0.571

}

\
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TORUS SHELL INDICATION SAMPLE CALCULATION #3

STEP 1 Circumscribed diameter of indication area
D=_5.707"

STEP 2 Maximum depth of indication d = __0.267"

STEP 3 Confirm that 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 l'ld"

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

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

L1 = 55.125" Lies in Arc Region S_5_
Lz = N/A Lies in Arc Region S___

0.225"/0.232"

$_5 Permissible Corroded Thickness, tcgqr
S___ Permissible Corroded Thickness, tcop

STEP & Check if measured indication depth is less than the permissible
corroded thickness (tegr).

Permissible Corroded Thickness = tcqp = 0.225"/0.232"
Indication Depth = d = __0.267"

» d £ teors then indication is acceptable, stop, skip
remaining steps.

., d> teop, then continue.
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STEP 7 Determine circumscribed diameter multiplier.
(F) From the table of Figure 8 or 9.

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

S 5, Factor "f" = __0.957
S__, Factor "F" =

Largest multiplier factor "F" = _ 0.957

STEP 8 Determine equivalent diameter (D’} which circumscribes the
indications.

D) =D xF
D! = 5.707" x __0.957 = _b.462"

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

J Free Shell, Figure 8
Local Shell, Figure 9

Allowable Depth d’ = 0.368"

¥

Adjust allowable depth (d’,qj) to account for reduced wall
thickness measured.

Original Wall thickness, Ty = __0.584"
Measured Wall Thickness, t = _ 0.571"

Adjusted d’ = d’ - (Tq - t) = _ 0.355"
Indication Depth, d = .267"
J _, d < Adjusted d’, Indication is Acceptable.
>
————ra

d
d > Adjusted d’, Weld Repair Required.
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TORUS SHELL }NDIC TION SAMPLE CALCULATION #4
MITRE RING GIRDER
¢ MIDBAY h / MIDBAY ¢

R=24.64"

CORRODED AREA
CLUSTER OF PIIS

‘ —= 9.8550" t=— —=9.8550" '-‘* J

T
|
!
|
|
|
I
l
|
I
!
l
I
|
!
!

= e e —

FREE SHELL LOCAL SHELL  FREE SHELL
S (OUTSIDE)
L4 =38.125"
LOCATION p=43.253"

4

5.128"

TORUS D=6.312" d=0.277"
BOTTOM . [ +

L Ly } RL% £=0.584
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TORUS SHELL INDICATION SAMPLE CALCULATION #4

STEP 1 Circumscribed diameter of indication area
D= __6.312"

STEP 2 Maximum depth of indication d = __0.277"

STEP 3 Confirm that no additional indications are found within a 24.64"

radius. J_ confirmed.

STEP 4 If Step 3 is viclated, re-circumscribe the area and re-determine
IIDI] and Ndil

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

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

Ly = _38.125"  Lies in Arc Region S_5_
12 = _43.253" Llies in Arc Region S_5_

S_5_ Permissible Corroded Thickness, tcor = £.450"/0.471"
S_5 _ Permissible Corroded Thickness, tcor = 0.450"/0.471"

STEP 6 Check if measured indication depth is less than the permissible
corroded thickness {tcor).

Permissible Corroded Thickness = tcgpr = 0.450"/0.471"
Indication Depth = d = __0.277"

—J ., d & teop, then indication is acceptable, stop, skip
remaining steps.

s d > teop, then continue.
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STEP 7 Determine. circumscribed diameter multiplier.
{(F) From the table of Figure 8 or 9.

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

, Factor "F" =
Factor "F" =

U)|U)

—

Largest multiplier factor "F" =

STEP 8 Determine equivalent diameter (D’} which circumscribes the
indications.
B’ =DxF
D! = X =

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

Free Shell, Figure 8
Local Shell, Figure 9

Allowable Depth d’ =

*

Adjust allowable depth (d’aqj) to account for reduced wall
thickness measured.

Original Wall thickness, Ty = __0.584"
_ Measured Wall Thickness, t =

Adjusted d’ = d’ - (T - t) =
Indication Depth, d =

< Adjusted d’, Indication is Acceptable,
> Adjusted d’, Weld Repair Required.

— d
— . d
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TORUS SHELL INDICATION SAMPLE CALCULATION #5 -

MITRE RING GIRDER

¢ MIDBAY / MIDBAY ¢
1 )]
| |
l |
| | :
| |
! |
: ‘ D=2.261"
:
i e
: Vg 823"
!
|
l R=24.64

—l 0.8550" l=— —»i 9.8550" =
TFREE SHELL  LOCAL SHELL FREE SHELL
4 ¢ (OUTSIDE) |
INDICATION L} =221.75"
LOCATION \y=223.575

¢

1.823"

TORUS D=2.261" d=0.451"
BOTTOM [ {

+
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STEP 3

STEP 4

STEP §
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VERMONT YANKEE TORUS SHELL Pﬂ‘i’/ 75

TORUS SHELL INDICATION SAMPLE CALCULATION #5

Circumscribed diameter of indication area
D=_2.261"

Maximum depth of indication d = __0.451"

Confirm that no additional indications are found within a 24.64"
radius. J___ caonfirmed.

-

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 shell region, Figure 6
. Local shell region, Figure 7

L1 = _221.75"  Lies in Arc Region S_2_
Lp = _223.573" Lies in Arc Region S_1_

S_2  Permissible Corroded Thickness, tcgy = 0.460"/0.434"
S_1_ Permissible Corroded Thickness, tcor = __0.434"

Check if measured indication depth is less than the permissible
corroded thickness (tcqp).

Permissible Corroded Thickness = tcop = __0.434"
Indication Depth = d = __0.451"

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

4, d> teors then continue.
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STEP 7 Determine circumscribed diameter multiplier.
{(F} From the table of Figure 8 or 9.

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

S_2 , Factor “F" = _ 0.830
S 1, Factor "F" = _0.913

Largest multiplier factor "F" = _ 0.913

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

D' =DxF
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
L Local Shell, Figure 9

Allowable Depth d’ = 0.461"

*

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

Original Wall thickness, Tq = __0.584"
Measured Wall Thickness, t = __0.576"

Adjusted d’ =d’ - (To - t) = _ 0.453"
Indication Depth, d = __0.451"

J ., d £ Adjusted d’, Indication is Acceptable.
» d > Adjusted d’, Weld Repair Required.



“pTELEDYNE
}'gcgz ; ga'l Report ENGINEERlNG SERV'CES

TAB conrenrs | YC-1032 ATTACHMENT A .
FZ Joch PAGE

1.0 INTRODUCTION

r

2.0 TORUS SHELL ANALYSIS

2.1 Minimum Torus Shell Thickness Requirements
2.2 Permissible Local Reduction in Torus Shell Thickness
for an Indication

3.0 VENT SYSTEM SHELL STRESS ANALYSIS

o =] (34} w N

3.1 Minimum Vent System Shell Thickness Requirements X
3.2 Permissible Local Reduction in Vent System Thickness
for an Indication , ' 10

4.0 REFERENCES 13

APPENDIX A - QUALITY ASSURANCE INFORMATION

| APPENDIX B - SAMPLE TORUS SHELL CALCULATIONS FOR POSTULATED
INDICATIONS



" LM,. “\"“TELEDYNE
DES PROJ. NO. i@\ ENGINEERING SERVICES
VAETE TR T LEASE

mu %4@’:- g IZA
AL (heares Conaten)

PROJECT NO. 7426 DATE //-22-9/

DOCUMENT 1D NO.  7426-1 REV. NO. 1

TYPE OF DOCUMENT  CALCULATION NUMBERS OF PAGES 123
TITLE

Mark I Torus Shell and Vent System Thickness Requirements

Vermont Yankee Nuclear Station

REV DESCRIPTION
Editorial changes per ECQ No. 8920

THE FOLLOWING COMPUTER RUNS APPLY TO THIS DOCUMENT:

SOFTWARE
RUN ID DATE TIME PROGRAM NAME/VERSION ERROR_CHECK.

N/A

[o)9 (3,4 -+ w rno [
. - . . . .

If more space is requ’ir_ed, attach additional pages.
ORIGINATOR / DAYE  ,/.2/-0/
CHECKER ‘ A DATE  f/-27-97

THIS DOCUMENT HAS BEEN VERIFIED AND IS IN COMPLIANCE WITH THE REQUIREMENTS OF THE TES

QUALITY ASSURANCE PROGRAM.
VERIFIER %M oate  nar/k,

APPROVED FOR RELEASE .
_PROJECT MANAGER - ' DATE  //-22-9/

GAE /&-—» ] /%“./4}/" DATE /-2 2 ~7/




- : . VYC-1032 ATTACHMENT B
“;“TELEDYNE ENGINEERING SERVICES

eV (HLE.  vave tf-2/-9/ VERMONT YANKEE sueevno.___/___or_%4,
CHKD. svrﬁﬁmrz_/f_@:ﬁ’. SHELL THICKNESS REQUIREMENTS prOJ No.___ 726
CALCULATION PACKAGE 7426-1 Pevision |

LIST OF REVISIONS

Revision Date Description of Revision
0 12-28-90 Original Issue

1 i1-22-91 Page 5, LIST OF FIGURES
Figure 17, changed UPPER to LOWER in title.
Figure 18, changed LOWER to UPPER in title.
Figure 23, added 1/4" THICK before VENT PIPE/SRV
in title.
Page 7, 2nd paragraph, corrected name of plant to A
Vermont Yankee.
Pag$ 38, Figure 17, changed UPPER to LOWER in
title. .
P?g$ 39, Figure 18, changed LOWER to UPPER in
title.
Page 43, Figure 22, relocated Tcy, 1ine and arrow
to align with the 0.182" thickness location.
Page 44, Figure 23, added 1/4" THICK before VENT
PIPE/SRV in title.




N T T T e el Ay

" 4~TELEDYNE ENGINEERING SERVICES

) é
oY L2/ LT_oare f2/2- VERMONT YANKEE sweervo_-2 __oF

chxp, 8 Z47 oate/Z-/7-9e | SHELL THICKNESS REQUIREMENTS | PROLNO. 2426
T CALCULATION PACKAGE 7426-1 '

VYC-1032 ATTACHMENT B

TABLE OF CONTENTS

PAGE
1.0 INTRODUCTION b
2.0 TORUS SHELL ANALYSIS ' ‘ 7
2.1 Minimum Torus Shell Thickness Requirements 8
2.2 Permissible Local Reduction in Torus Shell Thickness
for an Indication _10
3.0 VENT SYSTEM SHELL STRESS ANALYSIS /2
3.1 Minimum Vent System Shell Thickness Requirements _
3.2 Permissible Local Reduction in Vent System Thickness
~ for an Indication , 15
4.0 REFERENCES . /8
- APPENDIX A - TORUS AND VENT SYSTEM REQUIRED SHELL THICKNESS
CALCULATIONS o . A-l_
A.1 TORUS SHELL THICKNESS CALCULATIONS A-é
A.2 VENT SYSTEM THICKNESS CALCULATIONS A-14
APPENDIX B - PERMISSIBLE INDICATION SIZE CALCULATIONS B-/
B.1 TORUS SHELL RANGE OF INDICATION SIZES B-/3
B.2 VENT SYSTEM RANGE OF INDICATION SIZES B-20

APPENDIX C - SAMPLE TORUS SHELL CALCULATIONS FOR POSTULATED S
INDICATIONS ) _ c-1}



o3 S wC

" 4 ™“TELEDYNE ENGINEERING SERVICES

¥ 3
oYL L3, oare S VERMONT YANKEE SHEET No. oF

CHXD. sv,éﬁf_omiz_ﬁ-iv_ " SHELL THICKNESS REQUIREMENTS | PROJ NO. 7424
' CALCULATION PACKAGE 7426-1 .o

A

ust oF manes VYC1032 ATTACHMENT B

PAGE

TABLE 1. MINIMUM TORUS SHELL THICKNESS REQUIREMENTS,
VERMONT YANKEE NUCLEAR STATION 20

TABLE 2. MINIMUM VENT SYSTEM THICKNESS REQUIREMENTS, :
VERMONT YANKEE NUCLEAR STATION | 2l



ta Tt wae iee o AT e o e i e it e i T et L aat e BTt aee a0 miaty L 6 hi e i e et S AL AL e s AR A e B e ol i s

" 4™TELEDYNE ENGINEERING SERVICES

Bv L2/L5,_owve L2/ 220 VERWONT YANKEE sarrin__ ¥ —_or_
CHKD. sv/éﬁ’_nm/_z;/.‘};‘iz 'SHELL THICKNESS REQUIREMENTS | PROJ.NO. 44
: CALCULATION PACKAGE 7426-1 '

LIST OF FIGURES

FIGURE 1. ROTATED AXIS VIEW - VERMONT YANKEE,

1/32 DETAILED SHELL MODEL

FIGURE 2.  MAXIMUM STRESS LOCATIONS - VERMONT YANKEE,.

1/32 MODEL - UPPER HALF OF SHELL

FIGURE 3. MAXIMUM STRESS LOCATIONS - VERMONT YANKEE,

1/32 MODEL - LOWER HALF OF SHELL

FIGURE 4. LOCAL TORUS SHELL STRESS REGIONS, VERMONT YANKEE

FIGURE 5.

NUCLEAR STATION

TIONS

FIGURE 6. PERMISSIBLE CORRODED THICKNESS FOR THE TORUS CROSS-

SECTION AT MID-BAY (FREE SHELL REGION),
VERMONT YANKEE NUCLEAR STATION

FIGURE 7.  PERMISSIBLE CORRODED THICKNESS FOR THE TORUS CROSS-

SECTION ADJACENT TO RING GIRDER (LOCAL SHELL REGION),

VERMONT YANKEE NUCLEAR STATION

FIGURE 8.  PERMISSIBLE SIZE RANGE FOR INDICATION, FREE-SHELL

REGION OF THE TORUS, VERMONT YANKEE NUCLEAR STATION

FIGURE 9.  PERMISSIBLE SIZE RANGE FOR INDICATION, RING GIRDER

FIGURE 10.

REGION OF THE TORUS, VERMONT YANKEE NUCLEAR STATION

FIGURE 11. . VENT HEADER/DOWNCOMER INTERSECTION MODEL,

VERMONT YANKEE NUCLEAR STATION

FIGURE 12. VENT PIPE/SRV LINES A THRU D PENETRATION STARDYNE

COMPUTER MODEL, VERMONT YANKEE NUCLEAR STATION

FIGURE 13. FREE AND LOCAL SHELL REGIONS FOR THE VENT HEADER,

VERMONT YANKEE NUCLEAR STATION

FIGURE 14. PERMISSIBLE SIZE RANGE FOR.INDICATION, VENT PIPE,

VERMONT YANKEE NUCLEAR STATION

FIGURE 15. PERMISSIBLE SIZE RANGE FOR INDICATION, VENT HEADER,

VERMONT YANKEE NUCLEAR STATION

MARK I STRUCTURAL ACCEPTANCE CRITERIA EVENT COMBINA-

VYC-1032 ATTACHMENT C

PAGE

—

27

.28

VENT SYSTEM BEAM MODEL, VERMONT YANKEE NUCLEAR STATION 3|



e R et tam et v e VA eim e It iaiee aeEmS A % Am s ¢ StAS To s S et

' VYC-1032 ATTACHMENT B
“TELEDYNE ENGINEERING SERVICES

v 2.5, owell=2/9/ VERMONT VANKEE sueerno.__5_or_¥6
chwo. sy (G0F oate /- 29" | SHELL THICKNESS REQUIREMENTS PROJ. No.__ 2/ 26
CALCULATION PACKAGE 7426-1 Levision [
PAGE
FIGURE 16. FREE AND LOCAL SHELL REGIONS FOR THE DOWNCOMERS,
VERMONT YANKEE NUCLEAR STATION 37
FIGURE 17. PERMISSIBLE SIZE RANGE FOR INDICATION, LOWER DOWNCOMER, | A\
VERMONT YANKEE NUCLEAR STATION | 38
FIGURE 18. PERMISSIBLE SIZE RANGE FOR INDICATION, UPPER DOWNCOMER, | A\
VERMONT YANKEE NUCLEAR STATION | 31
FIGURE 19. VENT SYSTEM VENT PIPE/SRV LINES A THRU D .
VERMONT YANKEE NUCLEAR STATION o
_ FIGURE 20. LOCAL SHELL REGIONS, VENT PIPE/SRV LINES A THRU D
PENETRATION, VERMONT YANKEE NUCLEAR STATION ¢/
FIGURE 21. PERMISSIBLE SIZE RANGE FOR INDICATION, VENT PIPE/
SRV (A THRU D) AT NOZZLE INTERSECTION 2
VERMONT YANKEE NUCLEAR STATION 7
FIGURE 22. PERMISSIBLE SIZE RANGE FOR INDICATION, VENT PIPE/
SRV (A THRU D} AT EDGE OF WAGON WHEEL
VERMONT YANKEE NUCLEAR STATION 73
FIGURE 23. PERMISSIBLE SIZE RANGE FOR INDICATION, 1/4" THICK A
VENT PIPE/SRV (A THRU D) AT EDGE OF 3/4" PAD ‘
VERMONT YANKEE NUCLEAR STATION 44

FIGURE 24. LOCAL SHELL REGIONS, VENT PIPE/SRV LINES A THRU D
LOWER SUPPORT ATTACHMENT, :
VERMONT YANKEE NUCLEAR STATION , Y5

FIGURE 25. PERMISSIBLE SIZE RANGE FOR INDICATION, VENT PIPE/ ,
SRV (A THRU D) AT LOMER SUPPORT .- ' i
VERMONT YANKEE NUCLEAR STATION 96



B T T R SIMIE L AT U A T Sl Ziotmee I Faain Toe i e e e

| VYC 1032 AT]‘ACH MENT B
“p™TELEDYNE ENGINEERING SERVICES

SHEET [4
nvﬁ_/.’iﬁ_mmm . VERMONT YANKEE NO. é‘ OF vd

cuo. v 247 oare/2-/9-92 ] SHELL THICKNESS REQUIREMENTS | Pros.Ne Z¥ZC
- CALCULATION PACKAGE 7426-1

1.0 INTRODUCTION

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

The torus shell analysis of record will be reviewed herein using
available informatipn to:

1. Map the profile of the required minimum shel] thickness for the
" symmetric torus bays.

2.  Determine the permissible local reduction in shell thickness at
midbay bottom dead center, the location of Teast margin, for a
range of postulated indications.

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 combinatxons
3. Identify and report on analysis conservatisms which might signif-

"jcantly decrease the required minimum wall thickness with addi-
tional. refinement, if any.
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2.0 TORUS 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)
Jocations 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 this documentation TES determined that the torus
shell analysis conservatisms had been previously considered and eliminated
as a practical consideration for demonstrating compliance with the Code
requirements during the original evaluation. Some of the important refine-
ments which eliminated the analysis conservatism and reduced the number of
modifications at the Vermont Yankee include: !ZCS

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 for the various loading conditions, to combine all data
on a component stress ievel, and to produce final results for the
27 Mark I event combinations.

. Redefinition of 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.
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Therefore, it is our opinion that additienal refinement of the Mark I
torus shell analysis would not be practical to increase the margin on torus
shell thickness.

