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I.  BACKGROUND

A. Basic Technical Principles

“Fatigue is an age-related degradation mechanism caused by cyclic
stressing of a component by either mechanical or thermal stresses that
eventually cause the component to crack. Under such cyclic loading, a crack
will be initiated and the component will fail under stresses that are
substantially lower than those that cause failure under static loadings.
During each loading cycle, some fraction of the component’s fatigue life is
exhausted, its size depending on the magnitude of the applied stress.
Eventually, after N cycles, the component’s allowable fatigue life is fully
expended. The number of cycles n at any given stress amplitude divided by
the corresponding N is called the usage fatigue factor. The cumulative usage
fatigue factor, CUF, is simply a summation of the individual usage factors.

- ASME Code Section III requires that CUF must not exceed unity. The CUF

is expressed as

CUF =Y n, IN,

The basic equation that describes the crack growth rate for a given
stress intensity includes two empirical constants, C and x. A large data base
exists on the empirical constants C and x, which was derived from
laboratory tests mostly in air under controlled conditions. This equation can
predict crack growth reliably as long as it is used under the conditions that
were used to calibrate C and x. This principle is very important in assessing
how Entergy used laboratory data to calculate fatigue life of selected
components at the VY plant.

To account for the fact that crack propagation in water is different
than in air, the individual usage factor in air is multiplied by a corresponding
correction factor Fen. Fen is simply the ratio of the fatigue life in air at
room temperature to the fatigue life in water at the local temperature. The
environmentally corrected CUF is defined as,

CUFen = Fen (CUF)



Fen is derived from laboratory data on the effect of strain on fatigue life, i.e.
the number of cycles to failure. NUREG/CR-6909 describes such laboratory

tests in detail.

The procedures to analyze components for fatigue are specified in
Section III of the ASME Code. The Code provides fatigue curves for
various materials, which specify the allowable number of cycles for a given
stress intensity. The code requires that the CUF at any given location be
maintained below one. Since the Code used data from laboratory tests with
smooth specimens, the code made allowances (2 on stress and 20 on cycles)
in recognition that a test specimen in air may have a longer fatigue life than
actual components in a reactor. The most current ASME code also provides
a simplified set of rules in Subparagraph NB-3600, and a more rigorous rule
in Subparagraph NB- 3200, which is based on using a finite element analysis
to calculate CUF values. Replacing the simplified analysis with a more
detailed analysis has the advantage of removing unwanted conservatism
from the results of the simplified analysis. Since the detailed analysis may
require a larger data base than the simplified analysis, the user must
ascertain that the necessary data base exists. When such information is not
available, and the user instead makes arbitrary assumptions, the benefit of
the detailed analysis is completely negated.

B. Regulatory Requirements
NRC regulation 10 CFR § 54.21(c) requires that each license renewal

application must include “an evaluation of time-limited aging analyses”
(“TLAA”) for components covered by the license renewal regulations.’ If

: TLAAs are defined as:
Those licensee calculations and analyses that:

(1) Involve systems, structures, and components within the scope of license
renewal, as delineated in § 54.4(a);

(2) Consider the effects of aging;

(3) Involve time-limited assumptions defined by the current operating term, for
example, 40 years; _

(4) Were determined to be relevant by the licensee in making a safety
determination; _ '

(5) Involve conclusions or provide the basis for conclusions related to the
capability of the system, structure and component to perform its intended
functions, as delineated in § 54.4(b); and



the applicant is unable to demonstrate that TLAAs “remain valid for the
period of extended operation” or that they “have been projected to the end of
the period of extended operation,” it must demonstrate that “the effects of
aging on the intended function(s) will be adequately managed for the period
of extended operation.” 10 C.F.R. 54.21(c)(1)(1)-(ii1).

NUREG-1801, Rev. 1, Generic Aging Lessons Learned (GALL)
Report (2005) (“NUREG-1801") also provides guidance for the preparation
of TLAAs.> NUREG-1801 advises that a license renewal applicant may
address “the effects of the coolant environment on component fatigue life by
assessing the impacts of the reactor coolant environment on a sample of

“critical components for the plant.” Id., Vol. 2 at X M-1. Examples of

critical components are identified in NUREG/CR-6260, Application of
NUREG/CR-5999 Interim Fatigue Curves to Selected Nuclear Power Plant
Components (1995). The sample of critical components “can be evaluated
by applying environmental life correction factors to the existing ASME
Code fatigue analyses.” NUREG-1801, Vol. 2 at X M-1. If these
components are found not to comply with the acceptance criteria (i.e., CUF
less than one), “corrective actions” must be taken that “include a review of
additional affected reactor coolant pressure boundary locations.” Id. at X M-
2. As explained further in industry guidance document MRP-47:

The locations evaluated in NUREG/CR-6260 [2] for the appropriate
vendor/vintage plant should be evaluated on a plant-unique basis. For
cases where acceptable fatigue results are demonstrated for these
locations for 60 years of plant operation including environmental
effects, additional evaluation or locations need not be considered.
However, plant-unique evaluations may show that some of the
NUREG/CR-6260 [2] locations do not remain within allowable limits
for 60 years of plant operation when environmental effects are
considered. In this situation, plant specific evaluations should expand

(6) Are contained or incorporated by reference in the CLB [current licensing
basis].

2 NUREG-1801 is referenced with approval in Regulatory Guide 1.188, Rev. 1,
Standard Format and Content for Applications to Renew Nuclear Power Plant Operating

~ Licenses (2005) (“Reg. Guide 1.188”).



the sampling of locations accordingly to include other locations where
high usage factors might be a concern.”

II. ENTERGY’S CUFen ANALYSES

A. Brief History

The VYNPS License Renewal Application (LRA) Table 4.3-3
summarizes Entergy’s evaluation of effects of reactor water environment on
the fatigue life of nine components for the period of extended operations.
The components selected correspond to the limiting locations identified in
NUREG/CR-6260.* LRA Table 4.3-3 states that the environmentally
corrected Cumulative Usage Factor (CUFen) of the following risk-
significant reactor components will exceed unity: feedwater nozzle, RR inlet
nozzle, RR outlet nozzle, RR piping tee, core spray nozzles, core spray safe
end, and feedwater piping.

To address this problem, Entergy chose to “refin[e] the fatigue
analyses to lower the predicted CUFs to less than 1.0.”> Entergy’s
refinement of its CUFen analysis proceeded in two steps: (1) an initial -
reanalysis involving, in part, the use of a simplified Green’s function method
to calculate stress loads during plant transient operations; and (2) a
“confirmatory” reanalysis of only the feedwater nozzle that did not involve
use of the simplified Green’s function method. I have reviewed the reports
of both Entergy’s initial CUFen reanalysis, and its “confirmatory” reanalysis
of the feedwater nozzle that Entergy produced to NEC. °

The five elements of Entergy’s initial reanalysis included:

3 MRP-47, Revision 1, Electric Power Research Institute, Materials Reliability Program:
Guidelines for Addressing Fatigue Environmental Effects in a License Renewal
Application at 3-4 (2005).

% Safety Evaluation Report Related to the License Renewal of Vermont Yankee Nuclear
Power Station (February 2008)(“FSER”), NRC Staff Exh 01 at 4-32.

>LRA at 4.3-7.

% These reports are submitted in this proceeding as Exhibits NEC-JH 04 - NEC-JH_21.



1. Development of a finite element model

2. Development of heat transfer coefficients

3. Development of Green Functions

4. Development of thermal transient definitions
5. Performance of Stress and Fatigue Analysis.

Entergy reported the results of its initial reanalysis in the Table 1,
reproduced below:

TABLE 1
VYNPS Cumulative Usage Factors for
NUREG/CR-6260 Limiting Locations’

Material Overall” :
_ Environmental | Environmentally
NUREG-6260 Location Multiplier (F.,) | Adjusted CUF-

1_| RPV vessel shell/ bottom head Low alloy steel | .. 9.51 . 0.08
2 | RPV shell at shroud support Low alloy steel 9.51 0.74
3 | Feedwater nozzle forging blend radius | Low alloy steel 10.05 0.64
4 | RR Class 1 piping {return tee) Stainless steel 12.62 0.74
5 | RRinlet nozzle forging Low alloy steel 7.74 . 0.50
6 | RAR inlet nozzle safe end Stainless steel . 11.64 0.02
7 | BR outlet nozzle forging ’ _Low alloy steel 7.74 0.08
8 | Core spray nozzle forging blend radius' { Low alloy steel 10.05 00432 0.1668 .
9 | Feedwater piping riser to RPV nozzle Carbon steel 1.74 0.29

* Effective multiplier for past and projected operating history, power level, and water chemistry. -

The NRC Staff rejected Entergy’s initial CUFen reanalysis. As
reported in the FSER, Entergy and the NRC Staff “were unable to resolve
the issues raised [with respect to Entergy’s use of Green’s functions to
calculate stress loads].”® The NRC Staff therefore requested that Entergy
perform, and Entergy did perform, the additional “confirmatory” CUFen
analysis of the feedwater nozzle, using the ASME Code Section III,
Subsection NB-3200 methodology to calculate the stress intensities “without
referencing Green’s function.” "

7 Exhibit NEC-JH_35 at Attachment 2.
8 FSER, NRC Staff Exhibit 01 at 4-40.

® FSER, NRC Staff Exhibit 01at 4-41; See also, Exhibit NEC-JH_22 (Summary of
Meeting Held on January 8, 2008, Between the U.S. Nuclear Regulatory Commission
Staff and Entergy Nuclear Operations, Inc. Representatives to Discuss the Response to a
Request for Additional Information Pertaining to the Vermont Yankee Nuclear Power
Station License Renewal Application).



At the February 7, 2008 meeting of the ACRS, which I attended, the
NRC Staff informed the ACRS that it was satisfied with the CUFen
calculations based on Entergy’s then-reported “confirmatory” results for the
feedwater nozzle. As reported in the FSER, however, during a subsequent
February 14, 2008 audit of Entergy’s confirmatory analysis, the NRC Staff
requested that Entergy recalculate the feedwater nozzle CUFen yet again,
substituting a different Fen value. Specifically, NRC Staff requested use of
“the maximum Fen value used in [Entergy’s] previous analyses,” rather than
“different, but appropriate” Fen values Entergy had used in its
“confirmatory” analysis."

The following Table 2 summarizes how Entergy’s reported CUFen
values for the feedwater nozzle have changed with each iteration of its

analysis.