2.1 Minimum Torus Shell 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) to obtain event
combination stress output at specific locations from our DISTRESS torus
shell stress postprocessor (Referepce 7). Because of the large volume of

~ data available for postprocessing during 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 in Figures ‘2 and 3. It is our opinion
that this information is adequate to determine the minimum thickness
requirements since the major loads (i.e., pressure, DBA condensation
oscillation, poolswell} are relatively constant along the longitudinal axis
of the torus bay. '

The minimum thickness requirements at the midbay (free-shell)
Tocation of the torus shell are governed by the primary membrane stress
(Py) obtained from the one- th1rty 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 minimum
thickness requirements are governed by the primary local stress (P_). The
primary local stress region extends for a distance of a 9.8550 inches or
one-'équare-root-of-mean-radius—times-thickness (1.0/Rt) from the
intersection of the ring girder longitudinally along the torus bay
(Figure 4).
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Code compliance for primary membrane and pfimary Tocal stress
intensity shall be determined based on comparison of the actual event
stress intensity (i.e., from the finite-element analysis of the torus
shell) to the Code allowable stress wh1ch is a function of the event ser-
vice 1imit as defxned by the structural acceptance criteria (Reference 6}.

Service Limjt Aljowable

Stress Intensi Aor B C
PM | SMe Larger of 1.2 Syc

or 1.0 Sy
PL 1.5 Smc Larger of 1.8 Spc

or 1.5 Sy

The Mark I program event combinations to be reviewed are those
whlch were previously found to control the 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 of these event
comb1nations can be eliminated from further cons1derat10n without

- increasing the conservatism as follows:

. 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 andAZI, is OBE versus SSE seismic 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
Timit events with a minimum 20% increase in allowable
stress. 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 (Pg) 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:

(Pg)R/L s'SMc for Py
or (PoJR/t ¢ 1.5 Syc for P

where Po - equivalent pressure (psi)
R - torus mean radius (166.292 inches)
.t - required thickness (i.e., < 0.584 inches)

Table 1 provides the minimum thickness requirements as calculated
in Appendix A for the two torus shell Tocations adjacent to the ring girder
(Tocal 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
adjaéent to the ring girder extend longitudinally 9.8550 inches along the
torus shell. In addition, on the torus shell mitre 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 is
governed by the midbay thickness requirements.

2.2 Permjssib1e Local Reduction in Torus Shell Thickness for_ an indj-
cation

. An jndication,‘which may be found upon inspection of the torus
shell (Figure 4), may be acceptable if it does not meet the screening cri-
teria of 2.1, Table 1, for required shell thickness (Figures 6 and 7)
provided that it meets the local stress criteria of the Code for the par-
ticular location of concern.
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A generalized compatibility analysis to determine ;he'efféct of a
cylindrical depression on a uniform stress distribution was performed
(Appendix B) for a large circular plate of constant thickness. ‘

Figure 6 for the free shell and Figure 7 for the local shell
regions of the torus are based upon this analysis using the necessary
Vermont Yankee torus parameters. Therefore, i1f an indication is found in
these regions which dees not meet the minimum wall thickness requirements
of Table 1 or Figure & (the perm1ss1ble corroded thickness of the free-
shell region) or Figure 7 (the permissible corroded thickness of the local
shell region adjacent to the ring girder), the following procedure may be
performed using the appropriate Figure 8 or 9.

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

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 leccal to the
circumscribed area within 24.64 inches or two-and-one-half-
square-roots-of-mean-radius-times-thickness (i.e., 2.5/Rt).

4. If the criterion of 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.

5. .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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3.0

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.

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 mu]tip]ier (F).

Determine the equiva]eht diameter (D’) which circumscribes
the indications:

D =D xF

Using D’ and the appropriate Figure 8 or 9 curve, determine

the allowable indications depth d’ and compare it to the

measured depth d:
d <d’

Note that the allowable depth (d’) shall be measured based
on the uncorroded nominal shell thickness.. Adjust the
allowable depth (d‘) to account for reduced wall thickness
measured. Subtract the difference between the original wall
thickness (7o) and the measured wall thickness (t) from the
allowable depth (d’) to obtain the adjusted d’. See
Appendix C for sample calculations.

VENT SYSTEM SHELL STRESS ANALYSIS

(3

TES has reviewed the calculation packages (References 9 through 16)

and drawings {References 17 and 18) associated with the drywell vent system
and has determined that the shell thicknesses used for the vent system
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components during the Mark I Torus Requalification Program analyses of
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 combmation of hand calculations and two
STARDYNE (Reference 8) models; a beam model (thur‘e 10) for general loading
(Reference 9); and a detailed finite-element model {Figure 11) for the
downcomer/vent header intersection (References 11, 12 and 15). The less
detailed beam model analysis was passible in this case for two reasons:
first, because GE provided the BWR Owner’s Group detailed stress
intensification factors for each specific BWR vent pipe/vent header
intersection 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 all components with the exception of the vent
header at the downcomer intersection. The vent header/downcomer
intersection eventually required a modification to the downcomer pairs, tie
bars,. 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 calculations and
one detailed finite-element STARDYNE model (Figure 12). The shell analysis
of the vent pipe/SRY 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 Tow 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
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event combinations analyzed. -These two event combinations (Reference 10),
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). The resultant stress intensities were also conservatively
‘cdlculated without regard to location and were compared to Code allowables.

Based on our recent review of this work, it does appear that an addi-
tional margin exists for some of 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 Tess conservative stress analysis
techniques and the presently available loads.

3.1 Hinimum_Vent Svystem Shell Thickness Reguirements

TES has reviewed the vent system analysis packages (References 10
and 11} to determine the minimum shell thickness requirements for each of
the .major components: the vent pipe, vent pipe/header intersection, vent
header and downcomers. The calculation of 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 of the known available mar-
gins, much of the vent system stress analysis was completed in a con-
servative fashion by hand. In most instances the amount of data presently
available without completing a more refined analysis for each of the major
components is limited. Therefore, additional conservative assumptions were
requifed 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
thickness requirements' are determined for the free shell and the local
-shell. 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/heéder 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 Lines A, B, C and D). B

3.2 Permissible Local Reduction in Vent System Thickness for an Indi-
cation

An indication which may be found upon inspection of 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 if it does not meet the screening criteria of
3.1, Table 2, provided that it meets the local stress criteria of the Code
for the particular location of concern.

. The generalized compatibility analysis of Appendix B, as
described in Section 2.2, was used to perform these analyses as provided in

Appendix B.2 and Figures 14 through 25 herein.

The procedure for the use of Figures 14 through 25 for an indi-
cation in its final-blended and as-examined state is as follows:

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

2. Determine the maximum indication depth (d).

L P S )
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3. Assure that no additional indications are found local to the
circumscribed area within two-and-one-ha]f-square-roots—of-
mean-radjus-times-thickness (i.e., 2.5/Rt) as listed below.

Vent System - Thickness  Radius C2.5/Rt
_Component : in in —in
_Vent Pipe .250 40.625 7.97
Vent Pipe/SRV Penet. 250 40.625 e
Vent Pipe/SRV Sup’t .250 40.625 7.97
Vent Header .250 28.625 | 6.69
Downcomer .250 11.875 4.31

.375 11.875 5.28

4. If the criterion of 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. .

5. If the measured indication depth (d) is less than the per-
missible corroded thickness (remaining thickness) of Table 2
for the appropriate location, the indication is acceptable
and the remaining steps may be skipped.

6. Review Figures 14 through 25 to determine the.appropfiate
curve for the region of the vent system that contains the
circumscribed indications. ’
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7. Using D’ and the appfopriate figure and curve, determine the
allowable indications depth d’ and compare it to the mea-
sured depth d:

d ¢d

Note that the allowable depth (d’) shall be measured based
on the uncorroded nominal shell thickness. Adjust the
-allowable depth (d’) to account fo}' reduced wall thickness
measured. Subtract the difference between the original wall
thickness (T,) -and the measured wall thickness (t) from the
allowable depth (d’) to obtain the adjusted d’. See
Appendix C for sample calculations.
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TABLE 1
MINIMUM TORUS SHELL THICKNESS REQUIREMENTS
VERMONT YANKEE NUCLEAR STATION
Elem/Arc No. Required Thickness Remaining Thickness
(Midbay} (inches) (inches)
27/51 .236 .348
25/82 .269 315
23/83 .305 .279
21/54 .352 .232
19/S5 .359 .225
17/56 .392 .192
17/57 .392 .192
15/58 .360 .224
13/59 322 262
11/510 .259 .325
(Ring Girder) .
159/81 .150 .434
153/52 .124 460
147/83 .150 .434
141/54 113 471
132/55 134 .450
132/S6 .134 .450
126/S7 .151 .433
120/58 .148 ‘ .436
114/59 .181 T .403
NOTE: Only lower shell elements are listed.
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TABLE 2
MINIMUM VENT SYSTEM THICKNESS REQUIREMENTS
VERMONT YANKEE NUCLEAR STATION
Component,. ' Shell Required Remaining
Location Thickness (in) Thickness (in) Thickness (in)
Vent Pipe - .250 - .158 .092
Vent Header - .250 11T .139 -
Downcomer .250 .156 .094
Downcomer .375 .235 .140
Vent Pipe at .
Drywell .250 .105 .145
Vent Header at
Mitre Joint .250 .234 .016
‘Vent Header at
Downcomer - .250 .244 .006
Downcomer at
Mitre Joint .250 .104 .146
Downcomer at
Mitre Joint 375 .156 .219
VP/SRV (A,B,C,D) |
Penetration at
Nozzle Inter. .750 .630 .120
VP/SRV (A,B,€,D)
Penet. at Edge
of Wagon Wheel .750 .568 .182
VP/SRV (A,B,C,D)
Penet. at Edge
of 3/4" Pad _ .250 .241 .009
VP/SRV (A,B,C,D) "
Lower Support ' .250 .241 .009
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ROTATED AXIS VIEW — VERMONT YANKEE
1/32 DETAILED SHELL MODEL

FIGURE 1
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VG102 NTTAGHMENT B

“/* TELEDYNE ENGINEERING SERVICES

BV A2 oare 220 VERMONT VANKEE suerno._Z7__or_Ye
cHko. BY/AE oate)2-21-90 | SHELL THICKNESS REQUIREMENTS pROS. No.__Z Y26
' CALCULATION PACKAGE 7426-1

PERMISSIBLE CORRODED THICKNESS FOR THE TORUS
CROSS—SECTION AT MID-BAY (FREE SHELL REGION)
VERMONT YANKEE NUCLEAR STATION

REACTOR

Arc Lengths
St = 260,757

(INSIDE) (OUTSIDE)

S2 = 231.78"
S3 = 173.847
$4 = 115.89"
SS = 57.95"

S6 = 28.97"

S7 = 86.92" -
S8 = 144.88"
S8 = 202.81"

S10 = 260.75"

NOTE: INTERMEDIATE . §eoTTOM
VALUES MAY BE
INTERPOLATED

FIGURE 6



“"TELEDYNE ENGINEERING SERVICES

BY_EM_DATEM . VERMONT YANKEE ' 8HEET NO. 28 OF e
cukD, BY 447 pate 2-2!-92 | SHELL THICKNESS REQUIREMENTS pROJ. NO.__ 24 2¢
CALCULATION PACKAGE 7425-1

PERMISSIBLE CORRODED THICKNESS FOR THE TORUS
CROSS—-SECTION ADJACENT TO RING GIRDER
(LOCAL SHELL REGION)

VERMONT YANKEE NUCLEAR STATION

REACTOR
(INSIDE) Arc Lengths

(OUTSIDE)
St = 260.75"

52 = 222.12"
S3 = 164.18"
S4 = 106.23"
S5 = 48.2¢"
S6 = 86.92"
S7 = 144.86"
S8 = 202.81"
S9 = 260.75"

[s1

£ sotTOM

NOTE: INTERMEDIATE
VALUES MAY BE
INTERPOLATED FIGURE 7
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15.0
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13.0
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DXF = D' (in)

11.0
10.0
8.0
8.0
7.0
6.0
5.0
4.0

- 3.0
2.0

1.0
0.0

"VERMONT YANKEE

'SHELL THICKNESS REQUIREMENTS

SHEET

" 4 "™TELEDYNE ENGINEERING SERVICES
sy LA, oaes22/-90

No. 27

ofF_4G

PROJ. NO._Z %26

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

ST 1] Tosse
‘tTreq , - ] 0.584
Teor = 0.192° . - l_ |
i Teor = 0.348"
- b
A ARC | FACTOR| GEN
R REGION g CORR.
W ' Tcor
o s1 0.776° | 0.348
- : S2 0.828 0.315
_ i S3 0.883 0.279
) S4 0.948 | 0.232
- 5| S5 0.957 | '0.225
_ L S6 1.000 | 0.192
H S7 1.000 0.192
- 1l S8 0.958 0.224
_ : : S9 0.906 | 0.262
i t . S10 0.812 0.325
1
~ EI
B 2 DT I
O P : T\
lIl'l.iIlJl.Il!l:!llll.lll!l.llll;lljl’!llll.l .ll!lLillLLl
0.125 0.25 0.375 0.5 0.625
©.0.584

d’ (in)

FIGURE 8
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"VERMONT YANKEE

SHELL THICKNESS REQUIREMENTS

26-1

SHEET NO.__.30

oF__Y6

prOJ. No.___ 74 26

PERMISSIBLE SIZE RANGE FOR INDICATION
- RING. GIRDER ' REGION OF THE TORUS
. VERMONT YANKEE NUCLEAR STATION.

18.0
17.0
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15.0

14.0.
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1.0
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FIGURE 9

-'-.-. ‘
3 Ycor = 0.403" Teor = 0.471" ’
B ‘ ji | O
N 3 ARC | FACTOR| GEN'
B : REGION | "F” CORR.
: : Tcor

i S St 0.931 | 0.434
" N s2 | 0.830 0.460
i N S3 0.911 0.434

* S4 0.792 0.471
- : S5 | 0.862 0.450
i S6 0.862 0.450

S7 0.915 | 0.433
B S8 0.904 0.436
B A Sg |- 1.000 0.403
_ I
I
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[~ : : n\:
Llllll:f'!l‘l’llll;!l!l‘lllll.ll!l:llij.lllll Y ) :
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70 TELEDYNE ENGINEERING SERVICES

8 L5 oare L22/- sHeErNO.__ D! _or Y6
VERMONT YANKEE N, 7Yk

cuo. By SAE pare JL:21272 SHELL THICKNESS REQUIREMENTS

26-1
o IlNODES/—/_?'
SPAN(TYP?

—RING HEADER
DOWNCOMER |

VENT HEADER
SUPPORT
COLUMN

VENT PIPE

7 VENT HEADER INTERSECTION
c s (STIFFNESS MATRIX INPUT)

|

SYMMETRY BOUNDARY
CONDITIONS

- VENT SYSTEM BEAM MODEL,
VERMONT YANKEE NUCLEAR STATION

FIGURE 10
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" 4 TELEDYNE ENGINEERING SERVICES

7426

SHEBT NO.__ 32 __oF_Y6

PROJ. NO.

, VERMONT YANKEE
SHELL THICKNESS REQUIREMENTS

(L CALCULATTON PACKAGE 7426:]

D

ay

3

ATELPP/ 200

1Z-21-92

DATE

END NODES FIXED

SUPPORT COLUMNS

' 45?9*{
BOUNDARY -

' CONDITIONS
. THIS END

TIE BARS

VENT HEADER/DOWNCOMER INTERSECTION MODEL,

VERMONT YANKEE NUCLEAR STATION

FIGURE 11
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SHEETNo._ 33 or_Ye
4N

PROJ. NO.

: VERMONT YANKEE
SHELL THICKNESS REQUIREMENTS

CALCULATION PACKAGE 7426-1

chkp. BY SAE pate [2-2-72

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

FIGURE 12
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“/" TELEDYNE ENGINEERING SERVICES

BY . DATE -~/ = VERMONT YANKEE SHEET NO. 3‘{ OF vl

cuko. BY ZAZ oate2-21-92 | SHELL THICKNESS REQUIREMENTS PROJ. NO.__J ¥ 2%

CALCULATION PACKAGE 7426-1

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

VENT
HEADER

1
LJ\ TYPICAL DOWNCOMER

cﬁ/ VENT PIPE
P —— ]

' VENT HEADER
MITRE

VENT HEADER COWNCOMER

SUPPORT RING

CVENT
HEADER

S

. .o eg gy FOR Pt
2.68 2.68" 288 T pCA cas: S
| (o S0

i 2.68" —

s LOCAL REGIONS (1.0 JRT ) = 2.68"

FIGURE 13
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SHEET NO.__ 35 __or_Y &

BY paTe22/-20 VERMONT YANKEE
CHKD. BY paTE/2-21-92 | SHELL THICKNESS REQUIREMENTS PROJ. NO.__ 7726

CALCULATION PACKAGE 7426-1

PERMISSIBLE SIZE RANGE FOR INDICATION

VENT PIPE

VERMONT YANKEE NUCLEAR STATION

[

=
; r0.250"

6.0 .
5.0k, :
I
—~~ 4’.0 = : :
S A
~ B : e,
o 3oL s

20F

1.0+

1
¢

— . — — G— fo— A

sensevreseanssavsishorraana .

| Tcor = 0.092" (VENT PIPE)

| Tcor = 0.145" (AT DRYWELL)

1:
|
I
E

0-0 Il!!:Lll![tlll;llllIll!L:llll‘llll’l‘lJll_LL:llLlllI.J

0.050 0.100 0.150 0.200 0.250
d’ (in)

FIGURE 14
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“p*TELEDYNE ENGINEERING SERVICES

BY oare/22L-201 VERMONT YANKEE SHEETNO._ 3G o Y C
cukp. BY L AF pate [2-21-92] SHELL THICKNESS REQUIREMENTS PROJ. KO, 7Y 26
CALCULATION PACKAGE 7426-1

PERMISSIBLE SIZE RANGE FOR INDICATION
VENT HEADER
VERMONT YANKEE NUCLEAR STATION

| ; . T(.";Or
W d B 0.250"

Teor = 0.006" (AT DOWNCOMER)

| Tcor = 0.016" (AT MITRE)  Tcor = 0.139" (VENT HOR)
i A
6.0 I : ! : .
N
50H |1
1IN
— 40H | i
C : ..
= = .
o sl [P 1
NG - VENT HORE, N
. . AT MITRE - Ty aENT 4
) : - VENT HDR
2‘0_: : NGNS T . GENERAL
IRE ~3 S
1.0Hl |- = VENT HOR: :
| | : AT DOWNCOMER : |
1 [ : : Pyt :
0.0 ln[l1“4|L11H|1!11‘11111!!]1[!!:1”1“ h thllj_l_f
0.050 0.100 0.150 0.200 0.250
& (in)

FIGURE 15
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2> TELEDYNE ENGINEERING SERVICES

BY 4 vate 222/ ) VERMONT YANKEE SHEETNO._ =27 oF_Y%

cuko, v O4E_oate12:2i-95 | SHELL THICKNESS REQUIREMENTS | pros.No._Z#Z&

CALCULATION PACKAGE 7426-1

FREE AND LOCAL SHELL REGIONS
) FOR THE DOWNCOMERS
VERMONT YANKEE NUCLEAR STATION

VENT HEADER
DOWNCOMER
T = 3/8
\ Vé = 217
_— \_ - ~\RT = 1.72°
Bl MITRE -~
DOWNCOMER
| ,,//f//FT = 1/4
- —L1'=11 1/2" 1D
. 8'=0" _

FIGURE 16
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“\"“TELEDYNE ENGINEERING SERVICES

VERMONT YANKEE

sHEET NO.__ 38 or__ %6

BY DATE//=Z/°
cumme/ -2)-% | SHELL THICKNESS REQUIREMENTS eRos.No.__ 7 ¥E6

CALCULATION PACKAGE

7426-1 Reorsten |

PERMISSIBLE SIZE RANGE FOR INDICATION |
LOWER DOWNCOMER |A
VERMONT YANKEE NUCLEAR STATION

TCO!‘

7 F; | : 0.250"

6.0

S.0F

40

D' (in)

3.0F

20

1.0F
o

OO l_LllillJl[llrl:illll!llllll!