Table 2- CUF en Calculations For the Feedwater Nozzle

REFERENCE CUF Fen CUFen
License Renewal Application 0.750 3.81 2.86
Table 4.3-3
Entergy Initial CUFen Reanalysis 0.0636 10.05 0.6392

Using Simplified Green’s Function.
NEC Exhibit JH 18 at 3-18, Table 3-

10.

Entergy “Confirmatory” CUFen 0.0889 3.97 0.3531
Reanalysis. -

NEC Exhibit JH 21 at 7, Table 1.

Adjusted “Conﬁrmatory” Reanalysis 0.8930

result verbally provided during
February 14, 2008 NRC Staff audit of
Entergy’s “Confirmatory” Reanalysis.
FSER, NRC Staff Exhibit 1 at 4-42.

A comparison of Entergy’s result using the simplified Green’s
function method, 0.639, with its “confirmatory” result, ultimately 0.8930 as
recalculated February 14, 2008, demonstrates that the simplified Green’s

~ I0FSER, NRC Staff Exhibit 01 at 4-42.



function method underestimates CUF by about 40%. As reported in the
FSER, the NRC Staff therefore concluded that “the results of the Green’s
function application using the specific software could underestimate CUF,
and therefore cannot be the analysis of record.”'’

- The NRC Staff has designated Entergy’s “confirmatory” analysis the
“analysis of record” for the feedwater nozzle.'> The NRC Staff has also
recommended a license condition that would require Entergy to perform the
“confirmatory” analysis for the spray (CS) and recirculation (RR) nozzles no
later than two years before the start of the life extension period."

The NRC Staff is now revisiting the sufficiency of environmentally-
assisted fatigue analyses based on the simplified Green’s function method,
which the NRC had previously accepted in support of license renewal for
plants other than Vermont Yankee. On April 18, 2008, the NRC Staff issued
a Regulatory Issue Summary (“RIS”), requesting that “license renewal
applicants that have used this simplified Green’s function methodology
perform confirmatory analyses to demonstrate that the simplified Green’s
function analyses provide acceptable results.”'* This RIS also states: “For
plants with renewed licenses, the staff is considering additional regulatory
actions if the simplified Green’s function methodology was used.”” On
April 3, 2008, the NRC Staff issued a Notification of Information in Docket
No. 50-219-LR (License Renewal for Oyster Creek Nuclear Generating
Station), stating that it will require “confirmatory” fatigue analyses due to
Opyster Creek’s reliance on the simplified Green’s function method. '

"1d. at 4-43.

121d. at 4-43.

B1d.

" Exhibit NEC-JH-23 at 2.
Bd.

'® Exhibit NEC-JH_24.



II1. ASSESSMENT OF ENTERGYs
CUFen REANALYSES

The following discussion explains my assessment of both Entergy’s
initial and “confirmatory” CUFen reanalyses. Part A explains that Entergy
failed to produce information necessary to validate both analyses. Part B
lists key assumptions underlying both analyses. Part C explains why, as a
results of Entergy’s key assumptions, both analyses underestimated CUFen,
and overestimated expected fatigue life. Part D discusses the significance of
Entergy’s failure to perform an error analysis. Part E explains why the
“confirmatory” analysis of the feedwater nozzle does not bound the analysis
for other components.

A. Incomplete Information

The materials Entergy has produced to NEC in the ASLB proceeding
do not include all the information necessary to establish the validity of
Entergy’s CUFen reanalyses, initial or “confirmatory.” Specifically,
Entergy has not provided:

1. Adequate layout drawings of the plant piping. Based on the
information provided, I cannot determine how the connecting pipes are
oriented with respect to the nozzles; how many diameters the pipe is straight
upstream of each nozzle; or whether there are any discontinuities, such as
~ welds, upstream of the nozzle. '7 This information is necessary to validate

the assumption of uniform heat transfer distribution.

2. A complete description of the methods or models used to
determine velocities and temperatures during transients. For example, the
following discussion appears in the Structural Integrity Associates, Inc.
(“SIA”) report of Entergy’s initial CUFen reanalysis, VY-16Q-307:

The internal heat transfer coefficient h for the transients with
- flow occurring in the pipe is calculated based on the followmg
relation for forced convection:

'7 Exhibit NEC-JH_25 is illustrative of the layout drawings Entergy produced to NEC.



h=0.023 Re 2 Pr ™ /D

Where Re = Reynolds number
Pr = Prandtl number
k = Thermal conductivity
D = Pipe diameter

The heat transfer coefficients were calculated by PIPESTRESS
using the above relation. The flow rates described for each
transient in Section 3 were used. For the transients where flow
is stopped, the natural convection heat transfer coefficient was
used. The formula for h is:

h=0.55 (Gr Pr) **° k/L

Where Gr = Grashof Number
L = Pipe diameter

PIPESTRESS only has the forced convection heat transfer
formula built in, so an equivalent flow rate was determined that
would give the same heat transfer coefficient as the free
convection coefficient.'®

I cannot determine, based on this discussion, how this was done when the
flow goes to zero. I discuss this issue in more detail in Part ITI(C)(2) of this
report.

B. Entergy’s Assumptions

Both Entergy’s Initial and “Confirmatory” CUFen Reanalyses
incorporated the following assumptions:

1. The environmental correction factor, Fen, depends only on the -
temperature, the dissolved oxygen, the sulphur content and the strain

rate.

18 Exhibit NEC-JH_10 at 12-13 (emphasis added).



2. With respect to determination of the heat transfer coefficients in all
three nozzles:

a. Nozzle entrance and exit effects can be neglected
b. Water properties do not change with temperature
c. Uniform circumferentially.

3. The base metal under the cladding at the feedwater blend radius has
no cracks.

4. The number of transients will increase linearly with time during the
life extension period.'” It was assumed that the 40-year CUF's can be
multiplied by 1.5 to project those values to the end of the 60 year
extended period.

5. The oxygen at the surface of any component can be evaluated based
on plant records, using the EPRI -BWRVIA computer code.

: Entergy’s Initial CUFen Reanalysis also included the following
additional assumption:

6. Green’s functions can be used as a substitute for the ASME Code
Section I, Subsection NB-3200 method.

C. Assessment of Assumptions

Entergy’s above-stated assumptions resulted in the underestimation of
CUFen, and the overestimation of expected fatigue life, for the following
reasons. '

1. Environmental Correction Factor, Fen

Entergy calculated the Fen paraméters based on outdated Argonne
National Laboratory (ANL) statistical equations stated in NUREG/CR 6583

and NUREG/CR 5704 (“the NUREG equations”), which were derived more

19 Exhibit NEC-J H_18 at 3-18, note 2 (CUF results based on “actual cycles accumulated
to-date and projected to 60 years.”).

10



than nine years ago.zo In February 2007, ANL updated the previous data
and published its results in NUREG/CR-6909.>' The revised ANL
equations are based on a much larger database and the limits of their
applicability is more clearly stated.

‘The developer of the revised ANL equations, O. Chopra, stated to the

~ACRS:

To apply the laboratory data to actual reactor components, we
need to adjust these results to account for parameters or
variables which we know affect fatigue life but are not included
in this data. And these variables are mean stress, surface
finish, size, and loading history.22

This same caveat is repeated in NUREG/CR-6909. To account for
uncertainties, the NUREG report states:

“Under certain environmental and loading conditions, fatigue
lives in water relative to those in air can be a factor of =12 lower
for austenitic stainless steels, =3 lower for Ni-Cr-Fe alloys, and
~17 lower for carbon and low-alloy steels.”

NUREG/CR-6909 at 62.%

Entergy did not provide any data on the surface roughness of the
components it evaluated. The ANL equations were developed using a crack
free, smooth specimen. In comparison to a smooth surface, a rough surface
would reduce the fatigue life by a factor of 3.** Since most of the
components Entergy evaluated were fabricated from carbon or low alloy
steel, they are susceptible to flow accelerated corrosion, FAC, which
characteristically increases surface roughness. In the case of the VY

20 Exhibit NEC-JH_18 at 3-1.
2! Exhibit NEC-JH_26.

22 Exhibit NEC-JH_27 at 22.
3 Exhibit NEC-JH_26 at 62.

> Exhibit NEC-JH_26 at 14.

11



feedwater nozzle, the existence of surface cracks at the blend radius both in
the clad and the base metal is another factor that must be considered (see
Comment 3 below). '

Because of the above uncertainties, I believe that it is appropriate to
use a factor of 17, at a minimum, to correct the CUFs for environmental

effects.

At the February 7, 2008 ACRS meeting, which I attended, in response
to an ACRS member question as to why Entergy is allowed to use old
fatigue data, the NRC staff stated only that it has traditionally used the old
data in approving LRAs and did not want to change the procedures at this
time.”> The Staff stated that the new data will apply to new reactor
applications.”® It would appear that it would be equally important, if not
more important, to apply the new data to a 40 year reactor.

2. Heat Transfer

Entergy used the following heat transfer equations to calculate the
thermal stress for each transient:

1. h=0.023 (Re)® (Pr)* k/D*

2. h = 0.55(GrPr)® k/L

3. h= 0.555‘ ( R(R-Rs)gk’hg,/(ud del T))*  (R=rho, u =mu)”
Equation 1 is applicable only to a fully developed turbulent flow,

constant fluid properties in pipes. The flow in all three nozzles is not the
same as in a straight pipe because the nozzle is relatively short and it

5 Exhibit NEC-JH_28 at 96-97.

20 1d. |

27 Exhibit NEC-JH_04 at 11, Table 4.
28 Exhibit NEC-JH_14 at 14.

%% Exhibit NEC-JH_19 at 7.

12



contains discontinuities. It is difficult to see how the flow could be fully
developed, especially at the exit from the nozzle at the blend radius area
(Region 6).° Nevertheless, depending on the Reynolds number and the
distance from the inlet to the nozzle, the heat transfer can be either above or
below the value specified by Equation 1. Plots for calculating the heat
transfer at the entrance section of pipes can be found on page 212 of
Reference 2.>! Equation 1 also must be corrected by the ratio of the
viscosities evaluated at the bulk and wall temperatures during each transient.
Page 212 of Reference 2 also provides such a correction.”