Fcor = 0.094” (LOWER DOWNCOMER)

Tcor = 0.146” (AT MITRE)
)

L] L]
lh4n1n1|r|J|uLﬂ

0.

030 0.100 0
d’ (in)

FIGURE 17
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VYE‘-I 03é ATTAC;‘H MENT B
“"TELEDYNE ENGINEERING SERVICES

BY . DATE[L‘Z&QZ VERMONT YANKEE SHEET NO. 3? OF rd2
cuxo. by 287 oare #1-21-91 | SHELL THICKNESS REQUIREMENTS PrOJL No.__ 2/ E6
"CALCULATION PACKAGE 7426-1 Revisiom |

PERMISSIBLE SIZE RANGE FOR INDICATION
UPPER DOWNCOMER IA
VERMONT YANKEE NUCLEAR STATION

L ST o

| Teor = 0.140" (UPPER DOWNCOMER)

*Tcl:or = 0.219" (AT MITRE)

I:
: | i:
£ ] 1 [ 1

O'O lllIllll|llLllll!llLl!lIl|l|!l[ill!:llLlll lill|[4L1

0.075 0.15 0.225 0.30 0.375
d" (in)

6.0 :
50F
—~ 40F
= :
~ ol
o BN
3.0F g
7Kl S O N
S E N
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1.0 : T :
SRR

FIGURE 18



| VYC-1032 ATTACHMENT B
“TELEDYNE ENGINEERING SERVICES

BV LAL. oateP2)-90 VERMONT YANKEE SHEET No.__ 70 __oF_ %%
cnkp. BY A4 pate 2:2[ G| SHELL THICKNESS REQUIREMENTS pROJ. NO._ 726
CALCULATION PACKAGE 7426-1

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

VENT PIPE

| S
/\ J
© SEE DETAIL A )

3A8y
<l

SN ——
UV (M ———
. -

.5_\9“ r-\Q
Q) = =
' N
1
A/ :
SECTION A-A ' SECTION B-B
(SRV LOWER SUPPORT)
/ NOTE:

1. (x) LOCAL REGION
(1.0 RT = 3.19") FIGURE.19



C-1032 ATTACHMENT B
~TELEDYNE ENGINEERING SERVICES

BYM_BATEMQO VERMONT YANKEE SHEET NO.__ Y7/ OF 4

cuxo. oY A€ pate/2:2-92 | 'SHELL THICKNESS REQUIREMENTS PROJ. NO.__ 7426
- CALCULATION PACKAGE 7426-1

LOCAL SHELL REGIONS
VENT PIPE/SRV LINES A THRU D PENETRATION
VERMONT YANKEE NUCLEAR STATION

"SRV 10" PIPE
\
WAGON WHEEL

3/4" THK PAD

VENT PIPE
SHELL

VENT PIPE
SHELL

SECTION A-4A

 NOTE:
1. (*) VENT PIPE SHELL LOCAL REGION (1.0~JRT = 3.19")
2. (ss) WAGON WHEEL LOCAL AREA

FIGURE 20



VYC 1032 ATTACHMENT 5

“W"TELEDYNE ENGINEERING SERVICES

e LB oA (2290 VERMONT YANKEE sHeeT No.__¥Z__oF_ ¥
chp, BYZAC pare/Z-21-90 | SHELL THICKNESS REQUIREMENTS pROs. No._ 7Y 20
CALCULATION PACKAGE 7426-1

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

D' (in)

7.0

6.0f

5.0

4.0
3.0
2.0
0

- 0.0

Teor = 0.120°

I

[ . - ]
lLIll_l_llIlll_lLll!}llljllllllIILIl‘!:LLIlII'fl.lll_LlJ

0.15 0.30 0.45 0.50 0.75
d' (in)

FIGURE 21



e e e 103) AT TACH Wic.v .
“W\"TELEDYNE ENGINEERING SERVICES
BY (5. _varetr-2/-9/ VERMONT YANKEE SHEET No._T.3__oF ¥e
CHKD. BY pate [/~ -7/ | "SHELL THICKNESS REQUIREMENTS PROJ.NO.___ 27 26
CALCULATION PACKAGE 7426-1 Revision |

PERMISSIBLE SIZE RANGE FOR INDICATION
VENT PIPE/SRV (A THRU D) AT EDGE OF WAGON WHEEL
VERMONT YANKEE NUCLEAR STATION

Tcor = 0.182"
7.0

6.0F "

. . . . - . . . -
.

- . . - . . . N . P
3.0 AN : ; : : : s
. .. . . . - - - .
. “ . . . . : I
. Se . . . . : ..
. . * . . - - - . -

. . . . . . '

4.0

D' (in)

3.0

2.0F

1.0+

Do : : .
0.0 ll:LlllIll]l;llll‘llllillli]llll:_llJl‘ .[LIALIIII

0.15 0.30 0.45 0.50 0.75
d’ (in)

FIGURE 22



VYC-1032 ATTACHMENT 8
“’"TELEDYNE ENGINEERING SERVICES

oy L8 oarel/-E1-9/ VERMONT YANKEE SHEET NO. ¢ oF y
CHXD. avfgﬁmsﬂ'_’/ - SHELL THICKNESS REQUIREMENTS PROJ. NO._ 27/ 2&
CALCULATION PACKAGE 7426-1 Revision |

PERMISSIBLE SIZE RANGE FOR INDICATION
1/4" THICK VENT PIPE/SRV (A THRU D) A
AT EDGE OF 3/4” PAD

VERMONT YANKEE NUCLEAR STATION

-, [

{Treq N d ; rO.'QSO“

Tcor = 0.009"
i
6.0

5.0

40

D" (in)

3.0k

I
[
= |
2.0k
i
]
|
i
i
|
1
ll

1.0F

’ l L] I ) l ] 1
Y S TN L O A N 0 O T I I l!lllil!l[l llllllll

0.050 0.100 0.150  0.200 0.250
d' (in)

0.0

FIGURE 23



VYC-1032 ATTACHMENT B
+"TELEDYNE ENGINEERING SERVICES -

BYMDATEMQO VERMONT YANKEE: SHEETY NO. 5/:7’ OF yé
curo. BY AE_ oate J2-2i=%2 | SHELL THICKNESS REQUIREMENTS PROU. NO.___ 24 26
CALCULATION PACKAGE 7426-1 ‘

. , LOCAL SHELL REGIONS
VENT PIPE/SRV LINES (A THRU D) LOWER SUPPORT ATTACH'T
VERMONT YANKEE NUCLEAR STATION

==

pme ¥ o | s omand

|
y
|

: VENT PIPE SHELL
" ‘ 1, 13.19"
— . (‘) .
|| .

SRY_LINE LOWER SUPPOQORT

—

l
|
|

5 .

F— e ——— —
)
P |
I -]
il 1 |
| ] |
l . I _ VENT PIPE SHELL
b o g
PLAN VIEW

SECTION A-—-A

NOTE:
1. (*) LOCAL REGION (1.0~/RT = 3.19")

FIGURE 24



. VYC-1032 ATTACHMENT 3
“TELEDYNE ENGINEERING SERVICES

BYMDATEWf VERMONT YANKEE SHEET NO. 5/@ OF ‘r/ 6

CHKD. avﬁz_okrs .21-9¢| SHELL THICKNESS REQUIREMENTS - | prosno._ 2726
CALCULATION PACKAGE 7426-1

| 'PERMISSIBLE SIZE RANGE FOR INDICATION
VENT PIPE/SRV (A THRU D) LOWER SUPPORT ATTACH'T
VERMONT YANKEE NUCLEAR STATION

T'COI'

}Treq .

Teor = 0.009"

6.0 —f e

5.0

4.0

D’ (in)

3.0

2.0

T

1.0

0.0 lIlL!illlIillll‘:llllilLl_L;llllli_ll_llilll[Ll;ll_LlLI_l_!
0.050 0.100 0150 0.200  0.250

d" (in}

FIGURE 25
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VYC-1032 ATTACHMENT B
ERVICES

oL AL onelP/2-90

VERMONT YANKEE

sweerno. A~ or /7

ono. BY 4T oave/L-/9-3a| - SHELL THICKNESS REQUIREMENTS | PRos.No. Z¥ 2

CALCULATION PACKAGE 7426-1

APPENDIX A

TORUS AND VENT SYSTEM REQUIRED SHELL THICKNESS CALCULATIONS

The calculations herein were performed using the Mark I Analysis of

" Record for Vermont Yankee.

The minimum thickness requirements are based on

the analyzed state of stress for the postulated Mark I event combinatiens.



" 4™TELEDYNE ENGINEERING SERVICES

ovELLE_owre /L2 VERWONT VANKEE SHEET WO, 'f}):z oF—/ 4

CHKD. Bvlgaf_nme,/l_"&?_‘.’. " SHELL THICKNESS REQUIREMENTS | PROJ. NO
o - CALCULATION PACKAGE 7426-1 :

VYC-1032 ATTACHMENT B

APPENDIX A.1

TORUS SHELL THICKNESS CALCULATIONS



" 4TELEDYNE ENGINEERING SERVICES

14'3 /9
N SHEET NO. F
gy MEYX . paref2-4-90 VERMONT YANKEE 5T No °

CHKD. mr?-zfﬁ_nue_/ﬂ:ia SHELL THICKNESS REQUIREMENTS| PROL NO._ 1H2(
: CALCULATION PACKAGE 7426 - 1 ‘

TORUS FREE SHELL REGION, PRIMARY MEMBRANE STRESS INTENSITIES AND RESULTANT
THICKNESS REQUIREMENTS (FILE NAME: VYMB.MCD) PAGE 1

The event combinations considered with respect to the Torus Shell
thickness requirements ara:

* 14 & 15 The two bounding SBA/IBA cases which are Level B and C
respectively. .

* 16 The 08P Pool Swell Case which is Level D.

* 18 & 25 The two bounding DBA &P Pool Swell Cases which are Level
B and ¢ respectively.

* 20 & 21 The t&c bounding DBA CO Cases which are LevellB and ¢
. respectively. : LT

List primary membrane stress intenslties (PM) for midbay elemeﬁts
E =0 ..8

"Element := PM14 := PM15 := PM16 := PM18 := PM20 := PM21 := PM2§5 :=

E E = E B B ] . E . B

11 8111 8184 3035 ngSZ 8550 8626 | 2541
13 8908 9012 5314 2917 10628 10733 3625
15 9977 10058 7815 4558 1 11883 11966 55885
17 | 10628 10691 ] 19261 4785 12957 13021 6054
19 10583 10635 4329 5296 11870 11923 6711
21 10568 10638 5708 4803 11639 11709 6169
23 89321 9421 6378 3764 10094 101958 4804
_ 295 8409 ' 8568 5800 2787 8886 9048 3390
27 7647 1798 4086 | 1753 1796 7947 2434

Minimum Torus Shell Thicknesgs (T,in}: T t= .584

Event Combination PM Allowable Stress (S,bai):v
. : . Allowable Level

514 := 19300 Smc B
S15 := 38000 Sy c
816 := 39372 sf D
518 := 19300 Smc B
8§20 := 19300 Sme B
8§21 = 38000 - 8y C
§25 := 38000 sy c



YYC-1032 ATTACHMENT 8
" 4 ™TELEDYNE ENGINEERING SERVICES

‘ - . erno. A-4 or /S
ey MEK __ pare/3-4-9» VERMONT YANKEE SHEET NO OF.

CHXD. ngif_omajg-__/e_:ie 'SHELL THICKNESS REQUIREMENTS| PROJ NO._T1d20
: CALCULATION PACKAGE 7426 — 1} -~

TORUS FREE SHELL REGION, PRIMARY MEMBRANE STRESS INTENSITIES AND RESULTANT
THICKNESS REQUIREMENTS (FILE NAME: VYME.MCD) PAGE 2

Determine the minimum thickness (Tmin,in) for each primary membrane stress
- intensity (PM) at each element:

PM15 T
PMl14 -T E PMlé T
E Tminls 3= ————e— . B
Tminl4 ;= ———— B 818 Tainlé :=
B s14 E 816
PM20 T
PM18 T B PM21 T
E Tmin20 = _ E
© Tminl8 := . B 5§20 Tmin21 :=
’ E sis ) E s21
’ PM25 -T
E
Tmin25 =
‘B 525

Element Tminléd Tminl$§ Tminlé Tminl8 Tmin2Q Tmin21 Tmin2$5

B E E E B E E E

| 0.245 0.126 0,045 0.062] [0.259 0.133] [0.039
13 0.27 0.139 0.079 0.0838 0.322 0.165 0.056

15 0.302] [0.155 0.116 0.138 0.36 0.184 0,086

17 0.322 0.164 0.137 0.145 0.392 | 0.2 0.093

19 0.32 | [o0.163 0.064 0.16 0.35% 0.183 0.103

21 0.32 0.163 0.085 0.145 0.352 | [0.18 0.095

23 [o.282 0.145 0.095 0.114 0.305 0.157 0.074

25 0.254 0.132 0.086 0.084 0.269 0.139 0.052

27 0.231) [o0.22 0.061 0.053| [o0.236 0.122 0.037

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

Treq t= if|Tminld4 > Trinlb5 ,Tminl4 ,Tminls
E E B, E E
Treq := if[Treq > Tminl6é ,Treq ,Tminlé |
E . e E E o E
Treq := if[Treq > Tminl8 ,Treq ,Tminl8 |
E - E E E B
Treq := if{Treq > Tmin20 ,Treq ,Tmin20 ]
E N E B . B
Treq := if[Treq > Tmin21 ,Treq ,Tmin21 |
E B E E E

e o -

Traq := if[Treq > Tmin25 ,Treq ,Tmin2§ | Tcor 3= T - Traq
E - E E E E :
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Determine the maximum stress per Element (Puﬁax,psi)x

PMmax 3= if[rreq

E E

PMmax := if[Treq =

E

PMmax := if[rreq =

E

‘PMmax := if|[Treq =

E ) E

E

PMmax = if[Treq =

PMnax = if|iTreq =

Tminih
Tminlé
Tminl8 ,PM18 ,pg;smax T
Tmin20 ,PM20 ,PMmax ]

Tmin21 ,PM21 ,PMmax |

E E
PMmax = if Treq =
B E
Element Treq
E - E
11 0.259
13 0.322°
15 0.36
‘ 17 0.392
19 0.359
21 0.352
23 0.30§ﬁ
25 0.269
27 . 10,236

= Tminl4 ,PM14 ,0

7]

+PK15 ,PMmax ]
E E E]
,P¥16 ,PMmax |
E E B

E E E

E- E E

E E E]
Tmin25 ,PM25 ,PMmax
E E B{
E
Tcor PMmax
B E
0.325 8550
0.262 10628
0.224 11883
10,192 | 12957 {
0,225 11870
|10.232 11639
0.279 10094
0.315 8886
0.348 7796
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Maximum and Minimum Values of Tcor:
MinTcoxr 3= min(Tcor) MinTcor = 0.192

MaxTcor := max({Tcor) MaxTcor = 0,348

Corrosion thickneas (Tcor,in) VS Element

0.4
rod
4//
013 \ /
~
Tcor o (,//r
E L7
0. 2 \\\\\‘\r’
0.1 o
0 I 2 3 E -5 b 7 8
References:

Cl)l. ~TES Calc. Pkg. ID 5319-20, Rev. 1, "Vermont Yankee Torus .
Shell Analyeis' & DISTRES cOmputet Output, Seqg. No. A30TBRQ.

(é)z. Mark I Containment Program, Structural Acceptanca Criteria,
.. Plant Unique Analysais Application Guide, Document No.
NEDO-24583-1, October 1979.

(V)B. Asué Boiler and Pressure Vessel Code, Section III, Division
1, Subsection NE, Class MC Vessels, 1974 Edition Through
Summer 1977 Addenda. .

(39 4. TES Technical Réport TR-5319;1, Rev. 2, ¥ark I Plant Unique
Analysis for Vermont Yankee, Nov. 30, 1983.

..
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The event combinations considered with respect to the Torus Shell
thickness requirements are:

* 14 & 15 The two bounding SBA/IBA cases which are Level B and C
respectively.

* 16 The 0SP Pool Swell Case which is Level D.

* 18 & 25 The two bounding DBA &P Pool Swell Cases which are Level
T B and C respectively.

* 20 & 21 The two bounding DBA co Casea which are Level 8 and ¢
respectively.

List primary ‘local membrane atresé intensities (PL) for ring girder element

E 3= 0 ..7

"Element := PL14 := PL15 := PL16 := PL18 := PL20 := PL21 := PL25 :=

. E E E B E E E - E

114 6138 6340 11758 5541 8952 9231 6668

~120 4757 4969 8912 | | 47558 7314 7514 | | 6262

126 5543 5584 9238 4687 7488 7557 5093

: 132 4212 4296 3965 1960 6656 6831 | 2731

141 5162 | ]5241 5073 2814 5609 57685 3836

147 5124 5237 6580 3516 7430 7614 4798

153 5146 5285 7790 3851 6162 || 6305 §014

159 | L6570 - 6755 12583 | | 6208 7458 . 7672 7452

Minimum Torus Shell Thickness (T,in): T := .584 B

Event Combination PL Allowable Stress (S,psi): .
: Allowable Level

S14 := 19300 Sme B
§15 := 38000 - 8Y c
816 := 39372 St D
§18 := 19300 Sme B
S20 := 19300 Smc¢ B
§21 := 38000 - 8y Lo
§25 := 38000 . sy C
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Determine the minimum thickness (Tmin,in) for each primary local membrane
stress intensity (PL) at each element:

PL15 T
PL14 T B PL16 -T
B Tminls := E
Tminl4d := E 1.5-815 Tminlé 3=
E 1.5-814 , B 1.5-816
PL20 -T . .
PL18 T B PL21 -7T
E Tmin20 = ————m : E
© Tminl8 := . E 1.5-820 Tmin2l :=
E" 1.5-818 ' B 1.5-821
PL25 T
E
Tmin25 =
E 1.5-825
Element Tminl4 Tminl$ Tainlé Tminl8 Tmin20 Tmin2l Tmin25
: E E E’ E - E E E
114 0.124] 0.065 0.116 0,112 0.181 0.095 0.068
120 0.096 0.051 0.088 0.096 0.148 | 0.077 Q0.064
126 0.112 0.057 0.091 0.098S 0.151 0.077 0.062
132 0.085 0.044 0.039 0.04 0.134 0.07 0.028
L_£41 0.104 0.054 0.05 0.057 0.113 0.059 0.04
147 0.103 0.054 0.065 0.071 1 0.15 0.078 0,049
153 0.104 0.054 0.077 0.078 0.124 0.065 0.051
159 0.133 0.069 0.3124 0.125 LO0.215 0.079 0.076

Determine the maximum required thickness (Tregq,in) and the remaining
for corrxosion (Tcor,in), for each element:

thickness available

Treq
E

1= 1f{Tminlé
E
.Treq' 1=

if.rreq >
E .

E
Cim

Treg if[rreq

Treq := if[Treq >

E -
if[rreq >
E B

be

Treq

Treq := if[Treq >
E E

>

> TminlS ,Tminid
' " E 2 g

Tminlé ,Treq ,Tminl§ ]
E E . E]
Tminl8 ,Tregq ,Tminld ]|
B E E

-

Tmin20 ,Treq ,Tmin20

B E E

Tmin2l ,Treq ,Tmin21 ]
E E E

Tmin25 ,Treq ,Tmin2$
E E E

,Tminls
E

Tcor := T - Treq

B E
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.pDetermine the maximum stress per Element {(PLmax,psi):

PLmax 3= if[Treq = Tminl4 ,PL14 ,0]

E B

PLmax := if[Treq
E

PLmax 3= if[Treq
B

" pLmax := if[Treq =

E E

pPLmax := if[Treq =

E E

 PLmax 1= if[Treq =

E E

Tminl5 ,PL1S ,PLmax |
E E E]
Tminlé ,PL16 ,PLmax |
‘B E E]
Tminl8 ,PLiB ; PLmax A
E E E]
Tmin20 ,PL20 ,PLmax |
E E E

Tmin2l ,PL21 ,PLmax |

E | E E E E]
PLmax := if{Treq = Tmin25 ,PL25 ,PLmax
E . E B E E
e E ]
Element Treq Tcor PLmax
B BE E E
114 0.181 0.403 8952
120 0.148 0.436 7314 |
126 0.151 0.433 7488
132 0.134 0.45 6656
141 0.113 0.471 | 5609
- 147 0.15 0.434 7430
153 0.124 0.46 6162
159 0.15 0.434 | . 7458

VYC-1032 ATTACHMENT B
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Maximum and Kinimum Values of Tcor:s

MinTcor := min{Tcor) MinTcor = 0,403

MaxTcor := max(Tcor)’ MaxTcor = 0.471

Corrosion thickness (Tcor,in) VS Elemant

.47 . . ' /
o | Z AN N
| % I BN A BN

.43
o4qz | //

.41

0.4
o ! 2 "3 B 4 S 7 7

References: . . ’
(2) 1. TES Cale. Pkg. ID 5319-20, Rev. 1, "Vermont Yankee Torus
Shell Analysig" & DISTRES Computer Output, Seq. No. A307TBRQ.

(6) 2. HMark I Containment Program, Structural Acceptance Criteria,
. - Plant Unique Analysis Application Guide, Document No.

NEDO-24583~1, October 1979,

(gD 3. ASME Boiler and Pressure Veasel Code, Section XIXI, Division
) 1, Subsection NE, Class MC Vessels, 1974 Edition Through
Summer 1977 Addenda.

(3)4. TES Technical Report TR-5319—1, Rev. 2, Mark I Plant Unique
Analysis for Vermont Yankee, Nov. 3o, 1983.'
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M Bay Coegosion) TricnESS

fsacrng Frempar? | Aec Lemerug
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- limsioe)

as s2= 231.7%"

23 $3=173.94"

ay . S us®
G ss- 51.958"

) T s6= 2897
7 - s1eseaet

IS5 9= 1448

i3 59+« 202.91"

J! - 510=26075"
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linsioe) . : 7 Aec LeaTH _ . R (OUTSI.DES
' st S17. 260757
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PPENDI 2

VENT SYSTEM THICKNESS CALCULATIONS

The vent System thickness calculations were performed using a similar
‘methodology to that of the torus shell in A.l.
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APPENDIX B
PERMISSIBLE INDICATION SIZE CALCULATIONS

The general calculations contained in this appendix consider the dis-

continuity effects resulting from a localized indication to determine the

" range of permissible indication sizes in the presence of 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 of permissible indication sizes.
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APPENDIX 8.1
TORUS SHELL RANGE OF INDICATION SIZES

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

The results are based on the primary membrane stress intensities of
A.1 and the general calculations for Class MC vessels provided in this
. appendix. '
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TORUS FREE SHELL REGION,_RANGE OF INDiCATION SIZES
(FILE NAME: RedVYMB.MCD) ~ PAGE 1
Permissible Local Reduction in Thickness:

E =0 ..8
" Element := PMmax := Primary Membrane Stress {PMmax,psi)
B E
11 8550 Minimum Torue Shell Thickness (T,in):
13 10628 T t= 0,584
15 " -111883 Shell Mean Radius (R,in):
17 12957 R := 166.292
19 111870 Allowable Stress (S,psi):
21 ) 11639 . ’ 8§ 3= 19300
23 10094 ’ ' T
25 8886 Equivalent Pressure: PO := PMmax -
27 7796 - E E R
Element PO
E E
11 30.027 Indication Diameter Factor (X):
13 37.324
15 41.732
_ 17 45,504 PO
19 41.686 1 E
21 40,875 X = o |—
23 35.449 E T S
25 31.207 |
27 27.379 |
Element X
E ‘ E Maximum and Minimum Values of X:
il 0.0675
13 0.0753 Xmax := max(X)  Xmax = 0.0831
15 0.0796 :
17 0.0831 Xmin := min(X) Xmin = 0.0645
19 0.0796
21 0.0788
23 0.0734
25 0.0689
27 0.0645
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TORUS FREE SHELL REGION, RANGE OF INDICATION SIZES
(FILE- NAME: RedVYMB.MCD) ' PAGE 2

Normal;zation of Thickness Reduc;ion Ccurve For Torus Shell:
L 3= 0 ,.11

Kl := K2 :=

L L
0.0 1.2731 K1 = 4/T
0.1 1.072
0.2 0.859 K2 = (D/T)*((PO/S)**1/2)
0.3 0.75%
0.4 0.643 ) ]
0.5 0.538 Depth of Indication (d,in): d := K1 T
0.6 0.419 . L L
0.7 0.284
0.8 0.126 |
0.844 0.0 K2
0.9 0.0 . ) L
1.0 0.0 Diameter of Indication DxFmax :=
per Fmaxs L Xmax
K2
: L
‘piameter of Indication DxFmin 3=
per Fmin: L Xmin
X
. .
Normalized Values of X: F :=
E Xmax
d DxFmax DxFmin Element F
L L L B OB
0 15.287 19.707 ‘ 11 0.812
0.058 12.893 16.622 | 13 0.906 :
0.117 10.813 13.9394 15 0.958
0,175 | 9.129 11.769 | 17 1
0.234 7.734 9.97 19 0.957
0.292 6.438 8.295 21 0.948
0.35 5.039 6.497 23 0.883
Q.409 3.416 ’ 4.404 25 0.828
0.467 1.518 1.954 27 0.776
0.493 0 0
0.526 0 0
0.584 0 0
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TORUS FREE SHELL REGION, RANGE OF INDICATION SIZES
(FILE NAME:RedVYMB.MCD) PAGE 3
GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in)

Minimum & maximum thickness available for corrosion (MinTcor,MaxTcor,in):

MinTcor 3= 0.192 MaxTcor := 0.348
d1 = if[d < MinTcor,MinTcor,d d2 := iff@ < MaxTcor,MaxTcor,d
L L L L L L
" For Maximum Stressed Shell Element (F = 1.0)
16
14
/2
/o J\
DxFmax
L b O
(2] \
‘f \
2
0 ‘\\
0.0 o 0.2 d1 a8 QL 0.7
L
For Minimum Stressed Shell Element {(F = 0.776)
20
8
o
14
’ /2
DxFmin
L
] ~
0 AN
0.0 o.l 0.2 d2 0.5 &t 0.7
_— :

References:
’ (2) 1. TES Calec. Pkg. ID 5319~20, Rev. 1, "Vermont Yankee Torus
Shell Analysis® & DISTRES Computer Output, Seg. No. A30TBRQ.

(é& 2. Xark I Containment Program, Structural Acceptance Criteria,
Plant Unigue Analysis Application Guide, Document No.
NEDO-24583-1, October 1979.

(4) 3. ASME Boller and Pressure Vessel Code, Section III, Divisicn
1, Subsection NE, Class MC Vesgsels, 1974 Edition Through
Summer 1977 Addenda. .

(3) 4. TES Technical Report TR-5319-1, Rev. 2, Mark I Plant Unique
Analysis for Vermont Yankee, Nov. 30, 1983.
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TORUS RING GIRDER REGION{BOTTOM OF SHELL), RANGE OF INDICATION SIZES
(FILE NAME: ReAVYRG1.MCD) PAGE 1
Permissible Local Reduction in Thickness:

E =0 ,.7
Element = PLmax t= Primary Local Membrane Stress (PLmax,psi)
E . E
114 8952 Minimum Torus Shell Thickness (T,in):
120 7314 T 3= 0.584
126 Co 7488 Shell Mean Radius (R,in):
132 6656 R := 166.292
141 - 5609 Allowable Stress (S,psi):
147 7430 _ S := 19300
153 | 6162 K o : T
159 7458 Equivalent Pressure: PO = PLmax =
B B R
Element PO
E E
114 31.438 Indication Diameter Factor (X):
120 25.686 ’
126 [ 26.297
132 23.3175 PO
141 19.698 1 B
147 ‘ 26.093 . X = = |—
153 21,64 E T s
159 26.192
Element X
B B Maximum and Minimum Values of X:
114 0.0691
120 0.0625 Xmax := max(X) © Xmax = 0.0691
126 | 0.0632 - .
132 0.0596 Xain := min(X) Xmin = 0.,0547
141 0.0547
147 0.063
153 0.0573
159 . 00,0631
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TORUS RING GIRDER REGION(BOTTOM OF SHELL)}, RANGE OF INDICATION SIZES
(FILE NAME: RedVYRG1.MCD) PAGE 2
Normalization of Thickness Reduction Curve For Torus Shell:

L s= 0 ..11

Kl := K2 := .
L L .
0.0 1.271] Kl = 4/7
0.1 1.072
0.2 0.899 K2 = (D/T)*[{PO/S)**1/2]
0.3 0.75¢9
0.4 0,643 )
0.5 0.535 Depth of Indication (d,in): 4 := K1 T
0.6 0.419 L L
0.7 0.284 :
0.8 0.126
0,844 0.0 X2
0.9 0.0 ' . L
1.0 0.0 Diameter of Indication DxFmax ==
per Pmax: L Xmax
K2
L
Diamater of Indication DxFmin :=
per Fmin: L Xmin
X
B
Normalized Values of X: Fos=
: E Xmax
a DxFmax DxFmin Element F
L L L E E
0 18.391 23.234) 114 1
0.058 15.512 | 19.596 . 120 0.904
0.117 13.008 16.434 . 126 0.915
0.175 10.983 [ 13.875 132 0.862
0.234 9.304 11.754) 141 0.792
0.292 7.741 9.78 147 0.911
0.35 8.063 7.659 153 0.83
0.409 4,109 5.192 159 0.913
0.467 1.823 2,303
0.493 0 0
0.526 0 0
0.584 0 0
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TORUS RING GIRDER REGION(BOTTOM OF SHELL), RANGE OF INDICATION SIZES

{(FILE NAME: RedVYRGl.MCD}

PAGE 3
GRAPH ~ DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in) !

Minimum & maximum thickness available far corrosion {(¥inTcor,MaxTcor,in):

MinTcor := (.403 MaxTcor = 0.471
dl :1= 1f{d < MinTecor,MinTcor,d d2 := '3if}d < MaxTcor,MaxTcor,d
‘L L L L L L
" For Maximum Stregssed Shell Element (P = 1.0}
20
/¥
1o
M
'
Dmeax2
L
&
q \
2
o N
0.0 o .2 d1 o5 0L .7
L
For Minimum Stresased Shell Element (F = 0.792)
30
]
zd
21
%
DxFmin
L
o
b
3
P N
0.0 o0i oz 42 05 Ot .1
2
Refarences:

-(Z) i. TES Calc. Pkg. ID 5319-20, Rev. 1, *"Vermont Yankee Torus
Shell Analysis” & DISTRES Computer Output, Seg. No. A30TBRQ.

(6) 2, Mark I Containment Program, Structural Acceptance Criteria,
' Plant Unique Analysis Application Guide, Document No.
NEDO-~24583-1, October 1979.

(Q) 3. ASME Boiler and Pressure Vesael Code, Section XIIX, Division
1, Subsection NE, Class MC Vessels, 1974 Edition Through

Summer 1977 Addenda. .

C3) 4. TES Technical Report TR-5319-1, Rev. 2, Mark I Plant Unique
Analysis for Vermont Yankee, Nov. 30, 1983.
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5 2
owre £2/2-20 VERNONT YANKEE e wo. B-22 or_¢/

CHD. sv,ézé_om/a'-/? -72|  SHELL THICKNESS REQUIREMENTS | proswo._ Z¥ 2
CALCULATION PACKAGE 7426-1 -

APPENDIX B.2

VENT SYSTEM RANGE OF INDICATION SIZE

The raﬁge_ of indication sizes for the vent system components - the
" 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 specific

. dimensions by the same procedures utilized for the torus shell (B.1}.



| VYC-1032 ATTACHMENT B
~™TELEDYNE ENGINEERING SERVICES

BY Meg ___oatelz=i1-0 : sHEET NO._3-21 OF A=
VERMONT YANKEE PAOJ. NO. 24 Z(

cHkD, BYL4E OATE[2:)7=92  SHELL THICKNESS REQUIREMENTS
CALCUt AT\'ON PACKAG.E_JAZ&‘—]—-—-— e

VE.!\JT HEADF_K Freg SHELL Aup Locac SHELL QEGIOMS

" Vepmont Yankee  Venw S\‘:smm

J:fék'o’;a

)
T wl

& . : TYPLAL DowNeomeR.

%* LocaL Reguons (1.0 JEE) = 2.68 ">
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22 g S2
sy MEK DATE /Q-1-Ge VERMONT YANKEE SHEET NO. OF

CHKD. BYM_DATEM SHELL THICKNESS REQUIREMENTS PROJ No._ TH2G
. : CALCULATION PACKAGE 7426~-1 :

VENT PIPE GENERAL AND LOCAL,.RANGE OF INDICATION SIZES

(FILE NAME:VENTVY,MCD) PAGE 1

PERMISSIBELE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi): . Pmax t= 12203
Minimum Shell Thicknesa (T,in}): . T 2= 0.25
.Shell Mean Radius (R,in}: ’ R := 40.625
Allowable Stress (S,psi): s t= 19300
» ‘o T ’ .
Equivalent Pressure: PO := Pmax-— - PO = 75.095
: R

1 }ipoO :
Indication Diameter Factor (X): X 1= = |— X = 0.25

T ¢S

NORMILIZATION OF TﬂICKNESS REDUCTION CURVE:
L := 0 ..11

Kl := K2 =

re
[

1.271 K1 = 4/7T
1.072
0.899 K2 = (D/T)*[(PO/S)**1/2]
0.759 '
0.643
0.535) Depth of Indication (d,in): - d = K1 °T
0.419 T L L
0.284
0.126 :

0.0 K2
0.0 L
0.0 Diameter of Indication DxF 3= -—
per F: L X

oo
Lk =]

)

* ]

+

[=][=][e}{e] (=] (o] (o}

o
m]s
olwlsjo|a|njunisiin

slole
.
o




' VYC-1032 ATTACHMENT 8
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-1y- -23 2
By MEK paTE2-14-30 P————— SHEET NO. or__ 77

chip. BYL4S pATENZ-/E 90 | SHELL THICKNESS REQUIREMENTS | PROJLNO. d2L
: ' CALCULATION .PACKAGE 7426-1 '

VENT PIPE GENERAL AND LOCAL, RANGE OF INDICATION SIZES

{(FILE NAME:VENTVY.MCD) : PAGE 2
Depth and Diameter of Indication: -d DxF
L L

0 5.094

0.025 4,296

0.08 3.603

0.075 3.042

0.1 2.517

0.125 2.144

0.15 1.679

0.175 1.138

0.2 0.508
0.211 [+]
[0.225 0
0.258 0

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

Minimum Thickness available for corrosion (Tcor,in): Tcor := 0.092

d := {£f]d <« Tcoi,Tcor,d
L L L

For Maximum Stressed Shell Element {(F =2 1.0)

10

q

?

7

b

DxF

L

3

y e

0 —h

0 Ol d '0.2 003

L >

ReferencesséJI. TES Calculation Package ID 2252-5, Rev. 1, "Vent Eeader
and Intersaection With Main Vent, Combined Loads,

Vermont Yankee," Jan. 17, 1983.

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

(Q)3. ASME Boliler And Pressure Vessel Code, Section III,
Diviaion 1, Subsection NE, Class MC Vessels, 1974
Edition through Summer 1977 Addanda.

(3)4. TES Technical Report TR~5319-1, Rev. 2, Mark I Plant
Unique Analysis for Vermont Yankee, November 30, 1983.
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- Y- ~ B-24_or_¥2
87_%.L__—DATE.LZ__L‘;L3_Q_ VERMONT YANKEE SHEET NO. iz
CHXD. BY.‘éff_DATE!_z:.’g_‘_?L SHELL THICKNESS REQUIREMENTY PROJ.NO. 4¢]
: ‘ CALCULATTON PACKAGE 7426-1

VENT HEADER, VENT HEADER AT MITRE JOINTS, VENT HEADER AT DOWNCOMERS,
RANGE OF INDICATION SIZES(FILE NAME:VHVY.MCD) PAGE 1

PERMISSIBLE REDUCTION IN THICKNESS:

Primary Mémbrane Stress: :
Vvent Header (Pmaxl,psi) . Pmaxl := 8568

vent Header at Mitre Joint (Pmaxz pei):s . Pmax2 1= 27137
Vent Header at Downcomer (Pmax3,psi): Pmax3 := 36719
Minimum Shell Thickness (T,in): T t= 0.25
Shell Mean Radius (R,in): - R 1= 28,625
Allowable Stress (S,psi): . o B S 1= 19300
Equivalent Pressure:
T
Vent Header: POl := Pmaxl:'— POl = 74.83
: R
T
Vent Header at Mitre Joint: PO2 := Pmax2--— PO2 = 237.004
) . R
.o T .
Vent Header at Downcomer: PO3 t= Pmax3-— PO3 = 320.69
. , L R
Indication Diameter Factor (X):
1 |po1 ,
Vent Header: ’ Xl = = = X1l = 0.249
' Ty S :
A _ 1 |ro2 )
Vent Header at Mitre Joint: X2 i= — |—— . X2 = 0.443
: ' T Ty S ) '
1 |jpro3
‘Yent Header at Downcomer: X3 1= = | — X3 = 0.516
Ty S




VYC-1032 ATTACH ME NT B
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21t~ 3-25 op_¢2
By ME pare/Z-14-"o VERMONT YANKEE SHEET NO.

CHKD. Bv*gﬁ.nma/?-/a’-“f-’ ‘SHELL THICKNESS REQUIREMENTS | PROJNO._ 142l
‘ ‘ CALCULATION PACKAGE 7426-1 )

VENT HEADER, VENT HEADER AT KITRE JOINTS, VENT HEADER AT DOWNCOMERS,
RANGE OF INDICATION SIZES(?ILE NAME : VHVY . MCD) PAGE 2

NORMILIZATION OF THICKNESS REDUCTION CURVE:

L :=0 ..11

K1l := K2 3= K1l = 4/T
L L ,
0.0 L 1.271 K2 = (D/T)*[(PO/S)**1/2]
0.1. 1.072
0.2 0.899 Depth of Indication {d,in): d := K1 T
0.3 .759 A L
0.4 0.643
0.5 0.538
0.6 0.419
0.7 0.284
0.8 0.126
0.844 0.0
0.9 0.0
1,0 0.0
Dlameter of Indication per F: K2
L
vent Header: DxF1 = —
: L X1
K2
L
Vvent Header at Mitre Joint: DxF2 1= ——
’ ’ L X2
K2
/ L
vent Header at Downcomer: DxF3 = —.
L . X3
d DxF1l DxF2 DxF3
L L L L
0 5.103 2.867 2.465
0.025 4.304 2.418 2.079
0.0S 3.609 2.028 1.744
0.078 3.047 1.712 1.472
0.1 2.582 ' 1.451 1.247
0.125 2.148 1.207 1.038
0.18 1.682 0.945 0.813
0.175 1.14 0,641 . 0,551 |
0,2 0.506 0.284 0.244
0,211 0 o) o]
0.225 4] 0 0
0.25 o] o] , 0




BY }4¢<_

DATE /2~ i4-90

CHKD. BY

VYC-1032 ATTACHMENT 8B
»TELEDYNE ENG!NEER!NG SERVICES

VERMONT YANKEE

SHELL THICKNESS REQUIREMENTS

shEET Ko._C-26 _oF_ ¥Z

PROJ. NO.___7H2¢

DATE/Z-/8-FP
. ' CALCULATION PACKAGE 7426-1

VENT HEADER, VENT HEADER AT MITRE JOINTS, VENT HEADER AT DOWNCOMERS,

RANGE OF INDICATION SIZES(FILE NAME:VHVY.MCD) PAGE 3
GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF INPIQATION (d, in)
Thickness avallable for corrosion (Tcor,in):
G}Vent Header: Tcorl := 0.139 d1 3= if|d <« Tcorl,Tcorl,qd
L L L
Vent Header
at Mitre Joint: Tcor2 := 0.016 d2 := if|d < Tcor2,Tcor2,d
: L L L
Vvent Header
at Downcomers: Tcor3 := 0.006 d3 := if|d < Tcor3,Tcor3,d ]
’ . L L L
For Maximum Stressed Shell Element (F = 1.0)
5
4.5
4 C
%
‘3.5
DxF1 ,DxF2 ,DxF3 \—2)
L L L
2 i?\\k N
LS G@ :::t::; 4\\
I ;:::::::“'\\\\\
_ ﬂ”\“*\%
0.5 e
0
0 a.05 <4 41 ,d2 ,d43 <2 0.25 0.3
L L L
Refersnces: (]l. TES Calculation Package ID 2252~5, Rev., 1, "“"Vent Header
09) And Intersaction With Main Vent, Combined Loads,

Vermont Yankee,"* Jan. 17, 1983.
Mark I Containment Program, Structural Acceptance
Criteria, Plant Unique Analysis Application Guide,

Document Number NEDO-24583-1, October 1979.