To justify the use of the axixsymetrical model, Entergy must first
show that the flow upstream of each nozzle is fully developed at the entrance
to the nozzle and its main axis coincides with the axis of

the nozzle. As shown in Reference 3 and the above sketch, the velocity
distribution in the nozzle will vary circumferentially.”> Such flow
distribution would lead to circumferentially varying wall temperature and
different stress distribution than would be predicted by an axixsymetrical

model. '

To my knowledge, Entergy has not provided to NEC the complete
piping layout as it exists now in the plant. Unless special precautions were

3% See, Exhibit NEC-JH_04 at 16.
31 Exhibit NEC-JH_29.
21d.

33 Exhibit NEC-JH_30.

13



taken during installation, one must assume that the connecting pipe is at .
some angle with respect to the nozzle and therefore the axixsymetrical
assumption is not valid.

Equation 2 is used to calculate average heat transfer coefficients when
the flow is driven by gravitational forces. This equation is not appropriate

for applications where one is required to determine local stress distributions -

along the pipe and not average stress distributions.

_ Equation 2 does not apply because, for some transients, the forced
convection internal flow in pipes stops, and the flow becomes driven by
gravity forces.” Based on physical considerations, the flow does not just

- suddenly go from forced convection to natural convection, but it rather goes
through a mixed forced/free convection region. In the free convection
region, the flow is driven by gravity forces and its fundamental characteristic
is commonly described by a flow down a vertical plate where both the
velocity and the heat transfer coefficient vary with the height of the plate.
The natural convection flow inside a pipe is more complex and’is based on
empirical correlations of the average heat transfer coefficient such as given
in Equation 2 for laminar flow. This equation does not describe the
variation in the heat transfer coefficient, and the stresses, along the pipe.

The following statement quoted from one report of Entergy’s initial
CUFen reanalysis demonstrates that Entergy ignored the inherently local
feature of natural convection: '

PIPESTRESS only has the forced convection heat transfer
formula built in, so an equivalent flow rate was determined that
would give the same forced convection heat transfer coefficient
as the free convection heat transfer coefficient.”

Such a procedure is appropriate for the determination of overall heat
balances but not for the determination of stress distributions.

In my opinion, the stress analysis should not be dictated by what is available
in a given computer program; it should be driven by the nature of the
problem.

** Exhibit NEC-JH_14 at 14.

3 14.

14



Equation 3 is an empirical equation for the average heat transfer
coefficient during condensation of refrigerants at low laminar velocities. For
higher flow rates, a different equation must be used. Entergy did not specify
that the flow in the nozzle was laminar. More importantly, to calculate the
temperature distribution in the nozzle, one must use local heat transfer
coefficients, not average values. Average heat transfer coefficients can only
be used to calculate overall heat balances, not local temperatures.

Entergy’s CUFen results are based on the assumption that the stresses
are axixsymetric in all nozzles. As shown on page 26 of SIA report VY-
16Q-310, the stress in a given nozzle is very sensitive to the heat transfer
coefficient.*® Throughout its analyses, Entergy used location-independent
heat transfer coefficients, which is inappropriate, as I have explained in the
above discussion.

3. Base Metal Cracks

In the late 1970s, the feedwater nozzles of most BWR plants
developed cracks due to high cycle fatigue because of differences in the
thermal properties of the cladding and the base metal. The cladding was
removed from most BWR plants, with the exception of Vermont Yankee and
a few others. NUREG-0609. In the Millstone 1 plant, some cracks
penetrated to 1/3’ at the blend radius area. Because the cladding is 5/16”
thick and high cycle fatigue cracks propagate to depths of about ¥4” or more,
the base metal may contain cracks, especially after 40 years of service. Id.
In RAI 4.3-H-02, VY admitted that the cladding may contain cracks,’’ but
has not provided any data to indicate that these cracks did not penetrate the
base metal. They did, however, admit to the possibility that such cracks will
penetrate the base metal. The 2001 inspection of the feedwater nozzles only
indicates that the results were “acceptable”.’® Since Ultrasonic Inspection,
UT, measures only the total length of a crack and, based on the VY drawings
Entergy has produced, the exact thickness of the clad is not known,>

3% Exhibit NEC-JH_13 at 26.
37 Exhibit NEC-JH_32.
3% Exhibit NEC-JH_33 at 4.

3% Exhibit NEC-JH_25.

15



Entergy has not provided any proof that the base metal is not cracked. One
therefore must assume that the base metal is cracked and account for these
cracks in the ASME Code analysis. The ASME Section I1I, NB 3122.3 does
not require Entergy to include the cladding in the structural analysis because
the cladding is less than 10% of wall thickness. When, however, subsurface
cracks are known to exist, they can not be ignored in the ASME Code
analysis, and must be included together with the cladding.

4. Number of Transients

Entergy’s apparent assumption that the number of transients the plant
would experience varies linearly with time must be challenged. The failure
frequency of pressure vessels (and mechanical and electrical components) is
statistically very high later in life due to aging of the plant. The recent
VYNPS 20% power uprate introduced new stresses on already aging
components, and will likely increase the number of unanticipated transients,
as demonstrated by the August, 2007 collapse of the VYNPS cooling tower
and plant shutdown due to a steam valve failure. VYNPS experienced two
unanticipated transients within 10 days in late August 2007. Based on this
experience and the assumption of linearity, one could predict 912 transients
during the next 25 years. The above extreme case illustrates that Entergy
must consider a more conservative number of transients than predicted by
the linear formula to project the number of transients during the extended
period of operation. '

Entergy provided no justification for selecting a non-conservative
factor for projecting the number of transients. In my opinion, the number of
transients proposed by Entergy should be at a minimum multiplied by 1.2 to
account for the probability of an increase in unanticipated failures due to the

20% power uprate.

5. Oxygeh

Even though the Fen varies exponentially with oxygen concentration,
Entergy did not discuss the reasons for not including unanticipated changes
in water chemistry (oxygen excursions) during the extended period. Nor did
they explain how the chemistry data from the feedwater line or the

16



electrochemical potential measurements relate to the oxygen concentration
at the component surface during transients.

Only in February 2008, in response to an NRC Staff request for
information concerning how Entergy’s CUFen analysis accounted for water
chemistry effects, Energy stated for the first time that the EPRI -BWRVIA
computer code was used at VY to assess the oxygen concentration at the
surface of a given component.* '

NRC requires that analytical codes be assessed and benchmarked
against measured plant data. Safety Evaluation by the Office of Nuclear
Reactor Regulation Related to Amendment No. 229 to Facility Operating
License No. DPR-28, Entergy Nuclear Vermont Yankee, LLC and Entergy
Nuclear Operations, Inc., Vermont Yankee Nuclear Power Station, Docket
No. 50-271 § 2.8.7.1.* A code is only considered valid within the range in
which the data was provided.”> Entergy did not describe how the BWRVIA
code was benchmarked.

The oxygen concentration at the surface of any given component can
only be estimated by considering the kinetics of oxide buildup and
dissolution throughout the plant. Since Entergy has not described the
algorithm in the BWRVIA code, one must assume that the oxygen
concentrations that were used by Entergy to calculate the Fens contain
unknown errors.

6. Green’s Function

In its initial analysis, Entergy applied a simplified Green’s function

“method to calculate stresses for each transient, instead of using the ASME

Code, Section III, Subsection NB-3200 approach.” The Green’s function is
a powerful tool that, when properly applied, can considerably reduce the
cost of the ASME code analysis, especially when the number of transients is

0 Exhibit NEC-JH_34 at Attachment 2.

1 Exhibit NEC-JH_ 35.
2 1d.

* See, e.g., Exhibit NEC-JH_04.
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very large. The Green’s function is also, however, an approximate
technique in comparison to the NB-3200 methodology, which may
introduce errors in the final calculations of the CUF.

As discussed in Part II(A) of this report, a comparison of Entergy’s
results using the simplified Green’s function method with the results of its
“confirmatory” analysis for the feedwater nozzle demonstrate that the
- Green’s function method underestimated CUF by about forty percent. For
this reason, also as discussed in Part II(A) of this report, the NRC Staff
rejected Entergy’s initial CUFen analysis.

D. Lack of Error Analysis.

To validate its analytical techniques, Entergy should have performed
an error analysis to show the admissible range for each variable. Based on
the reports of Entergy’s CUFen reanalyses produced to NEC,* it has not -
done so. The lack of error analysis is troubling. For example, Entergy
reported a CUFen of 0.74 for the RHR Class 1 piping (Table 1, above). In
light of the fact that data scatter in fatigue studies often exceeds an order of
magnitude, the value of 0.74 without an error band has little significance and
imparts little confidence that fatigue failure will not occur.

E. “Confirmatory” Analysis of Feedwater Nozzle

I have reviewed the reports produced to NEC of the additional

- “confirmatory” CUFen analysis of the feedwater nozzle that Entergy
conducted at the request of the NRC Staff.*> This analysis contains all of the
errors in calculation of both CUF and Fen values that I have discussed in
Part ITII(C) above, except that the simplified Green’s function method was
not used.

Even if it were valid, I do not agree that the “confirmatory” analysis
would bound the analysis for components other than the feedwater nozzle.
There are considerable differences in geometry, heat transfer characteristics,
and loadings between the feedwater and the other two nozzles. These

- differences could result in different stress distributions which would affect

* Exhibits NEC-JH_04 — NEC-JH_21.

%> Exhibits NEC-JH_19 — NEC-JH_21.
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the CUFs. Entergy did not discuss these differences; instead it only
provided the following vague and unscientific statement:

The analysis of the feedwater nozzle is bounding for the core
spray and recirculation outlet nozzles since the calculated usage
factors are at least 70% less than those for the feedwater nozzle
and the number and severity of thérmal transients are less.*

The statement that the feedwater nozzle results are bounding could
only be justified if Entergy had demonstrated an understanding of the
reasons for the differences in the CUFs obtained by the simplified Green’s
function analysis and those that were obtained by the more exact classical
ASME analysis. Entergy was not able to do so.

IV. HOPENFELD CUFen RECALCULATION

The CUFens calculated by Entergy, with and without the simplified
Green’s function method, contain error and they are unreliable. An
alternative to these calculations is to use the conservative CUFs as were _
originally provided in LRA and multiply them by the bounding values given
in NUREG/CR-6909. The results of this procedure are given below in
Table 3.

%6 Exhibit NEC-JH_35 at Attachment 1.
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TABLE 3 - Recalculated Cumulative Usage Factors for Sample Locations

at VYNPS
éNo. NUREG/CR-6260 Sample |CUF (VYNPS License Fen Recalculated CUFen
Location (License Renewal |Renewal Application, (Ref. 1) | :
~ Application, Table 4.3-3) | Table 4.3-3) . '
1 Vessel shell & bottom head 0.400 17 6.80
I2 éCore spray safe end 0.182 12 2.18
3 |Feed water nozzle 0.750 17 12.75
:4  'RHR return Piping 0.032 12 0.38
5 RRinlet nozzle 0.610 17 10.37
6 ' RR piping tee 0.397 12 4.76
7 RR outlet nozzle 0.810 17 13.77
'8 [ Core spray nozzle 0.625 17 - ‘ 10.62
9 | Feed water piping 0.427 17 7.26

V. SUMMARY

By introducing five key assumptions, excluding those connected with
use of the Green’s function methodology, Entergy purports to show that the
CUFens for all NUREG/CR-6260 limiting locations are less than one. My
assessment demonstrates that Entergy ignored critical factors in making its
assumptions. When these assumptions are lifted and more appropriate and

- conservative assumptions are introduced, the CUFen for all but one of the
components exceeds unity.

-~ Entergy has not demonstrated that the predicted fatigue life of risk-
significant components at VY will meet the ASME criteria for safe operation
for the extended period of operation. Neither Entergy’s initial analysis nor
its “confirmatory” analysis demonstrate that CUFens for the components
listed in License Renewal Application 4.3-3 or NUREG/CR-6260 limiting
locations are less than one. It is my opinion that acceptance of Entergy’s
results will lead to an unjustified reduction in the scope of fatigue
monitoring at the Vermont Yankee plant.
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Entergy should be required to develop a valid methodology for
calculating CUFen; expand its fatigue analysis to components in addition to
the NUREG/CR-6260 locations if a valid CUFen analysis indicates that
CUFen for any NUREG/CR-6260 location will exceed unity; and formulate
a meaningful plan to properly inspect and maintain all components which
are susceptible to fatigue.
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VII. GLOSSARY OF TERMS
Cumulative Usage Factor (CUF) — A summation of usage fatigue factors.

Fatigue -- An age-related degradation mechanism caused by cyclic stressing
of a component by either mechanical or thermal stresses that eventually
cause the component to crack

Feedwater Nozzle- A short pipe welded to the reactor vessel through which
feedwater enters the vessel.

Fen — An environmental correction factor used to account for differences
between fatigue in water and fatigue in air, defined as the ratio of the fatigue
life in air at room temperature to that in water at the service temperature.

Green’s Function — A simplified numerical technique for thermal stress
calculations.

Laminar Flow — Sometimes known as streamline flow, it occurs when a fluid
flows in parallel layers, with no disruption between layers.

Recirculation Nozzle - A short pipe welded to the reactor vessel through
which water flow either in or out of the jet pump.

Spray Nozzle — A nozzle on top of the vessel used to cool the core in case of
an accident.

Transient — Plant response to a change in power level.

Turbulent Flow — Fluid (gas or liquid) flow in which the fluid undergoes
irregular fluctuations or mixing, in contrast to laminar flow, in which the
fluid moves in smooth paths or layers. In turbulent flow, the speed of the
fluid at a point is continuously undergoing changes in both magnitude and
direction.

Usage Fatigue Factor -- The number of cycles n at any given stress
amplitude divided by the corresponding number of cycles to end of life, N.
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10 OBJECTIVE

The objective of this calculation is to cofnpﬁte the pressufe stresses, thermal stresses, and the Green’s
Functions for high (100%), mid (40%), and low (25%) flow thermal loading of the Vermont Yankee

Nuclear. Power Statlon feedwater nozzle.

2.0 FEEDWATER NOZZLE MODEL

An ax1symmetr1c finite element model of the feedwater nozzle was developed in Reference [1] using
ANSYS [2]. The geometry used in Reference [1] was utilized in this calculation. The material
properties are taken at an average temperature of 300°F. This average temperature is based on a
thermal shock of 500°F to 100°F which will be applied to the FE model for Green’s Function
development. Table 1 listed the material properties at 300°F. The meshed model is shown in Figure

I

3.0 APPLIED LOADS

Both pressure and thermal loads will be applied to the finite element model.

3.1 Pressure Load

A uniform pressure of 1000 psi was applied along the inside surface of the feedwater nozzle and the
vessel wall. A pressure load of 1000 psi was used because it is easily scaled up or down to account
for different pressures that occur during transients. In addition, a cap load was applied to the piping
at the end of the nozzle. Since only nodes were modeled, the nodal forces shown in Table 2 are

_ deﬁned by the following equation:

2 _ ‘2 .
| E element 7%%—%2))

= 7r(1R) P

where: : :
P = Pressure = 1,000 psi
IR Inner Radius = 4.8345 in
OR = Outer Radius = 5.42 in
R Inside Radius of element that node is attached to
R, = Outside Radius of element that node is attached to
Frode = The average of the element forces on either side of the node. .
Note: The force on the innermost and outermost nodes is calculated as one half of the
force on the element that they are attached to. '

The calculated nodal forces were applied as positive values so they would exert tension on the end
of the model. The ANSYS mput file FWP_VY.INP, in the computer ﬁles .contains the feedwater
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nozzle geometry as well as the pressure loading. Figures 2, 3, and 4 show the internal pressure
distribution, cap load, and symmetry condition applied to the vessel end of the model, respectively.

3.2  Thermal Load

Thermal loads are applied to the feedwater nozzle model. The heat transfer coefficients after power
uprate were determined from Reference [1]. These values were determined for various regions of
the finite element model for 100% (4,590 GPM), and 25% (1,148 GPM) [1]. The annulus leakage

" flow rate is assumed to be 25 GPM for non-EPU conditions and 31 GPM for EPU conditions. The
25 GPM value is calculated by scaling the 23 GPM [Page 6, 4] value up by approximately 9%. The
23 GPM value is scaled up to provide some conservatism and allow for inaccuracies in the '
determination of leakage flow. The 31 GPM value is calculated by multiplying the 25 GPM value
by 1.25 [Page 6, 4]. Based on this, the annulus leakage flow rate is assumed to be 8 GPM for EPU .
conditions with 25% flow rate. The temperatures used are based upon a thermal shock from S00°F
to 100°F. An additional 40% flow rate (1836 GPM and 13 GPM) was added in this calculation.

32.1 HeatT ransfer Coefficients
Referring to Figure 5, heat transfer coefficients were applied as following:

~ Region 1
The heat transfer coefficient, h; for 100% flow is 3705 BTU/hr-f-°F at 300°F. [1, Table 5]
- The heat transfer coefﬁcient, h, for 40% flow is 1780 BTU/hr-ft*-°F af 300°F. [Table 4]
| The heat transfer co’efﬁcient,lh, for 25% flow is 1222.2 BTU/hr—ft?-°F at 300°F. [1, Table 4]
Regionb 2
~ Per Reference [1], the heat transfer coefficient for Region 2 (safe end-to-thermal éleeve

contact region) should be linearly transitioned from the value of the heat transfer coefficient
used in Region 1 to the value used in Region 3. ’

. Region 3
The heat transfer coefficient, h, for 100% flow is 1489 BTU/hr-f>~°F at 300°F. [1, Table 9]

‘The heat transfer coefficient, h, for 40% flow is 743 BTU/hr-f*-°F at 300°F. [1, Table 9] .

The heat transfer coefficient, h, for 25% flow is 504 BTU/hr-ft*-°F at 300°F. [1, Table 9]

Region 4
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Per Reference [1], the he heat transfer coefficient for Region 4 (thermal sleeve transition in
diameter) should be linearly transitioned from the value of the heat transfer coefficient used

in Region 3 to the value used in Region 5.

- Region 5

The heat transfer eoefﬁcient; h, for 100% flow is 177.4 BTU/hr-ft>-°F at 300°F. [1, Table 16]

. The heat transfer coefficient, h, for 40% flow is 88 5 BTU/hr-ﬁ2-°F at 300°F {1, TabIe 16]

The heat transfer coefﬁcrent h, for 25% flow is 60 BTU/hr—ft2 °F at 300°F. [1 Table 16]

Reglon 6

Per Reference [1], the heat transfer coefficient for Region 6 (nozzle inner blend radius) -
should be linearly transitioned from the value of the heat transfer coefficient used in Region
5 to the value used in Region 7.

Region 7

“Per Reference [1], the heat transfer coefficient for Region 7 (reactor vessel inside wall) is &

constant of 864 BTU/hr-ft*-°F. This value is consistent with the feedwater nozzle work -

- performed in the past for VY and should be used for all reactor conditions.

Region 8

The heat transfer coefficient, h, is 0.2 BTU/hr-ft*- °F [ 1]

3 2.2 Boundary Fluid T, emperatures

For the Green’s Functions, a 500°F — 100°F thermal shock is run to determine the stress response to

* a one-degree change in temperature. The following temperatures are valid when there is water
flow. Values between defined pomts are linearly interpolated. For the 100%, 40%, and 25% ﬂow
cases, the thermal shock is run as follows:

Regions 1to 5 .

T = 500°F — 100°F
Region 6 : ‘
Linearly transitioned from the value of the temperature used in Region 5 to the value

used in Region 7
Region 7

T = 500°F

Region §
T=120°F
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40 THERMAL AND PRESSURE LOAD RESULTS

The three flow dependent thermal load cases outlined in Section 3.0 were run on the finite element
model. Appendix A contains the thermal transient input files FWT VY 100.INP, ._
FWT_VY _40.INP, and FWT_VY_25.INP for 100%, 40%, and 25% full flow rate, respectively.
The three flow dependent input files for the stress runs are also included in Appendix A. The stress
filenames are FWS_VY_100.INP, FWS_VY_40.INP, and FWS_VY_25.INP for 100%, 40%, and -
25% full flow rate, respectively. ' ‘

The critiéal safe end location was chosen as node 192, which has the highest stress intehsity due ’.;o‘
thermal loading under high flow conditions. As shown in Figures 6 and 7, Node 192 is located on
the inside diameter of the nozzle safe end of the model and the maximum stress occurs at 1.4

~ seconds.

- The critical blend radius location was chosen, based upon the highest pressure stress.

Conservatively assuming the cladding has cracked, the critical location is selected as node 657 at

- base metal of the nozzle, as shown in Figures 8 and 9.