(6) 2.

62)3. ASME Boiler And Pressure Vessel Code,
Division 1, Subsection NE, Class MC Vessels,

Edition through Summer 1977 Addenda.

Section I1I,
1974

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

(H) 5. Tes Calculation Package ID 2252-4, Rev. 1, "Combined
Loads, Vent Header-Downcomer Intersection, Vermont

Yankee,™ Jan. 17, 1983.
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py. MEX  pare!2-i7-To VERUONT YANKEE sneer No,_19727 op_ 42
oo, Y LAZ oaTE/EI7-7C | qur)) THICKNESS REQUIREMENTS | PRO%-No. ZH2&
- CALCULATION PACKAGE 7426-1

VENT HEADER

DOLNEONIUR
T:i..
8
_ 2.11
RT _ )72
; _ - ﬁ/
N / .
T~ M/7RE— L~
V—Daa//vcoma?

AnErD. |

L{4

FREE AND LOCAL SHELL REGIONS
FOR THE DOWNCOMERS

VERMONT YANKEE NUCLERR ST7TR7/O0N
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gy MEK parez-iH-9p sueer No._127C8 oF vz
VERMONT YANKEE m
CHKD. avﬁtf_mrs_ll;f_éf:_‘?_z. SHELL THICKNESS REQUIREMENTY PROJ. No. 1492C
' » CALCULATION PACKAGE 7426-1

DOWNCOKERS(B/B" THK) GENERAL AND LOCAL, RANGE OF INDICATION SIZES
{FILE NAME:VYDOWN3.MCD) . PAGE 1

PERMISSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi): Pmax := 12071
Minimum Shell Thickness (T,in): ) T := 0.375
Shell Mean Radius (R,in): R := 11.87%
Allowable Stress (S,psi): S := 19300
. : : T
Equivalent Pressure: PO := Pmax-— ' PO = 381.18%9
R
1 |PO
Indication Diameter Factor (X): X t=m = {— X = 0.375
T §S

NORMILIZATION OF THICKNESS REDUCTION CURVE:

L :=0 ..11

=
[
]
A
N
1]

K1 = 4/7T

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

e {s Jo i
[

QO 10011 O |10 b= 1 [N 1 1O,
(o]
.
F-Y
P
0

[0.643] Depth of Indication (d,in):  d :='RKl T

ojlojoeloolo]olo
*

o

ol
o
o
£l
o

e fMie

L
0.0 Diameter of Indication DXF 1= —
0.0 per F: L b S




VYC-1032 ATTACH MENT B
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. -29 o8 ¢2
By Mer DATE_J 2:itf-Gp VERMONT YANKEE seeT wo._8 429 oF
CHKD., svg,_lf DATE_[2-i8-F2_ SHELL THICKNESS REQUIREMENTS PROJ. NO._ 7420

. CALCULATION PACKAGE 7426-1 T

DOWNCOMERS (3/8" THK) GENERAL AND LOCAL, RANGE OF INDICATION SIZES o
(FILE NAMBE:VYDOWN3.MCD) PAGE 2

Depth and Diameter of Indication: d DxF
. L L
o] 3.391
0.038 2.86
0.075 2.399
0.113 2.025
.15 1.716
0.188 1.428
0.225 1.118
0.263 0.758
0.3 0.336
0.317 0
0.338 4]
0.37%5 ’ 1]

GRAPH ~ DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in)

Minimum Thickness available for corrosion (Tcor,in): Tcor := 0.140

d := if|d < Tcor,Tcor,d
L L L
For Maximum Stressed Shell Element (F = 1.0)
5
. 4.5
Yy
35
3
DxF
L
ﬂE e
0.5 ‘N\\‘\,
0 .
0.1 5.2 d 04 0.5
L

Referencesik)l. TES Calculation Package ID 2252-5, Rev. 1, "Vent Header
And Intersection With Main Vent, Combined Loads,
Vermont Yankee,™ Jan. 17, 1983.

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

({) 3. ASME Boller And Pressure Vessel Code, Section I11,
Division 1, Subsection NE, Class MC Vessels, 1974
Edition through Summer 1977 Addenda.

(3)4. TES Technical Report TR-5319-1, Rev. 2, Mark I Plant
Unique Analysis for Vermont Yankee, November 30, 1983.
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. =™TELEDYNE ENGINEERING SERVICES

: ' B-30 oF 42
sy_Me __ parel2-M-90 VERMONT TANKEE SHEET NO. -2
chxp, B/ pate)l-i¥-92| SHELL THICKNESS REQUIREMENTY PROLNO. 1426

CALCULATION PACKAGE 7426-1 |

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

PERMISSIBLE REDUCTION IN THICKNESS:

Primary Mémbrane Stress (Pmax,psl): Pmax := 12071
Minimum Shell Thickness (T,in): . T = 0.25
.Shell Mean Radius (R,in): R = 11.875
Allowable Stress (S,psi): S = 19300
, . T
Equivalent Pressure: PO := Pmax-:~ PO = 254.126
R
1 |pPO .
Indication Diameter Factor (X): X 1= = |— X = 0.459
T §Ss

NORMILIZATION OF THICKNESS REDUCTION CURVE:
L =0 ..11

Kl = K2 :=

L L K1 = &/T

1.271 ‘

1.072 K2 = (D/T)*[(PO/S)**1/2] -
0.89% .
0.759 . .
0.643 Depth of Indication (d,in): d := K1l T
0.535 L L
0.419 |
0.284
0.126 K2
4 0.0 L
0.0 Diameter of Indication DxXxF 1= —
0.0 per F: L X

[+ 103
(=2 P e B RS R[ R{RP-RINRIN]] g [=]

(=]
= O JOlolOo]o10]o0]0




VYC-1032 ATTACHMENT B
“TELEDYNE ENGINEERING SERVICES

Mo .L_L‘:[_%. B-31 77

v M DATE[Z - VERMONT YANKEE © | SWEET NO. = OF

CHKD. svﬁé_mrsi? 2t&-%2 | -SHELL THICKNESS REQUIREMENT§ PROJ. NO. H2l
CALCULATION PACKAGE 7426-1 :

DOWNCOMERS(1/4" THK) GENERAL AND LOCAL, RANGE OF INDICATION SIZES

(FILE NAME:VYDOWN25.MCD) PAGE 2
Depth and Diameter of Indication: d DxF
. L L

0 2.769

0.025 2.336

0.05 1.959

0.075 1.654

0.1 1.401 |

10.125% 1.166

]10.15 0.913

0.175 0.619

0.2 0.275
0.211 0
0.225 0
0.258 0

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

Minimum Thickness available for corrosion (Tcor,in): Tcor := 0,094

4 := if|d < Tcor,Tcor,d
L L L
For Maximum Stressed Shell Element (F = 1.0)
3
2
DxF L
L \\\‘
\ \\\\\\
0 AN
0 o4 d 0.2 0.3
L

Refetences{hal. TES Calculation Package ID 2252-5, Rev. 1, "Vent Header
And Intersection With Main Vent, Combined Loads,
Vermont Yankee,” Jan. 17, 1983,

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

(Y)3. ASME Boiler And Preasure Vessel Code, Section III,
Division 1, Subsection NE, Class MC Vessels, 1974
Edition through Summer 1977 Addenda.

G)4. TES Technical Report TR-5319~1, Rev. 2, Mark I Plant
: Unique Analysis for Vermont Yankee, November 30, 1983.



VYC-1032 ATTACHMENT 8
“/"~TELEDYNE ENGINEERING SERVICES

sy MEX DATE_[Z-16-F0 [ aneey wo, B-3C or_ 42
VERMONT YANKEE .
oo, ovAL _owre 21292 gy | THICKNESS REQUIREMENTS | PRO%No. 1Dl

Veemont Yanee - VEnr System

Venst P eE T/SR\/ Lies ARG Avo D

o L

380 :
v .
X | !
. 349
_/9 K N %

bETAu_j\ | Secrion B-2
(SRv Ling Pryzrasations ) ( SRV Lowze Suer’ozr\
* Locan Regions = Lo BT = 39"
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sy Mew  pare2-l6-% [ sweeTNo,_B-32 or_ <2

VERMONT YANKEE
7 PROLNO._ 14200
CHKD. BV%DATE’Z_’Z_B SHELL THICKNESS REQUIREMENTS - 42

Veomas farez - Vent Sygrem
Vet Pioe [ Sey LINES AR C Mo D Penz tration

Vet Piee
SneLL

>

SRV 10" PiPE Wagons WHESL
G

Verst Priee SHeLL
1%
219

¥*

WS

Section A-A . % Locac Azea - LodRT = 319"
(SRN - LINE PenzTeATion )




VYC-1032 ATTACHMENT B

7 TELEDYNE ENGINEERING SERVICES

ay_Mex DATE_/ 2~ 1% 9>

VERMONT YANKEE

seeT No,_B-34_oF_ ¥2

CHXD. EVM_DATEJE!.&& SHELL THICKNESS REQUIREMENTS | PROJ NO._ T4l

CALCULATION PACKAGE 7426~

1

VENT PIPE/SRV(A,B,C,D) AT NOZZLE INTERSECTION (ELEMENT 71),

RANGE OF INDICATION SIZES (FILE NAME:VYNOZ.MCD)
PERMISSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi):
" Minimum Shell Thiékness (T,in):

Shell Mean Radiué {R,in}):

Allowable Stress (S,psi):

4 . T
Equivalent Pressure: PO := Pmax'—
R
: 1 jpO
Indication Diameter Factor (X): X 1= = |~
T \S

NORMILIZATION OF THICKNESS REDUCTION CURVE:
L := 0 ,.11

Kl := K2 :=

1.271 K1 = 4d/7T
1.072
0.899 K2 = (D/T)*[(PO/S)**1/2]
0.759
0.643
0.535 Depth of Indication (d,in):
0.419
0.284
0.126

.0

.

(3 O

L L

oojojeoio[o|o
.

[+-X LN 3
QIOlH iDL WIN= IO

(=}

T={ole
-
F9

Diameter of Indication
rer F:

PAGE 1
Pmax := 24302
T 2= 0,75
R := 40.875

8 = 19300

PO = 445.908

X = 0.203

d := K1 -T

DxPF

| bal
»” N
[ o



: VYC-1032 ATTACAMINT B
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py_ME  pates2-1%-T sHEET NO._ 2735 oF 92

VERMONT YANKEE

] - T
CHKD. BY//// DATE/Z-/E-52| SHELL THICRNESS REQUIREMENTS | PROL No._'13 (o
‘ ' CALCULATION PACKAGE 7426-1 :

VENT PIPE/SRV(A,B,C,D) AT NOZZILE INTERSECTION (ELEMENT 71),

RANGE OF INDICATION SIZES (FILE NAME:VYNOZ.MCD}) PAGE 2
Depth and Diameter of Indication: 4a © DxP
L L
4] 6.271
0.078 5.289
0.15 4.436
. 0.225 3.745
0.3 3.173
0.375 2.64
-0.45 2.067
0.528 1.4901
0.6 0.622 |
0.633 ’ 0
0.675 0
Q.75 0

GRAPH -~ DIAMETER OF INDICATION'(D;ln) VS DEPTH OF INDICATION (d,in)

Thickness available for corrosion (Tcor,in): Tcor 1= 0.120

d := ifld < Tcor,Tcor,d |-
L L L

For Maximum Stressed Shell Element (F = 1.0)

7
[
5 \\\
DxPF
L ‘\\
: e~
\\
1
0 N
0.1%2 o3 ajd 25 0.4 D.70.8
L

References%h)l. TES Calculation Package ID 5319~28, Rev. 0, "SRV - Vent
Pipe Penetration Stresg Evaluation ~Vermont Yankee - S/RV
Lines A to D," May 3, 1983. -

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

Q%)3. ASME Boiler And Pressure Vessel Code, Section III,
Divigion 1, Subsection NE, Class MC Vessels, 1974
Edition through Summer 1977 Addenda.

(3)4. TES Technical Report TR-5319-~1, Rev. 2, Mark I Plant
Unique Analysis for Vermont Yankee, November 30, 1983.
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- 4vTELEDYNE ENGINEERING SERVICES

- - v2
gy Mg 4 DATE/Z- 1€ S9n VERMONT YANKEE sHEET No._0-3b_oF

cHKD, BY {4E_DATE JZ4E-72 | ‘SHELL THICKNESS REQUIREMENTS | PROJ NO. 143le
: ' CALCULATION PACKAGE 7426~1 ‘

VENT PIPE/SRV(A,B,C,D) AT WAGON WHEEL (ELEMENT 35),
RANGE OF INDICATION SIZES (FILE NAME:VYWW.MCD) PAGE 1

PERMISSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi): Pmax := 21932
Minimum Shell Thickness (T,in): . T 3= 0.75
Shell Mean Radius (R,in): ’ R := 40.875
Allowable Stress (S,psi): S 1= 19300
. 4 T A
Equivalent Pressure: PO := Pmax‘'— PO = 4Q2.422
R

SO B o)
Indication Diameter Factor (X): X tm = |— X = 0,193

T §sS

NORMILIZATION OF THICKNESS REDUCTION CURVE:
L := 0 ,.11

Rl &= K2 :=

tt
o

1.271 K1 = &/7

s |e

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

0.535 Depth of Indication (d,in): d =K1 -7

.

oljolojojojolojojo
*

.10 B
O O b [ 2D [N {ba [ O = O
Q
1]

F-9
[
el
t
9

o
~lo)
*

s
(o]
L ]

(o]
ol
~

l

L
Diameter of Indication DXF = =
per F: L X



: VYC-1032 ATTACHMENT B
“y* TELEDYNE ENGINEERING SERVICES

. - -17 ¢2
sy MEK _ pare 12-18- o VERMONT YANKEE swet no._b OF

CHKD. BY £4€_DATE /Z/8-72 | - SHELL THICKNESS REQUIREMENTS | PROLNO.__ 742 (s
. ' CALCULATION PACKAGE 7426-1 ‘

VENT PIPE/SRV(A,B,C,D) AT WAGON WHEEL (ELEMENT 35),

RANGE OF INDICATION SIZES (FILE NAME:VYWW.MCD) PAGE 2
Depth and Diameter of Indication: d DxF
L L
0 6.602
0.075 5.568
0.15 4.669
0.225 3.942
0.3 3.34
0.375 2.779
0.45 2,176
0.528 1.475
0.6 0.654
0.6313 0
0.675 0
0,75 o

GRAPH - DIAMETER OF INDICATION (D,in} VS DEPTH OF INDICATION (d,4in)
Thickness available for corrosion (Tcor,in): Teor := 0.182

d := if|]d < Tcor,Tcor,d
L L . L

For Maximum Stressed Shell Element (F = 1.0)

Ny

'DXF \

[ = B VI o
A

N

0.1 82 03 d 2L ©0I0.8
L
Referencea:@;ﬁ. TES Calculation Package ID 5319-28, Rev. 0, "SRV - Vent
Pipe Penetration Stress Evaluation -Vermont Yankee - S/RV
Lines A to D," May 3, 1983.

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

{(4)3. AsSME Boiler And Pressure Vessel Code, Section III,
Division 1, Subsection NE, Class MC Vessels, 1974
Edition through Summer 1977 Addenda.

(3)4. TES Technical Report TR-5319-1, Rev. 2, Mark I Plant
Unique Analysis for Vermont Yankee, November 30, 19583.



_ VYC-1032 ATTACHMENT B
“TELEDYNE ENGINEERING SERVICES

1 -8 -2 £
py M ER pate_[2-1€ o e —— suEeT NO._15-38 oF_¢ 2

4
oHKD. BY £/7” DATE/Z:/$-70| SHELL THICKNESS REQUIREMENTS | PROJ.No._ 42l
: ‘ CALCULATION PACKAGE 7426~-1 ‘

VENT PIPE/SRV(A,B,C,D) AT EDGE OF 3/4" THK PAD (ELEMENT 7),
RANGE OF INDICATION SIZES (FILE NAME:VYPAD.MCD) PAGE 1

PERMISSIBLE REDUCTION IN THICRNESS:

Primary Membrane Stress (Pmax,psi): Pmax := 27922
" Minimum Shell Thickness (T,in): ) T := 0.25
Shell Mean Radius (R,in): R := 40.625
Allowable Stress (S,psi): 8 := 19300
. T
Equivalent Pressure: PO := Pmax--— PO = 171.828
R
1 |pO
Indication Diameter Factor (X): X 1= = j— X = 0.377
T S

NORMILIZATION OF THICKNESS REDUCTICON CURVE:

L 1= 0 ..11

=

[
o)

i

w

(X
b

L}

1.271 K1 = d/7T
1,072
0.899 K2 = (D/T)*{(PO/S)**1/2]
0.759
0.643
0.535 Depth of Indication (4,4in): d := K1 7T
0.419 L L

0.284
0.126

0 K2

.

olojojcjo|ojojeio
L]

QOfe |
Clu|sjeivN[h|jnidiwin =IO

o
~lol
{ ]

£

o|oio
o o Ju
ojo
-t

Diameter of Indication DxF 1= —
per F: B A X




: VYC-1032 ATTACHMENT B
“P"TELEDYNE ENGINEERING SERVICES

18- 3-39 %4
By_MEX DATE_/ 2-18- 20 VERMONT YANKEE SHEET NO. OF

CHKD. av,i"/'//( DATE/Z-2&-72 | "SHELL THICRNESS REQUIREMENTS | PROJ. NO. 1430
4 : ' CALCULATION PACKAGE 7426-1 :

VENT PIPE/SRV(A,B,C,D) AT EDGE OF 3/4" THK PAD (ELEMENT 7},

RANGE OF INDICATION SIZES (FILE NAME:VYPAD.MCD) PAGE 2
Depth and Diameter of Indication: d DxF
L L
¢) 3.368
0.025 2.84
0.05 2,382
0.075 2,011
0.1 1.704
0.125 1.418
0.15 1,11
0,175 0.752
0.2 0.334
0.211 0
0.225 0
0.25 ’ 0

GRAPH ~ DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in}

Thickness available for corrosion (Téor,in): Tcor = 0.009
d = if[d < Tecor,Tcor,d ]
L L L
For4uaximum Stressed Shell Element (F = 1.0)
2 [N\
\
DXF N

L ‘\~k\\\\k
1 \\\\
0 AN
0 o) 4 0.3 0.3
L
Referencea:@dl. TES Calculation Package ID 5319-28, Rev. 0, "SRV - Vent

Pipe Penetration Stress Evaluation -Vermont Yankee - S/RV
Lines A to D," May 3, 1983.