The stress intensity for use in the Green’s functions are calculated from the component stresses (X,
Y, and Z) and compared to the stress intensity reported by ANSYS. As seen in Figure 10, the Z-X
calculated total stress intensity best matches the ANSYS reported stress intensity for 100% flow at
the safe end. Therefore, the Z-X stress will be used for the total and membrane plus bending
Green’s functions for all flow rates for the safe end. As seen in Figure 11, the Z-X calculated total
stress intensity best matches the ANSYS reported stress intensity for 100% flow at the blend radius
in very beginning. Therefore, the Z-X stress will be used. for the total and membrane plus bending
Green’s functions for all flow rates for the blend radius.

The stress time histdry_for the critical paths was extracted during the stress run for 100% flow rate.
This produced two files, HFSE.OUT and HFBLEND.OUT, which contain the thermal stress history.
The membrane plus bending stresses and total stresses for the Green’s Functions were extracted.

from these files to produce the files HFSE_Inside.RED and HFBLEND Inside.RED, where SE and
- BLEND corresponded to the safe end and blend radius locations, respectively.

The stress time history for the critical paths was extracted during. the stress run for 40% flow rate.
This produced two files, MFSE.OUT and MFBLEND.OUT, which contain the thermal stress

" history. The membrane plus bending stresses and total stresses for the Green’s Functions were

extracted from these files to produce the files MEFSE_Inside.RED and MFBLEND _Inside.RED,
where SE and BLEND corresponded to the safe end and blend radius locations, respectively.

The stress time history for the critical paths was extracted during the stress run for 25% flow rate.
This produced two files, LFSE.OUT and LFBLEND.OUT, which contain the thermal stress history.
The membrane plus bending stresses and total stresses for the Green’s Functions were extracted
from these files to produce the files LFSE Inside.RED and LFBLEND Inside.RED, where SE and
BLEND corresponded to the safe end-and blend radius locations, respectively.
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As the models were run with a 400°F step change in temperature, and the Green’s Functions are for
‘a 1°F step change in temperature, all data values were divided by 400. The governing Green’s

" Furictions for the feedwater nozzle during 100% flow, 40% flow, and 25% flow are shown in
Figures 12to 23. The data for the Green’s Functions is included in the files HFBR_M+B-Green. xls
HFBR_T-Green.xls, HFSE_M+B-Green xls, HFSE_T-Green.xls, MFBR_M+B-Green.xls,
MFBR_T-Green.xls, MFSE_M+B-Green.xls, MFSE_T-Green.xls, LFBR_M+B-Green.xls,
LFBR_T-Green.xls,LFSE _M+B-Green.xls, and LFSE_T-Green.xls in the project Files. Where HF,
MF, and LF corresponded to 100% flow, 40% flow, and 25% flow rate, respectively. M+B and T
corresponded to membrane plus bending stress and total stress, respectively.

The pressure stress intensities for the path were . extracted during the pressure run.” The pressure
" stresses were extracted along the nodal paths as shown in Figures 7 and 9. This produced two files,
" PSE.OUT and PBLEND.OUT for the safe end and blend radius locations, respectively.

For the pressure loading specified (1,000 psig), the total stress intensity at Node 192 and Node 657
were determined to be 8,891 psi and 28,300 psi, respectively. The membrane plus bending stress.
intensity at Node 192 and Node 657 were determined to be 8,693 and 27,490 psi, respectlvely '

Table 3 shows the pressure results:

Results were also extracted from the vessel portion of the model to verify the accuracy of the
_ pressure results obtained from the ANSYS model, and to check the results due to the use of the 1.5
~ multiplier on the vessel radius. These results are contained in the file, PVESS.OUT. Based on
earlier work [1], the radius of the finite element model (FEM) was multiplied by a factor of 1.5 to
account for the fact that the vessel portion of the two-dimensional (2D) axisymmetric model is a
sphere, but the true geometry is the intersection of two cylinders.

The equation for the membrane hoop stress for a sphere is:

( pressure) X (radtus)
2 x thlckness

- Considering a vessel base metal radius, R, of 105.90625 inches increased by a factor of 1.5, a vessel .
base metal thickness, t, of 5.4375 inches, and an applied pressure, P, of 1,000 psi, the calculated
stress for a sphere is PR/(2t) = 14,608 psi. This compares very well with the remote vessel wall
membrane hoop stress from the ANSYS result file, PVESS.OUT, of 13,410 psi.  Thus, considering

~ the peak total pressure stress of 28,300 psi.reported above, the stress concentrating effect of the

‘nozzle corner is 28,300/14,608 = 1.94. In other words, the peak nozzle corner stress is 1.94 times
higher than nominal vessel wall stress for the 2D axisymmetric model.

The equation for the membrane hoop stress in a cylinder is:

( pressure) x (radius)
thickness
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~

Based on the previous dimensions, the calculated stress for a cylinder without the 1.5 factor is
19,477 psi. Increasing this by a factor of 1.94 yields an expected peak nozzle corner stress of
37,785 psi, which would be expected from a cylindrical geometry that is representative of the nozzle
configuration. Therefore, the result from the ANSYS file for the peak nozzle corner stress (28,300
psi) is lower than the peak nozzle corner stress for a cylindrical geometry because of the use of the
'1.5 multiplier. This is consistent with SI’s experience where a factor of two increase in radius is
typical for representing the three-dimensional (3D) effect in a 2D axisymmetric model.

Based oh the foregoing, the ANSYS pressure stresses for the vessel blend radius are increased for
-use in the subsequent fatigue analysis by 1.33 (2.0/1.5). Thus, the blend radius results presented in
Table 3 were obtained by mulnplymg the ANSYS stresses for the pressure loadmg by al.33X

multiplication factor
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Table 1: Material Properties @ 300°F l
Instantaneous
Young’s Coefficient of Density, L. .o .. - Specific Heat, . .
Material . Moduluﬁs, Thermal P andul:: tvity, leﬁx;mty, < Po}l;ast?(r)l s I
Ident. Ex 10 Expansion, (Ib/in®) P : (BTU/lbm-°F)
(psi) ax 10° ssumedy | BTURRTE) | (@) o Note's) | (assumed)
(in/in-°F) '
‘'SAS533 Grade B, . . l
AS508 Class 1l 267 |. 13 0.283 234 0.401 0.119 03
(see Note 2) :
" $S Clad : o . . I
(se0 Note 3) 270 - 9.8 0.28.3‘ 9.8 0.160 0.125 (‘)‘.3
AS508 Class [ , '
(sc Note 4) o281 73 0.283 32.3 0.561 0.118 0.3 I
A106 Grade B . : ) : ) : :
(scoNoted) | 283 73 0.283 323 0.561 0.118 0.3
Notes _ : . l
1. The material properties applied in the analyses are taken from ASME Section II Part D 1998 Edition with ’
2000 Addenda. This is consistent with information provided in the Design Input Record (page 13 of VY EC .
No. 1773, SI File No. VY-16Q-209). The use of a later code edition than that used for the original design l
code is acceptable since later editions typically reflect more accurate material properties than was published
in prior Code editions. Material Properties are evaluated at 300°F from the 1998 ASME Code, 2000 Addenda, '
Section II, Part D, except for density and Poisson's ratio, which are assumed typlcal values [3].
- 2. Properties of A508 Class II are used (3/4Ni-1/2Mo- 1/3Cr-V).
3. Properties of 18Cr - 8Ni austenitic stainless steel are used.
4. Composition = C-Si. :
5. Calculated as [k/(pd)]/12°. l
Table 2: Nodal F orce Calculation for End Cap Load '
Node |Element| Radius | ARadius | RZ-R? | Femetment | Frode
Number | Number (in) (i) (in%) (Ib) (Ib) I
1 < 5.42 : ‘ 1 7678.0
1022 1 01171 1.25565 | 15356.1
2 . 5.3029 - ' 15188.4
- 1021 0.1171 | 1.22823 | 15020.7
3 - 5.1858 : 14853.0
- 1020 0.1171 1.20080 | 14685.3 '
4 5.0687 ' g 14617.6
' 1019 ’ 0.1171 1.17338| 14349.9
5 : 4.9516 | ' 14182.2 l
_ 1018 0.1171 1.14595 | 14014.5
6 ‘ 4.8345 7007.3 l
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: VTable 3: Pressure Results

Membrane Plus ’
\ ’ Location ~ | Bending Stress IItoet r?lsi trzasssi)
: Intensity (psi) yp
SafeEnd | 8693 - | . 8891
‘Blend Radius 36653 37733

Note: The results for the Blend Radius have been increased by a factor of 1.33 (2.0/1.5) as discussed in Section 4.0.

Table 4: Heat Transfer Coefficients for Region 1 (40% Flow)

Calculation of Heat Transfer Coefficients for Feedwater Nozzle Flow Path
o

inches = 0.806 ft 100% rated flow =
= . 0246 m

Pipe Inside Diameter, D =§;@§§

s

Flow, % of rated =; '
fsec = 18360 gpm= 0.793742524  Mibhr

Fluid Velocity, V = 8.
. Characteristic Length, L=D = 0.806 ft= 0.246 m
T - Teutace: AT = assumed to be 12% of fluid temperature = 8.40 12.00 24.00 136.00 48.00 60.00 7200 °F
Nota: The abovw assumption is based on experiencs with = 467 667 13.33 - _20.00 26.67 33.33 4000 °C .
past RPV heat transtor analyses. Value at Fluid Temperature, T (8] : Units
| Conversion 70 100 . 200 300 400 . 5§00 - 600 °F
Water Property Factor {5] 21.11 37.78 93.33 148.89 204.44 260.00 315.56 *C
k . -+ 1.7307 0.5997 0.6300 0.6784 10.6836 06611 0.6040 0.5071 Wim-*C
{Thermal Conductivity) 0.3465 0.3640 0.3920 0.3950 0.3820 0.3430 0.2930 Bturhr-ft-*F
C 4.1869 4.185 4.179. 4.229 4313 4.522 o 4.982 . 6.322 . kJikg-°C
(Specific Heat) 1,000 0.998 1.010 1.030 - 1.080 1.190 1.510 Btufibm-°F
p 16.018 997.1 994.7 962.7 9178 . 8586 784.9 679.2 kgim®
(Density) . 62.3 62.1 60.1 57.3 © 536 49.0 424 Ibm/t®
: B 18 1.89E-04 3.24€-04 6.66E-04 1.01€-03 1.40E-03 1.98E-03 3.15E-03 m’im’-C
(Volumetric Rate of Expansion) 1.05E-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1.10E-03 1.75E-03 e
g . 03048 © 9.806 .9.806 . 9.806 9.806 9806 - 9.806 9.806 - mis?
(Gravitational Constant) 32.17 32.17 3217 32.17 3217 32.17 32,17 ft/s?
n 1.4881 9.96E-04 6.82E£-04 3.076-04 1.93E-04 *1.38€-04 1.04€-04 8.62E-05 kgfm-s
(Dynamic Viscosity) 6.69E-04 4.58E-04 2.06E-04 1,30E-04 9.30E-05 7.00E-05 5.79E-05 lbm/it-s
(s . 6.980 4.510 1.910 1.220 0.950 0.859 1.070 —
(Prandtl Number) i - .
Calculated P: Formula 70 100 200 300 400 500 600 - °F
Reynold's Number, Re pVDIn 6.0147E+05 'B.7645€+05 1.8859E+06 2.8491E+06  3.7255E+06 4.5248E+06 4.7336E+G6 S -
Grashof Number, Gr gpATL (o)’ 1.2852E+08 6.6834E+08 1.2721E+10 6.5918E+10  2.0931E+11 5.4429E+11 1.1372E+12 —
Rayleigh Number, Ra GrPr B8.9710E+08  3.0142E+09  2.4297E+10  8.0420E+10 - 1.9885E+11 4.6755E+11 1.2168E+12 T
From [5] i R
Inside Surface Forced Convection Heat Transfer Coefficient:
Howes = 0.023Re®*P™ D Wim-"C
: Btuhr-te-F
Btulsec-in*-°F
From [5]: .
Inside Surface Natural Convection Heat Transfer Coefficient: -
Case: Enclosed cylinder
Hieo = CGrPr)"WIL Wim?-°C
Btuhr-f-°F
052€:04" | Btu/sec-in™-°F
File No.: VY-16Q-301 _ - Page 11 of 27
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Feedwater Nozzlé inite Element Model

Figure 1: ANSYS Finite Element Model =
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Figure 2: Fegdwater Nozzle Internal Pressure Distribution
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, Feedwater Nozzle Finite Element Model
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Figure 3: Feedwater Nozzle Pressure Cap Load -
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Figure 4: Feedwater Nozzle Vessel Boundary Conditions
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Notes: Point A: End of thermal sleeve = Node 204 = 0.25” from feedwater inlet side of thermal sleeve flat.
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Figure S: Nozzle and Vessel Wall Thermal and Heat Transfer Boundaries 1]
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Féedwate s Nozzle Finite Elemernt; Model

Figure 6: Safe End Critical Thermal Stress Location
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Eeddwatet NozZzle Fihite Element. Model

Figure 7: S"afe‘End Limiting Linearized Stress Paths : '
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Figure 9: Blend Radius Linearized Stress Path
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Figure 15: Safe End Membrane Plus Bendi'ng_ Stress HiSfory for 40% Flow
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Figure 16: Safe End Total Stress History for 25% Flow
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Figure 17: Safe End Membrane Plus Bending Stress History for 25% Flow
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Figure' 18: Blend Radius Total Stress History for 100% Flow
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Figure 19: Blend Radius Membrane Plus Bending Stress History for 100% Flow
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Figure 21: Blend Radius Membrane Plus Bending Stress History for 40% Flow
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FWP VY.INP

Input File for Pressure Load

In Computer files

| FWT VY 100.INP

Input File for 100% Flow Thermal Analy51s »

In Computer files

FWS VY 100.INP

Input File for 100% Flow Stress Analysis

In Computer files

FWT VY 40.INP

Input File for 40% Flow Thermal Analysis

In Computer files

| EWS VY 40.INP

Input File for 40% Flow Stress Analysis

In Computer files

FWT VY 25.INP .

Input File for 25% Flow Thermal Analysis

In Computer files

FWS VY 25.INP

Input File for 25% Flow Stress Analysis

{ In Computer files

| PSE.OUT Stress Output at Safe End with Pressure Load In Computer files
PBLEND.OUT Stress Output at Blend Radius with Pressure Load = | In Computer files
PVESS.OUT Stress Qutput at Vessel with Pressure Load | In Computer files
#FSE.OUT Stress OQutput at Safe End In Computer files
#FBLEND.OUT Stress Output at Blend Radius In Computer files

#I'SE_INSIDE.RED

Stress Extracted at Safe End

In Computer files

#FBLEND INSIDE.RED

Stress Extracted at Blend Radius

In Computer files

#FSE T-Green.XLS

Green Function with Total Stress at Safe End

In Computer files

#FSE M+B-Green. XLS

Green Function with Membrane plus Bending Stress
at Safe End

In Computer files

#FBR T-Green.XLS

| Green Function Wlth Total Stress at Blend Radius

In Computer files -

- | #FBR_M+B-Green.XLS

Green Function with Membrane plus Bending Stress

at Blend Radius

In Computer files

Where # is H, M, L meaning IOO%, 40%, and 25% flow rate, respectively.
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1.0 OBJECTIVE

The purpose of this calculation is to perform a revised fatigue analysis for the feedwater nozzle. Two
locations will be analyzed for fatigue 'acceptance: the safe end (SAS08 Class 1) and the blend radius .
(SA508 Class 2). Both locations are chosen based on the highest overall stress of the analysis
performed in Reference [1]. A revised cumulative fatigue factor (CUF) will be determined for both
locations, the nozzle forging and safe end, respectively. In the end, the environmental fatlgue usage
- factors will be determined for both locations.

20 METHODOLOGY

In order to provide an overall approach and strategy for evaluating the feedwater nozzle, the Green’s
Function methodology and assocxated ASME Code stress and fatigue analyses are descrlbed in this
section.

Revised stress and fatigue analyses are being performed for the feedwater nozzle using ASME Code,

- Section III methodology. These analyses are being performed to address license renewal
requirements to evaluate environmental fatigue for this component in response to Generic Aging
Lessons Learned (GALL) Report [11] requirements. The revised analysis is being performed to
refine the fatigue usage so that'an env1ronmental fatigue factor can be determined for subsequent
license renewal efforts.

Two sets of rules are available under ASME Code, Section HI, Class 1 [10] Subparagraph NB-3600 -

of Section III provides simplified rules for analysis of piping components, and NB-3200 allows for
more detailed analysis of vessel componénts. The NB-3600 piping equations combine by absolute

~ sum the stresses due to pressure, moments and through wall thermal gradient effects, regardless of
where within the pipe cross-section the maximum value of the components of stress are located. By
considering stress signs, affected surface (inside or outside) and azimuthal position, the stress ranges
may be significantly reduced. In addition, NB-3600 assigns stress indices by which the stresses are
multiplied to conservatively incorporate the effects of geometric discontinuities. In NB-3200, stress
indices are not required, as the stresses are calculated by finite element andlysis and consider

applicable stress concentration factors. In addition, NB-3200 methodology accounts for the different -

locations within.a component where stresses due to thermal, pressure or other mechanical loading

_are a maximum. This generally results in a net reduction of the stress ranges and consequently,-in the
* calculated fatigue usage. Article 4 [12] methodology was originally used to evaluate the feedwater

nozzle. NB-3200 methodology, which is the modern day equivalent to Article 4, is used in this

analysis to be consistent with the Section III design bases for this component, as well as to allow a
more detailed analysis of this component. In addition, several of the conservatisms originally used

~ in the original feedwater nozzle evaluation (such as grouping of transients) are removed in the

current evaluation so as to achieve a more accurate CUF.

For the feedwater nozzle evaluated as a part of this work, stress histories will be computed by a time
integration of the product of a pre-determined Green’s Function and the transient data. This Green’s
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‘Function integration scheme is similar in concept to the well-known Duhamel theory used in
~ structural dynamics. A detailed derivation of this approach and examples of'its application to
specific plant locations is contained in Reference [2]. A general outline is provided in this section.

~ The steps involved in the evaluation are as follows:

Develop finite element model
Develop heat transfer coefficients and boundary condmons for the ﬁmte element model
Develop Green’s Functions
Develop thermal transient definitions :
Perform stress analysis to determine stresses for thermal transien_ts
Perform fatigue analysis ‘

A Green’s Function is derived by using finite-element methods to determine the transient stress
response of the component to a step change in loading (usually a thermal shock). The critical
location in the component is identified based on the maximum stress, and the thermal stress response
over time is extracted for this location. This response to the input thermal step is the “Green’s
Function.” Figure 1 shows a typical set of two Green’s Functions, each for a different set of heat
transfer coefficients (representing different flow rate conditions). - '

To compute the thermal stress response for an arbitrary transient, the loading parameter (usually
local fluid temperature) is deconstructed into a series of step-loadings. By using the Green’s
Function, the response to each step can be quickly determined.” By the principle of superposition,
these can be added (algebraically) to determine the response to the original load history. The result
is demonstrated in Figure 2. The input transient temperature history contains five step-changes of
varylng size, as shown in the upper plot in Figure 2. These five step changes produce the five
successive stress responses in the second plot shown in Figure 2. By adding all five response curves,
the real-time stress response for the input thermal transient is computed.

The Green’s Function methodology produces identical results compared to running the input transient
through the finite element model. The advantage of using Green’s Functions is that many individual
transients can be run with a significant reduction of effort compared to running all transients through the
finite element model. The trade-off in this process is that the Green’s Functions are based on constant
material properties and heat transfer coefficients. Therefore, these parameters are chosen to bound all
transients that constitute the majority of fatigue usage, i.e., the heat transfer coefficients at 300°F bound
the cold water inj ection transient. In addition, the instantaneous value for the coefficient of thermal
expansion is used instead of the mean value for the coefficient of thermal expansion. This conservatism
is more than offset by the benefit of not having to analyze every transient, which was done in the VY
reactor feedwater nozzle evaluation.