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

(q)3. ASME Boiler And Pressure Vessel Code, Section III,
Division 1, Subsection NE, Clasa MC Vessels, 1974
Edition through Summer 1977 aAddenda.

63)4. TES Technical Report TR-5319-1, Rev. 2, Mark I Plant
Unique Analysis for Vermont Yankee, November 30, 1983.
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py Mer  oare!2-17-30 sHEET No._2-4O_oF_&2
CHKD. BY DATES -9 {1 VERMONT YANKEE pROJ. NO,_ 14D 6
g S SHELL THICKNESS REQUIREMENTS

VeemonT YAnkes - Vet Pee [Sev Lives AR C AwnD

=

lowser. Suefont Artacrmed T

L2

N

%:_—:é

\
NENT PIPE SHeu,

24"
PN

' %
SRV Line Loger Sueasel

Ve Pite SweLL

Prav \iew
Secron  A-A

* (ocatL Recions = I.OJRT = 3.4"




, VYC-1032 ATTACHMENT B
‘?E‘TELEDYNE ENGINEERING SERVICES .

e ne weeT no, 1241 ¥z
y_MASW_ pare/2-1%-To VERMONT YANKEE SHEET NO oF

CHKD. BY/Z'% DATE/Z-(8-95 | SHELL THICKNESS REQUIREMENTS | PROJ NO..1dln
: ‘ CALCULATION PACKAGE 7426-~1 '

VENT PIPE/SRV{A,B,C,D) AT LOWER SUPPORT, RANGE OF INDICATION SIZES
(FILE NAME:VYSUP.MCD) PAGE 1

PERMISSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi): Pmax := 27886
Minimum Shell Thickness (T,in): ) T :='0.25
Shell Mean Radius (R,in): R := 40.625
Allowable Stress (S,psi): S := 19300
. T
Equivalent Pressure: PO := Pmax'— ' " PO = 171.606
' R
1l |PpO
Indication Diameter Factor (X): X s3 = |— X = 0,377
T NS

NORMILIZATION OF THICKNESS REDUCTION CURVE:

L =0 ..11

]
M
[

K2 3=

tr
t

1.271 K1 = d4/7T
1.072
0.899 K2 = (D/T)*[(PO/S)**1/2]
0.759
0.643
0.535 Depth of Indication (d4d,in): d := K1 -7T
0.419 ) L L
0.284
0.126 ]
0.0 X2
0.0 L
0.0 Diameter of Indicatxon DXF 3= ——
per F: L X

s |eo

Qojojolojololn]|O

0 e
oOlwlsloiininidiwiNi- O

o
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. VYC-1032 ATTACHMENT B
" %™TELEDYNE ENGINEERING SERVICES

sy Mex pare Z-12- Yo sueer no._G-YZ of 42
VERMONT YANKEE
CHKD, BY DATE./_Z'_’?_:?_". SHELL THICKNESS REQUIREMENTS | PROJ NO._ 14320
- ' CALCULATION PACKAGE 7426-1 '

VENT PIPE/SRV(A,B,C,D) AT LOWER SUPPORT, RANGE OF INDICATION SIZES

(FILE NAME:VYSUP.MCD) PAGE 2
Depth and Diameter of Indication: d DxF
L L
0 3.37
0.025 2.842
Q.08 2,383
0.075 2.012
0.1 1.708
0.125 1.418
Q.15 1.111
0.175 0.7853
0.2 0.334
0.211 8]
0.225 0
0.25 0

GRAPH ~ DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION {d,in)

Thickness available for corrosion (Tcor,in}): Tcor := 0,009
d = if[d < Tcor,Tcor,d ]
L L L
For Maximum Stressed Shell Element (F = 1.0)
4
TN
DxF >

L \\L\N\\‘
i \\\\
0 \
o Q] 4 Q.2 0.3
A L .
References:é@l. TES Calculation Package ID 5319-28, Rev. 0, "SRV - Vent

Pipe Penetration Stress Evaluation -Vermont Yankee - S/RV
Lines A to D,"™ May 3, 1983.

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

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

(3)a. TEs Technical Report TR-5319-1, Rev. 2, Mark I Plant
Unique Analysis for Vermont Yankee, November 30, 1983.



VYC-1032 ATTACHMENT B

" «TELEDYNE ENGINEERING SERVICES

VLA owve /02 VERWONT YANKEE sweerno._C/ or /5
CHKD. avféé_nne/i:_/iia . SHELL THICKNESS REQUIREMENTS | PRosNo._ 7% <l
: CALCULATION PACKAGE 7426-1 '

APPENDIX C

SAMPLE TORUS SHELL CALCULATIONS FOR POSTULATED INDICATIONS



VYC-1032 ATTACHMENT B

- > TELEDYNE E’\IGINEERING SERVICES

: /fZ/ paTE/Z-13-Fo
CHKD. SVMATM

/6

sweeT No.__C-Z OF
PROJ. NO.__Z¥E6

VERMONT YANKEE
SHELL THICKNESS REQUIREMENTS
CALCULATION PACKAGE 7426-1-

VERMONT YANKEE TORUS SHELL

TORUS_SHEL] INDICATION SAMPLE CALCULATION #1

¢ MIDBAY

RING GIRDER
MIDBAY ¢

MITRE

S

l=— 10.316"

#

} 16.062".

!

R=24.64"

{
l
I
|
£
|

|
N

CORRODED AREA
CLUSTER OF PITS

l
I
|
|
I
l
|

o

el

9.8550"

oo

.8550"

—"

" FREE SHELL

o

_.I_

- =

LOCAL SHELL FREE SHELL

(OUTSIDE)

)
INDICATION
LOCATION

16.062"

=71.258"
lp=87.320"

Mg
| —%

x4

[ d=0. 0325"

t=0.584"




.  VYC-1032 ATTACHMENT B
" %™TELEDYNE ENGINEERING SERVICES .

ov_ LU oate[i7 VERWONT VANKEE oweerwo C-3_or_/C

D, BYLH Boate/22/-90 | SHELL THICKNESS REQUIREMENTS | PRos.No._ 242G
T CALCULATION PACKAGE 7426-1 ~

VERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #1

STEP 1 Circumscribed dijameter of indication area
D= _16.062"

STEP 2 Maximum depth of indication d = _0.0325"

STEP 3 Confirm that no additional indications are found within a 24.64"

radius. J _ confirmed.
STEP 4 If'Step 3 is vid1ated, re-circumscribe the area and re-determine
"Dn 3nd ndn : : :
STEP 5 Determine arc region(s) from appropriate Figure 6 or 7.-

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

Ly = _71.258"  Lies in Arc Region S_4_
Lp = _87.320"  lies in Arc Region S_4_

Permissible Corroded Thickness, teop = __0.232"

4
_4  Permissible Corroded Thickness, teop = __0.232"

S

S

STEP 6 Check if measured indication depth is less than the permissible
corroded thickness (tcoy).

Permissible Corroded Thickness = tegp = _0.2327
Indication Depth = d = __0.0325"

_0 . d < teop, then indication is acceptable, stop, skip
remaining steps.

» d > teor, then continue.

———



VYC-1032 ATTACHMENT B
“sCTELEDYNE ENGINEERING SERVICES

ov_ AL _owre/Lf%a " VERMONT YANKEE sueerno_C-7_or /0
cnko. sY 2 Bome/22/-90 | -SHELL THICKNESS REQUIREMENTS | PRow.No. 2¥Z6
: CALCULATION PACKAGE 7426-1 '

VERMONT YANKEE_TORUS SHELL
JORUS SHELL INDICATION SAMPLE CALCULATION #1

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

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

S___, Factor "F" =
S__, Factor "F" =

Largest multiplier factor "F" =

STEP 8 Determine equivalent diameter ({D’) which circumscribes the
indications.
D =DxF
D' = - X =

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 = __0.584"
Measured Wall Thickness, t =

Adjusted d' = d’ - (Tg - t) =
Indication Depth, d =

, d < Adjusted d’, Indication is Acceptable.
, d > Adjusted d’, Weld Repair Required.



_ VYC-1032 ATTACHMENT B
- “™TELEDYNE ENGINEERING SERVICES

/6

BY A’/’L‘/ DATE/Z-/“—?# "VERMONT YANKEE SHEET NO. C-5 OF

CHKD. avgzzﬁmezaeﬁa SHELL THICKNESS REQUIREMENTS | PRosno._ 742G
CALCULATION PACKAGE 7426-1 |

VERMONT YANKEE TORUS SHELL
ORUS SHELL INDICATION SAMPLE CALCULATION #2

' | . MITRE RING "GIRDER
¢ MIDBAY . / MIDBAY

LINEAR
INDICATION

4.285"

=24.64"

|

!

!

I

|

|

|

|

l

|

|

|

I

| .

|
. | R
\ ‘—* 9.855Q" l=— —=9.855Q" i~ J

.
L — -

FREE SHELL LOCAL SHELL FREE SHELL

a

&
INDICATION
LOCATION

TORUS D=4.285" rd=0.281"
BOTTOM [ {

(OUTSIDE)

Ly =133.122"
L, =N/A




VYC-1032 ATTACHMENT B
- ~TELEDYNE ENGINEERING SERVICES

BY lg/ff DATE/Z‘/? 99 VERMONT YANKEE SHEET NO. C-6 OF /(‘

CRKD, avfziémezaZL,_Q SHELL THICKNESS REQUIREMENTS pROJ.No._ 742G
CALCULATION PACKAGE 7426-1 -

VERMONT YANKEE TORUS SHELL
_ TORUS SHELL INDICATION SAMPLE CALCULATION #2

STEP 1 Circumscribed diameter of indication area
D=_4.285"

STEP 2 Maximum depth of indication d = _0.281"

STEP 3 Confirm that 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 rldll

STEP 5 Determine arc region(s} ffom appropriate Figure 6 or 7.

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

Lj.= _133.122" Lies in Arc Region S_3_
Lz = N/A Lies in Arc Region S___

S_3_ Permissibie Corroded Thickness, tgop = 0.279"/0.315"
S___ Permissible Corroded Thickness, tcor =

STEP 6 Check if measured indication depth .is less than the permissible
-corroded thickness (teop). :
1 : ’ (133.122"-115.89")
Interpolated tegp = .279" + (.315-.279)----ccaccenanan-- = .290"
(173.847-115,89")

Permissible Corroded Thickness = teop = __0.290"
Indication Depth = d = __0.281"

—ad ., d g teop, then indication is acceptable, stop, skip
remaining steps.

y d > teop, then continue.

ettty



VYC-1032 ATTACHMENT B
p | ‘?S‘TELEDYNE ENGINEERING SERVICES .

/ -.— - /é

CHKD. avzfﬁ.’ﬁom[&ft% SHELL THICKNESS REQUIREMENTS | Phosno._ 2426
CALCULATION PACKAGE 7426-1 )

VERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE*CALCQLATION #2

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

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

s a———

172}

factor "F" =
Factor "F" =

e $

(7]

(U ]

Largest muTtip]ier factor "F" =

STEP 8 Determine equivalent diameter (D’) which circumscribes the
indications.
D/ =DxF
D’= 4 =

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

Free Shell, Figure 8
Ltocal Shell, Figure 9

Allowable Depth d’ =

Adjust allowable depth {d’adj) to account for reduced wall
thickness measured.

Original Wall thickness, Ty = __0.584"
Measured Wall Thickness, t =

Adjusted d’ =d’ - (T - t) =
indication Depth, d =

, d < Adjusted d’, Indication is Acceptable.
» d > Adjusted d’, Weld Repair Required.



VYC-1032 ATTACHMENT B

- 4 ™TELEDYNE ENGINEERING SERVICES

Bvﬁéff DATE/L'/ﬁ"?D VERHONT YANKEE _ SHEET NO. Ct—g_.OF /6
cHKD. BYL L Loate22/-F0. |  SHELL THICKNESS REQUIREMENTS PROJ.NO.__Z2.¥ 2@
. ' CALCULATION PACKAGE 7426-1 :
VERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #3
MITRE RING GIRDER
¢ MIDBAY MIDBAY ¢
1 ]
| |
| 1 LINEAR
: : INDICATION
| | ‘ ,
1 | 5.707
- |
| .7
! 1/ \
| I |
| I\ !
| A :
I | Na
| { R=24.64"
» L —» 9.8550" tw— —={9.8550" [~
FREE SHELL LOCAL SHELL FREE SHELL
+ (OUTSIDE)
b INDICATION L4 =55.125"
LOCATION
L2=N/A
TORUS D=5.707" d=0.267"
BOTTOM [

==t




| . VYC-1032 ATTACHMENT B
. “TELEDYNE ENGINEERING SERVICES

ijéﬁ__bﬂ!_/é:/_f.’i’ ] VERMONT YANKEE sheerno._C—7 oF /6
cHKD. BYS L. Boare £2-2/-9Q |  SHELL THICKNESS REQUIREMENTS PROJ. NO.__ 7726
. CALCULATION PACKAGE 7426-1 '

VERMONT_YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #3

STEP 1 - Circumscribed diameter of indication area

D=__5.707"7 _
STEP 2 Maximum depth of indication d = 0.26i”

STEP 3 Confirm that no additional indications are found within a 24.564"

radius. J__ confirmed.

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

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

J Free shell region, Figure 6
Local she]4 region, Figure 7

L = _55.125" _ Lies in Arc Region S_5_
L2 = N/A Lies in Arc Region S___

-$_5_ Permissible Corroded Thickness, tcqr = 0.225"/0.232"
S___ Permissible Corroded Thickness, tcor =

STEP 6 Check if measured indication depth is less than the permissible
corroded thickness (tegr).

Permissible Corroded Thickness = tcop = 0.225"/0.232"
Indication Depth = d = __0.267"

, d < teopr, then indication is acceptable, stop, skip
remaining steps.

L, d> teor, then continue.



VYC-1032 ATTACHMENT g
“WTELEDYNE ENGINEERING SERVICES '

ov_ZAT _oarej2:49-52 VERMONT VANKEE sneerno._C/0_or_ /%
CHKD. BY, LA A DATE /222/-94] SHELL THICKNESS REQUIREMENTS PROJ. No.__ 24/ 26
CALCULATION PACKAGE 7426-1

STEP 7

STEP 8

STEP 9

VERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #3

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

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

S 5, Factor "F" = __0.95
S___, Factor "F" =

Largest multiplier factor "F" = __0.957

Determine equivalenit diameter (D ) which circumscribes the
indications.

D =DxF
D’ = _5.707" x _0.987 = _5.462"

Using D’ and appropriate Figure 8 or 9, determine the a]]owable
indication depth (d’).

z Free Shell, Figure 8 ’
Local Shell, Figure 9

A]]owab]e Depth d’ = __0.368"

*

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

Original Wail thickness, Tg = __0.584"
Measured Wall Thickness, t = __0.571"

Adjusted d’ =d’ - (Tg - t) = __0.355"
Indication Depth, d = __0.267"

_Jd__, d < Adjusted d’, Indication is Accéptab1e.
, d > Adjusted d’, Weld Repair Required.



) VYC-1032 A1 1ACnvievy o
" 4 >TELEDYNE ENGINEERING SERVICES

BY T)Z//{ OAYE /8-15-52 VERMONT YANKEE SHEEY NO. =~/ OF /6

e e Boate 22190 | SHELL THICKNESS REQUIREMENTS | ProuNo._Z¥ LG
A CALCULATION PACKAGE 7426-1 -

VERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #4

| | . MITRE RING. GIRDER
¢ MIDBAY . / MIDBAY ¢

7 ?
R=24.64"

CORRODED AREA
CLUSTER OF PITS

8.8550" L‘- — 9.8550" l—'

|1 B

L

—— T C o

FREE SHELL LOCAL SHELL " FREE SHEL
14 (OUTSIDE)

[ INDICATION | =38.125"

LOCATION 43255

V4

5.128"

TORUS ' D=6.312" d=0.277"
BOTTOM [ ' t

L L 5 ~ /% * t=0.584




| VYC-1032 ATTACHMENT 8
- 4"TELEDYNE ENGINEERING SERVICES . .

ov_gF _owve/Ci22e VERMONT YANKEE swer o, C-/Z or_ /¢

CHKD. BYC B oare22/-90 SHELL THICKNESS REQUIREMENTS pROL NO.__ 7Y 26
. CALCULATION PACKAGE 7426-1 ’

VERMONT YANKFE TORUS SHELL
TORUS SHEEL INDICATION SAMPLE CALCULATION #4

STEP 1 Circumscribed diameter of indication area
D=_56.312"

STEP 2 Maximum depth of indication d = _0.277"

STEP 3 Confirm that 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 § Determine arc region(s) from appropriate Figure 6 or 7.

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

Ly = _38.125" Lies in Arc Region S_5_
L2 = _43.253" _ Lies in Arc Region S_5

0.450"/0.471"
0.450"/0.471"

It

S_.5_Permissible Corroded Thickness, teor
S_5_ Permissible Corraded Thickness, tcor

STEP 6 Check if measured indication depth is less than the permissible
corroded thickness (teor).

Permissible Corroded Thickness = teoy = 0.4507/0.4717
Indication Depth = d = __0.277"

_J _, d < teoprs then indication is acceptable, stop, skip
remaining steps.

» d > teor, then continue.



, VYC-1032 ATTACHMENT B
; - 4“TELEDYNE ENGINEERING SERVICES

2?7 )
ov_ LA E__onres2-15-20 VERHONT YANKEE SHEET NO. C”Z or/C
onko, evCiBoare/22/-90 | SHELL THICKNESS REQUIREMENTS | ProsNo._Z¥2G
: : CALCULATION PACKAGE 7426-1 )
L YERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #4
STEP 7 Determine circumscribed diameter multiplier.
(F) From the table of Figqure 8 or 9.
Free Shell Region, Figure 8
—_ Ring Girder (Local) Shell Region, Figure 9
S___, Factor "F" =
S__, Factor "F" =
Largest multiplier factor "F" =
STEP 8  Determine equivalent diameter (D}) which circumscribes the
indications.
D) =D xF
D’ .Sl - X =

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’34j) to account for reduced wall
thickness measured.

Original Wall thickness, T = _ 0.584"
Measured Wall Thickness, t =

Adjusted d’ = d' - (Tg - t) =
Indication Depth, d =

, d < Adjusted d’, Indication is Acceptable.
, d > Adjusted d’, Weld Repair Required.



_ VY(C-1032 ATTACH MENT B
' 4™TELEDYNE ENGINEERING SERVICES

ov 1L onre 12209-70 VERNONT YANKEE oweer no. 14 or_1©

cHKD. BYEL. Boate L-2L-KD ‘SHELL THICKNESS REQUIREMENTS prOJ. No.__ 2726
: CALCULATION PACKAGE 7426-1 ‘

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

STEP 1 - Circumscribed diameter of indication area

D - _2.261"
STEP 2 Maximum depth of indication d = _0.451"

STEP 3 Confirm that no additiona) indications are found within a 24.64"

radius. J _ confirmed.

STEP 4 If'Steb 3 is vfo]ated, re-circumscribe the area and re-determine
llDll and Idﬂ

STEP & Determine arc region{s) from appropriate Figure 6 or 7.

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

Ly = _221.75" Lies in Arc Region S_2_
Lp = _223.573" Lies in Arc Region S_1_

$_2_Permissible Corroded Thickness, tcop = 0.460"/0.434"
S_1_ Permissible Corroded Thickness, tcgp = __0.434"

STEP § Check if measured indication depth is less than the permissible
corroded thickness (tcor).