Once the stress history is obtained for all transients using the Green’s Function approach, the
remainder of the fatigue analysis is carried out using tradltlonal methodologies in accordance with
ASME Code, Section III requlrements
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Fatigue calculations are performed in accordance with ASME Code, Section III, Subsection NB-
3200 methodology. Fatigue analysis is performed for the two limiting locations (one in the safe end
and one in the nozzle forging, representing the two materials of the nozzle assembly) using the-
Green’s Functions developed for thee three feedwater flow conditions and 60-year projected cycle
counts. o

Three Structural Integrity utility programs will be used to perform the fatigue analysis. The first two

~ calculate stresses in response to transients. The transients analyzed are those described in the
thermal cycle diagrams [3] for the feedwater nozzle. These transients are shown in Figures 4 — 20.
The temperatures and pressures for these transients have been modified to account for power uprate

~[4]. The power uprate pressures and temperatures were used for this analysis. The last program.
calculates fatigue based on the stress output. The three programs are STRESS.EXE, P-V.EXE, and
FATIGUE.EXE. The first program, STRESS.EXE, calculates a stress history in response to a .
thermal transient using a Green’s Function. The second program, P-V.EXE, reduces the stress

- history to peaks and valleys, as required by ASME Code fatigue evaluation methods. The third

- program, FATIGUE.EXE, calculates fatigue from the reduced peak and valley history using ASME

~Code, Section III range-pair methodology. All three programs are explained in detall and have been
1ndependently verified for generic use in the Reference [5] calculatlon

“In order to perform the fatigue analysis, Green’s Functions are developed using the finite element
‘model. Then, input files with the necessary data are prepared and the three utility computer
programs are run. The first program (STRESS.EXE) requires the following three input files:

e . Input file “GREEN.DAT”: This file contains the Green’s F unction for the location being
evaluated. For each flow condition, two Green’s Functions are determined: a membrane plus
bending stress intensity Green’s Function and a total stress. intensity Green’s Function. This
allows computation of total stress, as well as membrane plus bendmg stress, which is necessary
to compute K, per ASME Code, Section III requirements. _

e Input file “GREEN.CFG”: This file is a configuration file contammg parameters that define the
Green’s Function (i.e., number of points, temperature drop analyzed, etc.).

e Input file “TRANSNT.INP”: This file contains the input transient history for all thermal
transients to be analyzed for the location bemg evaluated.

Pressure and piping stress intensities are also included for each transient case, based on pressure

stress results from finite element analysis and attached piping load calculations.

The second program (P-V.EXE) simply extracts only the maxima and minima stress (i.e., the peaks
" and valleys) from the stress histories generated by program STRESS.EXE. -

The third program (FATIGUE.EXE) performs the ASME Code peak event-pairing required to
calculate a fatigue usage value. The input data consists of the output peak and valley history from
program P-V.EXE and a conﬁguration input file that provides ASME Code configuration data
relevant to the fatigue analysis (i.e., K. parameters, S, Young’s modulus, etc.). The output is the
final fatigue calculatlon for the locatlon being evaluated.
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The Green’s Function methodology described above uses standard industry stress and fatigue
analysis practices, and is the same as the methodology used in typical stress reports. Special
approval for the use of this methodology 1s therefore not requlred

3.0 ANALYSIS

The fatigue analysis involves the preparing of input files for, and running of three programs verified
and described in Reference [5]. The programs STRESS.EXE and P-V.EXE are run together through
the use of a batch file. The program FATIGUE.EXE is run after processing the output from
P_V.EXE. The steps associated with this process are described in the following sub-sections.

31 Transient‘Deﬁnitions (for program STRESS;EXE)

' The program STRESS, EXE requires the followmg three mput files for analyzmg an individual
transient:
o Green.dat. There are 12 stress hlstory functions obtained from Reference [1]. They
A represent the membrane plus bending and total stress intensities at the blend radius and -
safe end locations. Both of the blend radius and the safe end have two stress history
, functions for each of the following flow conditions; 100%, 40%, and 25% ﬂow
o Green.cfg is configured as described in Reference [5].
. Transnt.inp. These files are created to represent the transients shown on the thermal eycle
diagrams and redefined by power uprate. Note that transients 12, 13, and 15 are nearly
- identical on the thermal cycle diagram [3] and the results from running transient 12 will
be used for all three transients. Transient 16, 17 and 18 will not be considered since there
is no temperature change. Tables 1 and 2 show the thermal history used to-represent each.
transient. Based upon the thermal cycle diagram for the feedwater nozzle {3], the
transients are split into the following groups based upon flow rate:
o Transients 3, 20, 20A, and 21-23 are run at 25% flow. Although Reference [3]
shows 15% flow rate, it is conservative to use 25%. flow rate for these transients. .
Transient 20, Hot Standby, is split up into two parts. The first portion is “Heatup
. portion” and the second portion is “Feedwater InJ ectlon portion” that are defined
- from Reference [3]. .
o Transient 11 is run at 40% flow. Transient 11 starts off and ends at 100% ﬂow
o Transients 5, 6, 9, 10, and 19 are run at 100% flow. .
o Transient 4 is run at 100% flow only to obtain the last stress pomt The remainder
of the stress points for transient 4 is obtained from the 25% flow stress results.
The results are pulled from the two flow case results based upon the flow rates
defined in the thermal cycle diagram [3].
o Transients 12, 13, 14 and 15 were run at 100% flow. Heat transfer coefficients
were not re-calculated for the 1 minute intervals each of these transients is at
110% flow. The effect of this small flow rate increase for such a relatively short
duration should be minor. :
o - Transients 1, 2, 24, and 25 are set as no thermal stress due to very small -
 temperature changes (70°F to 100°F) at these transients.
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3 2  Peak and Valley Points of the Stress History (for program P-V.EXE)
- The program P-V.exe is then run to extract the peaks and valleys from the STRESS. OUT file
~ produced by the STRESS.EXE program. The only input required for this program is STRESS. OUT
and it outputs all the peaks and valleys to P-V.OUT. Columns 2 through 5 of Tables 4 (for the blend
radius) and 5 (for the safe end) show the final peak and valley output The pressure for column 6 is
then filled in using the thermal cycle diagrams. Pressure and piping loads have to be added to the
~ peak and valley points to calculate the final stress values used for fatigue analysis.

- 3.3 Pressure Load

The pressure stress associated with a 1000 psi mtemal pressure was determined in Reference [1]
These values are as follows:

Pressure stress for the safe end:
e 8693 psi membrane plus bendmg stress intensity.
o 8891 psi total linearized stress intensity.

Pressure stress for the blend radius: - _
e 36653 psi membrane plus bending stress intensity.
e 37733 psi total linearized stress iritensity.

These pressure stress values for each location were linearly scaled Wlth pressure The actual
pressure for column 6 of Tables 4 and 5 is obtained from Tables 1 and 2. -The scaled pressure stress

values are shown in columns 7 and 8 of Tables 4 and 5.

~ The pressure stress is combined with the thermal and piping loads to calculate the ﬁnal stress values
: used for fatlgue analysrs

3.4 Attached Piping Loads -

Addltlonally, the piping stress intensity (stress caused by the attached piping) was determined.
These p1p1ng forces and moments are determined as shown in Flgure 3. :

The following formulas are used to determine the maximum stress intensity in the nozzle at the two
locations of interest. From engineering statics, the piping loads at the end of the model can be

translated to the first and second cut locations using the following equations:

(Mx)l :Mx:‘FyLl

~ For Cut I: |
(M,), =M, +F]L,
(M,), =M, -F,L
For Cut II: ' ? s
' (M,),=M,+F,L,
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The total bending moment and shear loads are obtained using the equations below:

M, =\/<M-x)ﬁ'+(M;>f |

Fy = J(E)" +(F),

| For Cut I:

M =01, (1),
ForCutll: ‘/ 22 ,yzz_
F, =\~/(Fx)2- +(F,),

The distributed loads for a thin-walled cylinder are obtained using the equations below:

v M
Nz = 1 ._l_Fz +»_i )
R, |2 R,

1 M
' qN = — ny—' z .
: Ry | 2R,

‘To determine the primary stresses, Py, due to internal pressure and piping loads, the following
equations are used. ’ ’

For Cut I, using thin-walled equations:

. : £

©®,), Pay Nz
2, ty
Pa
(Prr)g =- ~
(PM )R =P
dy
T = —
Yo : |
2
SIMAX = \/((PM )8 ;(PM )R ) + (z.M )202
or . » .
P). -(P). ) -
Slyqpn =2\/(———( e M)R.) ()
Because pressuré‘ was considered sep\arately in this analysis, the equations used for Cut [ are valid
for Cutll. : - . , : ' '
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where: L, = The length from the end of the nozzle where the piping loads are applled to the
location of interest in the safe end.
L, = The length from the end of the nozzle where the piping loads are applied to the
location of interest in the blend radius. - '
M,y = The maximum bending moment in the xy plane.
Fyx = The maximum shear force in the xy plane.

N, = The normal force per inch of c1rcumference applied to the end of the nozzle in the
z direction. :
gn = The shear force per inch of circumference applied to the nozzle

Ry = The ‘mid-wall nozzle radlus

Since the pressure was con51dered separately in this analy51s the equatxons can be 31mp11ﬁed as.

follows:
' , 'z
(P, =
(B =
(Py)s=0
(PM )R =0
_9n
TM tN .
STyiax :.Z(IM)
oFr '

Sy _2\/(2]\5) +‘_(TM)Z;92

Per Reference [6], the feedwater nozzle piping loads are as follows:

Fx =3,000 lbs ' M 28,000 ft-1b = 336,000 in-Ib
F, = 15,000 lbs ' = 13,000 ft-1b =156,000 in-Ib
'F, =3,200 lbs M 40,000 ft- lb 480, 000 in-1b

The loads are applied at the connection of the piping and safe end. Therefore, the L, is equal to
12.0871 inches and the L, is equal to 27.572 inches. The calculations for the safe end and blend
radius are shown in Table 3. The first cut location is the same as the Green’s Function cross section
per [1] at the safe end, and the second cut is from Node 645 (outside) to Node 501 (inside). The

~ maximum stress intensities due to piping loads are 5707.97 psi at the safe end and 265.47 psi at the
blend radius, respectively. The piping load sign is set as the same as the thermal stress sign.

- These piping stress values are scaled assuming no stress occurs at an ambient temperature of 70°F
and the full values are reached at reactor design temperature, 575°F. The scaled piping stress values
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are shown in columns 9 and 10 of Tables 4 and 5. Columns 11 and 12 of Tables 4 and 5 show the
summation of all stresses for each thermal peak and valley stress point.

35 Fatigue Analysis (for program F ATIGUE.EXE)

The number of cycles projected for the 60-year operating life is used for each transient [3]:

~ Column 13 in Tables 4 and 5 shows the number of cycles assocmted with each tran51ent The number of

cycles for 60 years was obtained from Reference [3].