Permissible Corroded Thickness = tegp =~ __0.434"
Indication Depth = d = __0.451"

, d ¢ teor, then indication is acceptable, stop,'skip
remaining steps.

L, d> tegp, then continue.
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STEP 7

STEP 8

STEP 8

VERMONT YANKEE TORUS SHELL
TORUS SHELL INDICATION SAMPLE CALCULATION #5

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

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

- 0.830

S_2 , Factor "F"
S_1 0.913

, Factor "Ff

Largest mu]tiplierAfactor "F* = __0.913

Determine equivalent diameter (D’) which circumscribes the
indjcations.

F
261" x _0.913 = __2.064"

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 4’ = 0.461"

Adjust allowable depth (d’adj) to account for reduced wall
thickness meastred.

Original Wall thickness, To = _ 0.584"
Measurad Wall Thickness, t = __0.576"

Adjusted 4’ =d’ - (Tg - t) = __0.453"
Indication Depth, d = __0.451"

_ ] , d < Adjusted d’, Indication is Acceptable.
, d > Adjusted d’, Weld Repair Required.
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1.0  INTRODUCTION

The Vermont Yankee Nuclear Station has recently determined that it is
necessary to extend the remaining life prediction of the Mark I Torus Sup-
pression Chamber Vent Pipe/Header Intersection with respect to wall thin-
ning due to anticipated overall corrosion. The thickness requirements were
previously based on vent header stress results calculated from generically
derived stress intensification factors. These results are considered to be
overly conservative for the thickness requirements 1in more moderately
stressed regions of the vent header. -~ In this context, TES has developed
stress intensification factors specific to the various structural elements
of the vent header and in particular the region which is most affected by
corrosfon. Quantitative results of this analysis are presented in this
report as well as the methodology used to develop these factors.
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2.0  BACKGROUND

The Mark 1 Prograh was completed with the most efficient methodology
available for demonstrating Code compliance, while minimizing cost and
reducing the overall schedule requirements.

However, TES believes that Stress Intensification Factors (SIF's)
developed by finite-element analysis for the Mark I Program by Bechtel and
reported by General Electric in GE NEDE-21968, *"Analysis of Vent Pipe -
Ring-Header Intersections,” April 1979, Ref. 1.0, contained substantial
conservatisms with regard to many regions of the vent header. The intent
of the SIF's was that they be used to factor the mechanical and pressure
stresses in the torus ring header adjacent to the vent header to determine
the maximum combined vent header shell stress intensity. These SIF's
eliminated the need for a detailed finite-element shell model of the entire
vent system. The plant specific wmodelling effort for the vent system was
completed using the simple beam model representation shown in Figure 2-1
reducing man power and cost, This approach worked well for the
demonstration of overall Code compliance, but the shortcoming with this
approach is that the detailed vent header stresses in the location of
concern with respect to corrosion are unknown. In this analysis the
original vent header SIF's are further refined to reduce the level of
conservatism present and to provide additional” margin on the calculated-
permissible corroded thicknesses (tq, corrosion allowance).
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3.0  ANALYTICAL METHOD
3.1 General"

Under the Mark I Program, generic stress analyses using finite-
element computer models were performed on the vent intersection types for
the various plants. The objective was to generate generic values of stress
intensi{fication factors to be used with the plant unique analysis performed
using beam models., " These factors were applied to the beam stresses and the
results used to evéluate the vent pipe-ring header intersection. For the
vent header -type of intersection which applies to Vermont Yankee, Ref. 1.0,
the two factors derived were 6.0 for local membrane stress intensity due to
pressure toading and 3.1 for local membrane stress intensity for mechanical
loads and moments. These quantities were derived from stresses
representative of a combination of the maximum stress point in the header
and the governing loading condition. It is the objective of the current
analysis to determine specific stress intensification factors for the
various structural elements which make up the vent header and which are
less highly stressed than the regions adjacent to the stiffeners.

3.2 Analytical Model

The finite element computer “model . used for the Vermont Yankee
vent intersection is shown in Figure 3-1. The finite element computer
program ABAQUS developed by Hibbitt, Karlsson and Sorenson, Inc. of
Providence, Rhode Island, Ref. 2.0, has been used for the stress anaiysis
calculations. -Included in the model are portions of the vent pipe and ring
header for attenuation of local effects at the points of load application
and restraint,

vv5.1032 ATTACHMENT €.
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3.3 Stress Intensification Factors

Stresses in the header are calcuiated for six forces and
moments applied at the ring header and for internal pressure. These are
summarized in Table 3-1. For each case, stresies in the various branches
of the header are searched for maximum values. These results are tabulated
in Tables A-2 through A-5 of Appendix A.3 for each branch of the vent
header and the hemispherical head,” In addition, the maximum stress
intensities are tabulated in Table A-6 for areas inmediately adjacent to
the stiffeners. The stress intensification factors are then calculated by
normalizing to the remote ring header stress (equivalent beam stress) for
the corresponding load. The equivalent beam stresses applicable to the
Vermont Yankee vent header are obtained from NEDE-21968. The resulting
local membrane stress intensification factors are also tabulated in Tables
A-2 to A-6 and summarized in 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 in the Mark I Program and outlined in NEDE-21968 as
follows:

*... comparison of the tabulated results for unit load
cases with those for typical load .combinations reveals a
simplification which can be made. It can be determined
that pool swell Tload governs vent system response, and
that pool swell produces primarily bending moments appiied
to the intersection. The stress intensification factors
calculated for the governing pool swell load combination
approximate those due to unit bending moments applied to
the ring header in all cases. On this basis, the

VYC-1032 ATTACHMTNT C
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following intersection stress

intensification factors are

recommended for use in vent system design for all applied
load combinations.”

The SIF's tabulated below were obtained by applying the above
methodology to the finite element results reported herein.

Local Membrane
Stress Intensification Factor (SIF)
Load or Moment ‘Pressure
Maximum TES Maximum TES
Location Calculated | Recommended Calculated | Recommended
Vent Pipe Branch 1.27 1.3 1.6 1.6
Ring Header Branch 2.3 2.3 2.7 2.7
Vent Head 1.1 1.1 1.1 1.1
Vent Head Branch -1.5 1.5 1.6 1.6
Adjacent to Stiffener 3.1 3.1 3.0 3.0
Mark I Program 3.1 6.0

The tabie includes the TES recommended SIF's to be applied to
stresses induced by header loads and moments. and by internal pressure.
This provides a simplification with but a small degree of conservatism.
The table also compares the Stress Intensification Factors used for the
Mark I Program and those recommended for use in refining the thickness
requirements for vent header corrosion.

3.4 Vent Header Intersection Stress Intensities

TES has reviewed the vent system analysis package, TES Document
No. 2252-5, Rev. 1, "Vent Header and Intersection with Main Vent, Combined

YYC-1032 ATTACHMENT C
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Leoads, Vermont Yankee," Ref. 3.0, ‘to determine the local membrane stress
intensity values necessary in establishing the minimum required thickness.
The controlling condition for the vent header intersection is Load
Combination 19 and the corresponding vent header stress is contained in the
above-referenced calculation on Page 25 of 30.

For Load Combination 19 the vent header stresses are:

Forces and Moments 7751 psi
Internal Pressure 817 psi
Loads and Moments Internal Pressure
Local
. Membrane
Vent . Stress
Header Vent Vent Intensity
Locatfon SIF  Stress (psi SIF  Stress (psi) (psi}
Vent Pipe Branch 1.3 10,100 1.6 1,310 11,400
Ring Header Branch 2.3 17,800 2.7 2,210 20,000
Vent Head ) 1.1 8,500 1.1 200 9,400
Vent Head Branch 1.5 11,600 1.6 ' 1,310 12,900
Adjacent to Stiffener 3.1 24,000 3.0 2,450 26,500 .

The allowable Stress Intensity value used in Ref. 3.0 is 1.5 Sp = 28,950 psi.

The maximum membrane stress intensity in the stiffeners for Load Combination
19 is 21,300 psi.

3.5 Vent Pipe/Header Intersection Thickness Requirements

The permissible Tlocal réduction in wall thickness for the
- various regfons of the vent pipe/header intersection, as identified in
Figure 3.2, are provided in Figures 3.3 through 3.7.
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“TABLE 3-1
Load Load . Load

Case Type Magnitude

< ‘L]u_ —_— - Axial, Fx- 1 ki‘p

Q TjiT D She;:r, Fy - 1 kip

\\L O I O T Shear, Fz | 1 kip

<& “T_‘_ —> . Torjsion, Mx 1 in—kip
§L _L_WL 5? Bending, My 1 in—kip
C i j Bending, Mz 1 in=kip

Pressure, p 1000 psi

Moments applied in combination with shear loads provide
pure shear loading at sphere—header intersection.
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TABLE 3-2
SUMMARY OF STRESS INTENSIFICATION FACTGRS

Adjacent
_ to
Load Vent Ring Vent Stiffener
or Pipe Header Vent Head (See Mark 1
Moment, Branch  Branch Head Branch Note) Program
Axial ’ .
Fx=1 kip =~ =~ 2.36 2.91 1.18 1.77 8.68 6.55
In-Plane o - :
Shear 0.73 1.07 0.47 0.90 1.33 2.48
Out-of-Plane
Shear 1.76 1.35 0.14 0.27 2.03 1.96
Fz=1 k‘ip
Torsion , :
My=1 in-kip 0.53 1.27 0.40 0.67 2.07 2.13
Out-of-Plane '
Bending 0.80 2.0 0.60 1.0 2.93 2.47
My=1 in-kip
In-Plane
Bending 1.27 2.27 1.07 1.47 3.07 2.40
My=1 1n-k1p
Pressure .
p=1 psi_ 1.62 2.69 1,09 1.62 3.04 5.57

Note: These factors apply to regions within 12" of stiffener.
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APPENDIX A

Finite-Eiement Analysis of Type II Vent Header Intersection
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A.1  ANALYTICAL MODEL

The method of analysis for determining the stress intensification
factors in the bottom section of the vent sphere is similar to the
procedure described in Section 3.2 of “Analysis of Vent Pipe-Ring Header
Intersections,” Task 4.2.2, prepared by Bechtel Power Corporation for
General Electric (Ref. 1.0). The geometry used for this analysis is
similar to the Type II vent-header intersection described in Ref. 1.0 with
actual dimensions obtained from Ref. 4. The finite element shell model is
shown in Figures A.1-1 through A.1-7.
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A.2 UNIT LOAD ANALYSIS

The shell model is subjected to unit forces and unit moments on the
ends of the vent headers and one internal pressure case which results in a
total of seven separate load steps. The two shear loads are equilibrated
with an opposing moment which results in pure shear at the ring-vent
intersection. Table A-1 shows the directions and magnitudes of the seven
applied unit load steps. '
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A.3  RESULTS

The results of the computer analysis for the vent header have been
summarized in Tables A~2 through A-7.
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TABLE A-1
Load Load Load
Case Type - Magnitude
Uyl
—— —t > Axial, Fx | 1 ki‘p
(KRB |
Q T_.__T D Shear, Fy 1 kip
i
J/l O —— 0 ;T\ Shear, Fz 1 kip
Ll
Ll e > Torsion, Mx 1 in=kip
LLL
\\L - T Bending, My "1 in=kip
LeLl ‘ '
C S D Bending, Mz 1 in—kip
ﬁressure, p | 1000 psi

Moments applied in combination with shear loads provide
pure shear loading at sphere—header intersection.
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JABLE A-2

STRESS INTENSIFICATION FACTORS FOR VENT PIPE BRANCH

Stress Intensification

Factor
Local Equivalent
Load Membrane Beam Stress
or Stress Intensity ~ {(NEDE- 21968) Local
Moment (ksi) (ksi) Membrane

Axial ‘
Fx = 1 kip 0.052 0.022 2.36
In-Plane
Shear 0.064 0.088 0.73
Qut-of-Plane A
Shear 0.155 0.088 1.76
Fz = 1 kip
Torsion
My = 1 in-Kip 0.0008 - 0.0015 0.53
Qut-of-Plane
Bending 0.0012 0.0015 0.80
My = 1 in-kip
In-Plane
8ending . 0.0019 0.0015 1.27
Mz = 1 in-kip
Pressure
p =1 ksi 185.0 114.0 1.62
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TABLE A-3
STRESS INTENSIFICATION FACTORS FOR RING HEADER BRANCHES

Stress Intensification

Factor
Lacal Equivalent
Load Membrane Beam Stress
or Stress Intensity (NEDE-21968) Local
Moment {ksi) (kst) ~ Membrane

Axial
Fx = 1 kip 0.064 0.022 2.91
In-Plane
Shear 0.094 0.088 1.07
Fy‘-" 1 kip
Out-of-Plane
Shear 0.119 0.088 1.35
Fz=1kip ’
Torsion :
My = 1 in-kip 0.0019 0.0015 _ 1.27
Out-of-Plane
Bending 0.003 0.0015 2.0
My = 1 in-kip
In-Plane
Bending 0.0034 0.0015 2.27
Mz = 1 in-kip
Pressure

p =1 kst 307.0 114.0 2.69
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TABLE A-4

STRESS INTENSIFICATION FACTORS FOR VENT HEAD

Stress Intensification

Factor
Local Equivalent
Load Membrane Beam Stress
or Stress Intensity {NEDE-21968) Local
Moment (ksi) . (ksi) Membrane

Axial
Fx = 1 kip 0.026 0.022 1.18-
In-Plane .
Shear 0.041 0.088 0.47
Out~-of-Plane '
Shear 0.012 0.088 0.14
Fz =1 k1p
Torsion
My = 1 in-kip 0.00086 0.0015 0.40
Out-of-Plane ,
Bending 0.0009 0.0015 0.60
My = 1 in-kip
In-Plane
Bending 0.0016 0.0015 1.07
Mz =1 'in—kip
Pressure
p =1 ksi 124.0 114.0 1.09
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JABLE A-5

STRESS INTENSIFICATION FACTORS FOR VENT HEAD BRANCH

Stress Intensification

Factor
' Local Equivalent
Load Membrane Beam Stress
or Stress Intensity (NEDE-21968) Local
Moment (ksi) (ksi) Membrane

Axial
Fx =1 kip 0.039 0.022 1.77
In-Plane
Shear ) 0.079 0.088 0.9
Fy= 1 klp
OQut-of-Plane
Shear 0.024 0.088 0.27
Fz =1 k’ip
Torsion
Mx = 1 in-kip ¢.001 0.0015 0.67
OQut-of-Plane .
Bending 0.0015 0.0015 1.0
My =1 1n-k1p
In-Plane
Bending 0.002 0.0015 1.47
Mz = 1 in-kip
Pressure
p =1 ksi 185.0 114.0 1.62
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STRESS INTENSIFICATION FACTORS ADJACENT 70 STIFFENERS

Stress Intensification

Factor
Local Equivalent
Load Membrane Beam Stress
or Stress Intensity {NEDE-21968) Local
Moment (ksi) . (ksi) Membrane
Axial
Fx = 1 kip 0.191 0,022 8.68
In-Plane o :
Shear 0,117 0.088 1.33
Qut-of-Plane
Shear 0.179 0,088 2.03
Fz =1 kip
Torsion
Mx = 1 in-kip 0.0031 0.0015 2.07
Qut-of-Plane : : :
Bending 0.0044 0.0015 2.93
My = 1 {n-kip
In-Plane
Bending 0.0046 0.0015 3.07
Mz = 1 in-kip
. Pressure .

p = 1 kst 347.0 114.0 : 3.04

Note: These factors apply to regions within 12" of stiffener.
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TABLE A-7
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STRESS INTENSIFICATION FACTORS FOR STIFFENERS

Stress Intensification

Factor
Equivalent
{oad Membrane Beam Stress
or Stress Intensity (NEDE-21968)
Moment {kst) (ksi) Membrane
Axial
Fx = 1 kip 0.171 0.022 7.77
In-Plane
Shear 0.105 0.088 1.19
Qut-of-Plane
Shear 0.142 0.088 1,61
Fz = 1 kip .
Torsion
Mx = 1 in-kip 0.0025 0.0015 1,67
Qut-of-Plane ,
Bending 0.0036 0.0015 2.4
My = 1 in-kip
In-Plane
Bending 0.0024 0.0015 1.6
Mz = 1 in-kip
Pressure
p =1 ksi 379.0 114.0 3.32
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APPENDIX B

Check of the Computer Model
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APPENDIX €

Permissible Corrosion Allowances for the Vent Pipe/Header Intersection
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VENT PIPE/VENT HEADER INTERSECTION (AT VENT PIPE BRANCH),

- RANGE OF INDICATION SIZES(FILE NAME:VYVPB.MCD)
PERMISSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi):

Minimum Shell Thickness (T,in):
Shell Mean Radius (R,in):

Allowable Stress (S,psi):

. ’ T
Equivalent Pressure: PO := Pmax-~—
) ' R

Indication Diameter Factor (X): b4

[}
3o
» |8

NORMILIZATION OF THICKNESS REDUCTION CURVE:

L :=0 ..11
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1.271 K1 = d/T
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0.899 K2 = (D/T)*[(PO/S)**1/2}
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0.538 Depth of Indication (4,in):
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Diameter of Indication
per F:

*

PAGE 1

Pmax 11400

T := 0.25

R := 40.625

§ := 19300

PO = 70.154

X = 0.241
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RANGE OF INDICATION SIZES(FILE NAME:VYVPB.MCD) ) PAGE 2
Depth and Diameter of Indication: d DxF
L : L
0 5.27
0.025 4.445
0.05 3.728
0.075 3.147
0.1 2.668
0.125 2.218
0.15 1.737
[ 0.175 1.178
0.2 0.522 |
0.211 |- 0
0.225 0
0.25 0

GRAPH ~ DIAMETER QF INbICATION (D,in) VS DEPTH OF INDICATION (d,in)
Thickness avallable for corrosion (Tcor,in): Tcor := 0.1196

d := ifjd < T¢or,Tcor,d
L L L

For Maximum Stresssed Shell Element (F = 1.0)

, 6
DxF
L
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0 N
C.0 d 0.3
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RANGE OF INDICATION SIZES(FILE NAME:VYRHB.MCD) PAGE 1

PERMISSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi): Pmax := 20000

Minimum Shell Thickness (T,in): o T := 0.25
Shell Mean Radius (R,in}: R := 28.625
Allowable Stress (S,psi): § := 19300
T
Equivalent Pressures PO 1= Pmax'~— PO = 174.672
1 (PO
Indication Diameter Factor (X): X 1= — |+— X = 0.381
T S

NORMILIZATION OF THICKNESS REDUCTION CURVE:
L := 0 ,..11
Kl = K2 :=.
L ‘ L
1.271 X1 = 4/7T

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

0.535 Depth of Indication {d,in): d := K1 7T
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Dlameter of Indication DxfF = —
per F: L X
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RANGE OF INDICATION SIZES({(FILE NAME:VYRHB.MCD) PAGE 2
Depth and Diameter of Indication: d DxF
L L
Q 3.34
0.025 2.817
.05 2.362
0.07s 1.995
0.1 1.69
0.125%5 1.406
0,15 1.101
0.175 . 0.746
0.2 0.331
0.211 0
0.225 ]
0.25 0

GRAPH - DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in)
Thickness available for corrosion (Tcor,in): Tcor := 0,077

d := if|d <« Tcor,Tcor,d
L L L

'For'Maximum Stregssed Shell Element (F = 1.0)
4
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L \\\\\\
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VENT PIPE/VENT HEADER INTERSECTION (AT VENT HEAD),
RANGE OF INDICATION SIZES(FILE NAME:VYVH.MCD) PAGE 1

PERMiSSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress {Pmax,psi): Pmax := 9400
Minimum Shell Thickness (T,in): . T 3= 0.4375
Shell Mean Radius (R,in}): ' R := 40.625
Allowable Stress (S,psi): S 3= 19300

T .
Equivalent Pressures PO := Pmax’' ™ ) PO = 101.231

R

i1 |pPC
Indication Diameter Factor (X): X 1= = |— X = 0.166
: ' T {§

NORMILIZQTION OF. TEICKNESS REDUCTION CURVE:
L =0 ,.11

Kl := K2 1=

1.271 | K1 = 4/T
1.072 |
0.899 K2 = (D/T)*[(PO/S)**1/2]
0.759
0.643
0.535 Depth of Indication (d,in): d := K1 -7
0.41% | . ’
0.284
0,126
g.0 K2
0.0 L
0.0 Diameter of Indication DXP 3
per F: L X
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VENT PIPE/VENT HEADER INTERSECTION (AT VENT HEAD),

RANGE OF . INDICATION SIZES(FILE NAME:VYVH.MCD) ) PAGE 2
Depth and -Diameter of Indication: 4 - DxF
. ) L L
0 7.678
0.044 6.476
0.088 5.431
0.1331 4.585
0.175 3.884
0.219 3.232
0.263 2,531
0.306 1.716
0.35 0.761
0.369 0
0.394 0
0.438 [¢)

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

Thickness available for corrosion (Tcor,in}: Tcor := 0.2954
d := ifjd < Tcor,Tcor,d
L L ) L
' . For Maximum Stressed Shell Element (F = 1.0)
. 8 .
DxF
L
)
N
0
0.0 d 0.5
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PERMISSIBLE REDUCTION IN THICKNESS:

Primary Membrane Stress (Pmax,psi): Pmax := 12900
Minimum Shell Thickness {T,in): ' T := 0.25
Shell Mean Radius (R,in): R := 40.625
Allowable Stress (S,psi): § := 19300
T .
Equivalent Pressure: PO := Pmax'~— PO = 79.385
. R

1 (PO
Indication Diameter Factor (X): L 1m = |o— X = 0.257

T §S

NORMILIZATION OF THICKNESS REDUCTION CURVE:

L :t=90 ..11

=
[
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R
~N
L1}
4

[1.271 XK1 = 4/T

o b I
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0.899 K2 = (D/T)*[{PO/S)**1/2)
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Depth of Indication (d,in): d =K1 ‘7T
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.0 Diameter of Indication DxF =
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RANGE OF INDICATION SIZES(FILE NAME:VYVHB.MCD) - PAGE 2
Depth and Diameter of Indication: d DxF
L L
Y] 4.954
0.025 4.179
Q.05 3.504
0.07% 2.959
0.1 2.506
0,125 2.085
0.15 1.633
0.175 fa1.107
0.2 0.491
0,211 0
0.225 0
0.25 Q

GRAPH ~ DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION (d,in)

Thickness available for corrosion (Tcor,in): ' Tcor := 00,1196
d := if|d < Tcor,Tcor,d
L L L
For Maximum Stressed Shell Element (F = 1.0)
]
DxP
L \
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o
0.0 d 6.3
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PERMISSIBLE REDUCTION IN THICK&ESS:

Primary Membrane Stress (Pmax,psi): . Pmax 3= 26500
Minimum Shell Thickness (T,in}): ' T := 0.25
Shell Mean Radius (R,in}: R := 40.625
Allowabhle Stress (S,psi): s := 19300
T ‘
BEquivalent Presaure: PO := Pmax"— PO = 163.077
. R

1 |ro
Indication Diameter Factor (X): X sm — |- X = 0.368

T S

NORMILIZATION OF THICKNESS REDUCTION CURVE:

L :=0 ..11

]

.—A
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]

=

N
!

u

1.271 Kl = d/T
[1.072 |
0.899 K2 = (D/T)y*{(PO/S)**1/2]
0,759
0.643
Q.535 Depth of Indication (d,in): d := X1 -T
0.419 L L
0.284
0.126
.0 . R2
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Diameter of Indication DxF 1= —
per F: L X



: _ VYC-1032 ATTACHMENT C
“\"TELEDYNE ENGINEERING SERVICES

BY DL A DATE_r2/21/%0 VERMONT YANKEE sHEET NO._S & _oF_TC
cHKp. BY (MG DATEIZIZH9D | STRESS INTENSIFICATION FACTORS| PROJNO._ ZZ.Co
’ e CALCULATION PACKAGE 7426-2 )
VENT PIPE/VENT HEADER INTERSECTION (ADJACENT TO STIFFENERS),
RANGE OF INDICATION SIZES(FILE_NAME:VYSTIF.MCD) i PAGE 2
Depth and Diameter of Indication: A d DxF
L L
[¢] 3.457
0.025 2.916
0.05 2.445
0.075 2.064
0.1 1.748
0,125 1.455
0.15 1,14
0.175 0.772
0.2 0.343
0.211 0
0.225 0
0.25 0
GRAPH -~ DIAMETER OF INDICATION (D,in) VS DEPTH OF INDICATION {d,in)
Thickness available for corrosion (Tcor,in}: Tcor := 0.021
d := if|@ < Tcor,Tecor,d
L L L
For Maximum Stressed Shell Element (F = 1.0}
4
DxF "N
L \\\
N
\\
0
0.0 d 0.3
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CHLILATION PALYAGE | 142673

B e e et

o
:

g A S SO

[ O,

; i 1 - —
; : ! : .
Vs e - e e e e
: : H . .

o e tam e

— _ﬁ_ This calewlahon. s .re%u:red o Satisfy and

S— .. AsSurane Manual ). Sechon 34,2, reqording vevibicahon

i et OE ON-TES - OWned  computer programs. This
e N@nBcahion s accomplished by sahsfying  dhe

__-_a__-*__._.fﬁ}llowm& condrhons ¢ . -

I. The proaram must gue he resolts e

authers  Infended, on +he TES COmputer

2. Tre dements and motines vsed for tis

POleck Gre correck and eror Lree, 4o
Hhe best of cur inowiede,

—— ——— — ——————. —

ﬁ)rnply*.wﬂ—h.w.:!.'h&._re%ux.r.emenfs.._og “he. ‘YESQuah-H BT
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 YYG1032 ATTACHMENTD

———— e n s v

v 'ME@‘ DF AIPLNSIS .. ..

| Tn oder o ven®y dhe ?Cf(wman& of ABPAQUS
eSO 4-R-B_{Reference |). on_the TES decstahon, 300, threa_ . . .

arbitrarily. selecked  eyample  protlems wdere anakyzed,
vSing Input fiks provided on Hape with the program.
The problems selecked (ncddude  the - Barvel Vaull Reof
Poblem, the. pincred Cylinder protlem, and ..an exarmple
H Show Skewd sensm\u‘ﬁj cfF shell elememds. The eypzeid
resolts for these problems are Liskd 1n e ABAQUS
Example Problems Manval (Referene 2)

To Show -Hrat He elements and rouhnes r€(0)U|f€d
for s pro‘gcd— are Correct and (e Qree,, four
Simple Pipe medels were dralyzed, under the following

. load tondihons 1 avial (cad ; bending moment load 4
Horsicnal momert loody and +ransverse Snear load.
These are Qassie load cases apped to Simple .
geometry, so Hiat +he results can be casily veriheal.
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av__CLA.ﬁ_;oare_LZJJZISQ 7] sweeT No. 4 or IS
CHKD. BY GA1_DATE 2-13-9p | ABABLS VERIFKATION CALLULATIONS ' prod. NO. 7426

J— L CALCULATION _PACKASE M2

e i mdame mite ame e smientq ma e o) e = AL e mp M s T Aw Gswm s i e enl e 4 e e © ot e ke e s im sse s o e
veme vt o7 i ¢y memem ol eam o S e eeesfus s rRNA e emem bl s seseiimeesma e s
r—— ae = i m——— s 4y o [N S, P Y=y N e T LR P — e .

ﬁ-m_H_K§ gexamc;mou PR()E:LENL LLIAG

Barrel Vm.d-l- t?cn@ Problem u.>l+h ZOXZD me:h SgRS
. elements

This mcdel represents ore guavir of an arched roof
Supporkd cnly G s 2urvet edges (WAL, indicated aecs )

“he remairder of the voof .= re_prCSCr“*Cd by - symmetrq
boundany Cordihons applied to APEx and SYNM, alove.

The model uses G eylirdrcal oordinake systam, and e

| and 2 dwechivs (Rard §, akove) are restroindd G WL,

NCLE 1 'T'ne toundauq ¢ond: hcnS here. req)mre U.. ST A LL‘&’O
Tus 15 venfied for the SARS element +jpc (compulcr run
IOt ae.dot , Refvence. 4). '

MODE 41 e bourdany corddions rere @gONe uz u.3 ur, urz R0
this s verihed {or dhe SRRZ clemadt. Also, Hee 13 a preciue
vertieald dieplacement at -tws ncde { w, = 0‘4243

as discussed \n sgction (1.1 of +he ABAQUS Exanpe Hobems
Manuat (Reevence 2).
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CHKD. avﬁu_onsmﬂ;f_ ABAQUS VERIEICATION CALCULATIONS | proy, No._. 14240

| .ehcosmon PAAGE. A3 e

.___.._-_?ROBLEM- L= esc.__(comquepb._,_._ﬁ S ' -

N%ZQQJ "(\'\e. boundo-nﬁ condahons here speClQ.) Q= U.?_ 0.
Tor dement dupe S8R5, this is verthed in the compuk:r
.. Gnalysis.. odtpuf. — O

uobe 2041 “the bomdarﬁ cwdmons here regulre. UasUr, =uUr-0
for element 4upe SEKG Has s veried 1n +he computer cutput.
his node. represents the center of Hre Free. edge. of he 1ok,
for which the accepied solhon s W,z —3.59 inthes, Tor the
S2RS elemerit, W, = =315 intnes, This represents G O0.1%
Oifference., which 15 acceptatie. |

s problem IS considered o be veribed.
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BY__M___‘DAT!JZJIZKQD_ sHEeTNO._ (o OF 15
" CHKD, BY_GA]_DATELL=/9 20 ARAQUS VERIFICATION CALCULANOMS | proy. NO

CACOLTION, PAKAGE A3 e

S NERIEICATION ROBEA LI2CD 'f i}

o2 Pocned c\;\iraec _prob\ey-n._._._v.\.)f\,’c\_;\. F\ne \frégu\ar mean. (3upe b S
‘ SORS elements o L

This model represents  One eighih of 6 prehed oyhnder with
rigd daphragms.at ufs ends. Tre. femairdsr of the ogtinder
S repeseniad by Symmetny poondary . condvhons ax e
cdges. The madd uses & Gilindrical coofdingte Syskrm, and
dhe nodes lona the fixed era of ‘e cylinder age reTiedined
0 Hat U, =U, 0. '

A comporison of tne raymom radial displacement  vesulis Lom
Computer, run , 10A0Zcd.det (Ref S) worihh Mesh type | displacerncnts

fom Table. [.1.2-2 of the ABAQUS . Example Procems. Manua (Ret.2)
Snows  goad agreevent. TFor the AR5 glement with 2266 DOF
Qe = 11933 x 1075, while dne expecied resul+ for s dlemeni/
DOF s L793%107, whionh sqrees.

This problem i3 veribed.

et e e e Ak o ¢ €A+ e A it i P e S Y+ i et S} T = $E T4 2 e beemne
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ev__(CMS  pare izl2ld0 sweerno.__/  or_|S
CHKD. av__CzM_DATB.LLLLﬂ_ ABADUS VERIFICATION CALLOLATIONS | ppoy. wo._ T4 2l0

e cbd.cuz_knnu_?mnée A2b-3

vy e vy eh e b ...--._..f,-__.__._... SO SO SIS UFU VP PPV SO PRI P ._...r - e e

P S - _._.._____._ .- T e mem mirt s e G A S AU cme e a e deueio e tmee W see Bue  m e 4 = se s mwme = o

HKS_.\!ERMCAT\OLL PE QQA L.Asig&

SKe:.o Sensuhwﬂ ol-‘ shell elemen-ls usmg a Slmpk/ Suppoﬂfd _ _
e Dlate  whhia uniform pressure,.. MrXM—mcsh RO° =kew
S o.nsle ._5.395 clemenis e e et e e e e

Yy oo

The toundary cordihons for “his model consist of Hansatoral
restraints in alt ‘three. direchars. (u.,*.uz 2y T O). alorg the
boundary of +he plate.

For +he SARS element type, the bmdmg moments are
Muay= 43880 4I0% and’ Muws 4.527x( ot node 1415 (computer run
10105a1 . dat,Ref (). Per_Table 1.1.5-4 of +the ABAAUS Example.
Prodlems  Manual (Ref.2) for dms. mesh and Stew angle, Moo= 4.89¢10°
ond Mmn~ 455*'0-1 which o.gvee. The . displacemeit at
. nede {15 (cenker o Plok s w= L4126y107, and Hoz.
yolee (ngable [ 154 s =14z 03 which ogrce's

This proldem 15 veribied.
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 CALULATION PAAGE. “AZer3

& —— e i TR R R R EE b

$ - - - - SO TP SU S SR SRR B SR

' C R=150n
L= 100 tn
t=1{ in
g i

Buioi =10* o

This case uXs Gnalyzed using 0- Madel Wi b elements

Qround the Circumferene of e oylieder, With, S23R5

elements. the load wad apphed Gt +he cenier oF
..Yre. oyhnder by usng. MRC.Sguahons . fo jorn the center

node o the: edge nodes. The expecied Stress value for
Jhis case Corresporas +o -

e E2 z 02, = 10L10 pse.,
A 24t (1sim)tin)

| Tor the SRS element ype (compoter vun axiol.dat, RE T)
- _ dhe avial stress at Hhe lcaded erd  OF the cylinder. (S .
£,27 IOLOG pst, Which agrees with the expeciad valle.
Tn the Hheee «irgs of elements (1o 48) neayest 4o He
fived end of Hhe oylinder, Hhe Stresses do not madon e
. expecked vodue.  This. (S due_fo he  boundary conditions
. and disconhinoidy 2ffects since e, nodes o he {ixed erd
: m-‘b“\j restvauna and Can not. displaoce fad'dlbj._

e, cuial xAdkng,on. e S5 element 15 e
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N < gesie
- 3 M, = 10° inlb t: lin
. , L= 100m

This Cose (03 Gralyzed using & model waiiih l elemenis

. ascond -ihe. circumfeeence | of “he Cylinder, with SRS

elements, The load XS apphed af e center

of the cylinder using MPC eguations 4o join the ceniec
nude o +the edag nodes. The egecid rosimoum berding
Stress Aor s Case (s . S

o

bm

=+ Mc (109155 = (46D psi
T I(sst-v4 .54)

Tor ¥e SBRS dement upe (Ccmp,ulcf run bawdmg.da}:,ﬁt'ﬁﬁ),
the marimum sorface Stress £ dre fish r{ma ot elarerts
at 4ne restamed end 1S S, F 1457 p, whidh agrees |

Cwith He egectdiatee  of & = (A0 pst._In_the mddle

Em
of He oyhinder; S, vares tzr:;en 14 s and Az pal,
In e lagt 4wo rows of eavents near the looded end,
S, vanies benween ISIZpst and 1604 pst. Ths represents
@ 2.b% to. 0% errer, which Con 2 attnibvted. 4o the '
prokimity of the apphed lcad.

“the. bending moment load on e SRS clement is verfed.
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Mx="10° in.lb L= {COmn
' t= \in
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CThis 032 w0S analyzed . 0Sing .0 model Wit (o elements
arcond +he Cweumberence of Hhe eylinder, v th SRRS
Elements., . M\PC Z%UOJ’IOY‘S vere used +D\50\rn +he
edges of the cylinder 4o fhe center, and +he lcad 0Xas

. apkbed ad the cender nde. . the expecied  mpximum Shear
Stress for Hs cose s '

Come = M C = (012 = 130 pst

and ot Hhe midwall of the ¢y nder, |

- Zrmd M e ;__‘_0(0(163 s :_.jo(ﬂ.(a PﬁL
3 gles-d S‘)

For dhe SRS <lement type (compukr run Acrson.dat, Ref CD
- e Shear wfress at e insde. rface oF tHhe. cylinder

s O pst, and ob the outside ;,ufFGcc T= 74ZP<L
. TThese valves @main  Constsint. Hhoughout Hhe. model,

. both. 0.10(\3 the lenatih, and. ardund dhe Clrcum-QfCV!Ce
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WM_DER (commuéb\
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Avem.gqu -*\ese. 3fre53es ‘ba c:bhun o \Jo.lue. —%{ +he. rruduoaLL [
oF Hre cylinder, . T}, = 7065, psi, whien agrees with . .
.>dhe_ expected StreSS a_t:me.,__mudm.u S N e e

‘rhe +ors:oml momen’r on. -ihe SZR‘S elemen+ s Ve;aned

e S it o — —— PR - ——————
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-
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Tws case Was analyzed EiNg A mddel with b demens crourd

. the Qroomference . of e cubinder, with S8RS  elerrents. .
The load was appled 1o +the Cenier of -fne Qylwder
UStng MPC eguahons o Jom the cenktr node o Hhe edae ks,

The  movimom. . bending gress .. L1333 05t (co:npukr ron
Shear .dak, Ref. 1) at elemen+ 5. at +he (estrawad end
of +he cylinder. The expected Stress due 1o Hus

lo admg 1S
IR " VA Y
I .
= 100uo ) Ioa 153,5)

it

:_f:\[ L) C._, _
I

%(.«ss‘* - 14 .s“).-. -

= (460 pPst.

s represcn’rs an error of 81% behoen e 4o

valves, wnich s oo (easonalolc auhomh

not. evact

compavson.  The Cause of s maccuraog (s dtsc,ussed
in Bathe's Finile Eiemert Procedures jn Enginesring

Aoatyz s, page 288 (Reference. 3).
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“(he Q»LPedCd Sheo.r;_ énr;és--doe ‘\'D 'Hma loodlng_.(s

_ . - ’i’=\_/<_§._ .Lbéooﬁ( 450,167 = 2|2 psn,
e (\%\4 ESLY{(2) S

. The stresses coqu\okd.,(n.*he_ F(rs+ four rouss of
..elemerds nearest o vhe fxed. end are. inaccuvale,. .
doe 4o-e poundany condchons agpted Here. Ln the
last s vows, He moximom Shaar StresS  varies
behween ZID;.P& and QZZP-:L repréScmHms
.on esror range. 68 -0.8% . do._ 4. 8%, Lhich s

o.cceprable.

- Based on Ahe. gbove,. e _dransverse shear load on
Hhe SBRS demert 13 verified. ' '
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_ Bosad on %e (eSU”’S re'senkd'um'%(;{ ll:hls
Cn.lm.lodnon nell . element. +3pe. SBRS and. ABARUS .

Ners\Oon._. 4—8'6 on +he Decstahon 3100 awe - consdered
. b.be venfed fox use on TES proyect 4z,
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4. 10101ac.dat  (2{3[q0 1511 ABAQUS 4-R-5
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Client: ermont Yankee {VY) Me neering Grou

Yankee Atomic Electric Company (YAEC)

PROJECT SCOPE

Review Mark I torus analysis documentation for Vermont Yankee to determine
corrosion allowance, torus shell and vent header thicknesses used in the
TES analysis of record. Determine permissible flaw sizes for torus and
vent header shells based on the analysis of record.

Applicable sections of the TES QA Manual ~dated 6/22/83, Rev. 4, are:
1 through 3, 5, 6 and 16 through 18. -
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gg_v_lg_j_g_n - Date Changes in Section
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