The program FATIGUE.EXE performs the “ASME Co'de'style’v’ peak event pairing required to
calculate a fatigue usage value. The input data for FATIGUE.CFG is as follows:

- Blend Radius Safe End |

Parameters m and n for 2.0 & 0.2 (low alloy 3.0 & 0.2 (carbon steel)
Computing K, 3 steel) [10] [10]

" Design Stress Intensity
Values, S
Elastic Modulus from

26700 psi [8] @ 600°F | 17800 psi [8] @ 600°F

6 6 . :
Applicable Fatigue Curve 30.0x10° psi [10] ‘ 30._0_x_10 psi [10]
* Elastic Modulus Used in 6 . R 6. .
Finite Element Model 26.7x10 p51 28'1810 pst
The Geometric Stress 1.0 134 7, page 35 of S 4

(Co_neentration Factor K,

The results of the fatigue analyses are presented in Tables 6 and 7 for the blend radius and safe end
for 60 years, respectively.

The results described are contained in EXCEL files BRresults.xls and SEresults xls whlch are
contained in the computer files.

4.0 FATIGUE USAGE RESULTS '

The blend radius cumulative usage factor (CUF) from system cycling is 0.0636 for 60 years. The
safe end CUF is 0.1471 for 60 years.

5.0 ENVIRONMENTAL FATIGUE ANALYSIS

In the response to NRC request for additional information (RAI) 4.3-H-02, VYNPS states that they have
conservatively assumed that fatigue cracks may be present in the clad. VYNPS manages this cracking
by performing periodic inspections that were implemented in response to Generic Letters 80-095 and

: . f
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81-11, and NUREG-0619. The inspection frequency is based on the calculated fatigue crack growth of a
postulated flaw in the nozzle inner blend radius. The VYNPS fatigue crack growth calculation uses
methods in compliance with GE BWR Owners Group Topical Report “Alternate BWR Feedwater

- Nozzle Inspection Requirements”, GE-NE-523-A71-0594, Revision 1, August 1999 and the associated
NRC Final Safety Evaluation (TAC No. MA6787) dated March 10, 2000. The NRC has reviewed and

~ approved this approach to handling FW nozzle inner blend radius cracking (Letter D.H. Dorman

(USNRC) to D.A. Reid (VYNPC), Subject: Evaluation of Request for Rellef from NUREG-0619 for
VYNPS dated 2/6/95, (TAC No. M88803)).

The analysis performed for the feedwater nozzle calculated fatlgue in the blend radius base metal not
~ the clad. This is consistent with the VYNPS position stated in the response to RAI 4.3-H-02, and is also
* consistent with ASME Code methodology since cladding is structurally neglected in fatigue analyses,
per ASME Code, Section III; NB-3122.3.

Per Reference [9], the dissolved Oxygen (DO) calculation shows the overall HWC avallablhty is
: 47% This means the time ratio under NWC (pre-HWC) is 53%.

For the safev end location, the environmental fatigue factors for post-HWC and pre-HWC are all 1.74
from Table 3 of Reference [9]. It results in an EAF adjusted CUF of 1.74 x 0.1471 = 0.2560 for 60
years, which is acceptable (i.e., less than the allowable value of 1.0). The overall environmental
multlpller is 1. 74 - :

For the blend radius_location, the environmental fatigue factors for post-HWC and pre-HWC are
11.14 and 8.82 from Table 4 of Reference [9]. These results in an EAF adjusted CUF of (11.14x

-53% + 8.82 x 47%) x 0.0636 = 0.63 92 for 60 years, which is acceptable (i.e., less than the allowable
value of 1 .0). The overall environmental multiplier is 10.0496.
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Table 1: B_lend Radius Transients

Transient Time . Temp Time Step Pressure Transient Yime Yemp Time Step | Pressure Transieat . Time Temp Time Step | Pressure |
umber O {psiaj Number ) i3] O] {psia} Number £6 s] 1 i
1.Boitup - [] 0 10. FW Heater 0 392 101 - 14. SRV 392 - 100
123 Cycles - 10 [ Bypass - 90 265 90 101 Blowdown 278 60
0 0 70 Cycles 1690 265 {45 SE 00 5705 101 — 1Cycles 100 800
1080 HF_t00 2070 392 180 101 HF_100

5060 1070 3 0%
1010 Power 300 Cycies
i 140 HF_100

1180 20. Hot Standty
1185 {Heatup Portion)
1135 360 Cycles

7070
11. Lossof [
FW Pumps 1

1f0Cycles | 35

“MF_40, HF_100 45

~{o[8lglolglgel-fe
8
5
8

iF 25 1845 1135 CF 25 ;
<. Turbine Rofl 15645 1135 Z0A. Hot Standby [ 549 - 610
and increased to 18655 35 (FW tnjection Portion) 1 100 1 010
1655 19387 300 Cycles 81 100" 80 7610
Pawer 1862 66,5 1135 (Y% 741 250 & 10
2346. 50 180 "‘K’i&. 5 451 549 210 - 101
5406, “0 3060 - 54817 TERE 5000 191
5407 565 3 |05 2123, Shutdown [ 549 01
€737 565 1320 1138 360 Cyces 6284 375 6264 50
&7 50 1 1138 [T X 6864 336 600 55
10,000 Cyces 3600 7148 50 420 675 5144 100 6280 50|
"TTTHE 06 8600 7448 300 300 675 20144 100 5500 50
6. WeeklyReduct | 0 11048 409 3636 232 24 tydrostatic 100 - 50
71800 16411 549 5363 865 Test : [ 00 600,
2,000 Cycles 3600 16412 543 1 1010 1 Cycles 1200 100 00
HE_160 5400 18312, 43 1800 1010 1800 60 560
’ : 10400 18213, 00 i 1010 2400 100 500 5
3. Turbine o 20013 150 1800 . 1010 25, Unbolt 0 100 0
Trip &t 75% 1800 20014 260 1 1 133 Cycies 1060 79 1080 )
Power 1980 21814, 357 1800 1 6060 70 5000 [
10 Cycies 7340 26814 392 ~6000 1
HF_100 2530 1Z_Tarbine. [ 352 1
3420 Generator Trip 10 392 10
36500 60 Cycles .15 392 5 T135/1375%4)
5400 13, Reactor 30 .32 15 940
10400 Guerpressure 90 775 ) 840
1Cycies 956 L) 560 840

5. Other 2790 I 1 T
SCRAM3 3791 1 845

419 101
1381 101
- 5000 101

228 cycles 3210
HF_100 4591
2591
Note 1. The indicated time or pressure was assumed.

2. 1375 psi is for Transzent 13.only.

Table 2: Safe End Transient _ S ‘
foslg) |

Transient Time Temp_ | Time Step | _Pressure Transtent Time Temp Time Step_|_Pressure Transtent Time Yemp
grmber 5] a s fpsiq) Number 5] 8 [5) fpsia) Number &1 3
1. Baltup 0 - 70 0 10. FW Heater 0 1016 14.SRV Q 392
123 Cycles ) 78 7 © T ypass ) S0 1010, |7 Biowdown | 60 275
74 Cycles 1830 BB 1010 1 Cycles 960 109
7. Design HE_ 160 270 180 1010 {7HF_i66 1480 100
HYD Test 2570 560 1919, [ 19, Reduction ta 0% A 392
170 Cycles 1. Loss of [ 1070 Power 300 Cycles 1800 265
FW Pumps 1 565 i “HE 100 2566 %5 500 1610
10 Cycles 35 25 0. Hot Standby [ 265 1010
MF_40, HE_100 45 i 1185 (Heatup Portion] | 1 440 i 1010
3. Starp 135 ) 1135 306 Cycies 3635 54 5924 k!
360 Cycles 1845 171 1135 ¥ 2§ G5 54 560 i
iF_25 15645 1380 1135 Z0A_ Hot Standby [ 54 1
4_ Turbine Roll 15655 i 1935 |FW tnjection Portion] i 06 E 191
and increased to 31655 630 1135 300 Cyctes 181 00 180 1618
Rated 166.5 32 LF2s - 241 3¢ 66 1616
Power ST 451 X 210 1010
300 s 54 [ 1010
2123, Shutdown o S48 1010

LF_25, HF_100

8
&
o
4

390 Cycles .| 6264
CF s 6664

g
[3
g

i
5
§

g
s
:

24. Hydrostatic o
Test 600
1 Cycies 1300

i

8

g
&

8
g

g
g
g

8
g
&

g

25. Unbott -0

BigBiRififiaig sisiRifit gl ki aitigiaiale
§
8

123 Cycles 1080

9. Turbine 5

Teip a125% 218145 392 1580 70 500
Power 223145 392

10 Cycles 12. Turbine 0 32
HF_100 Generator Trip 10 302

63 Cycles 15 392
13, Reactor 30 397 15 40
‘Overpressure 90 275 €0 940
1 Cycles g9 ©00 500 40
15, Other 2750 100 PRGBS
SCRAMS 2791 260 1 840
226 cycles 3210 281 4ig 1010
HF_100 4591 397 1381 1010

$091 392 500 1010

Note: I. These transients are the same as in Table 1 with the exception of the 5 00 second steady state time increment
that is used. The transients in Table I are plotted using a 5000 second steady state increment. The difference
is due to the length of the Green's Function for the safe end which is shorter compared to the blend Radius.

2. The indicated time or pressure was assumed, :
3. 1375 psi is for Transient 13 only.
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Table 3: Maximum Piping Stress Intensity Calculations

Safe End External Piping Loads

Blend Radius External Piping Loads

Parameters _ Parameters
Fy= 3.00 Kips Fy= 3.00 _ Kips
F,= 15.00 kips. E,= 15.00 kips
 E,= 320 Kips F,= 3.20 kips
M= 1336.00 in-kips M, = 336.00 | _ inkips
- M,= 156.00 in-kips M, = 156.00 in-kips
M, = 480.00 in-kips M= 480.00 in-kips
oD= 11.86 in oD= 22.67 in
iD= 10.409 in ID= 10.750 in
Ry= 5.57 in Ry = 8.35 in
L= - 12.09 in = 27.57. in
ty= 0.72 in = 5.96 in
(M1 154.69 in-kips (M )2 = -77.58 in-kips
(My)4 192.26 | in-kips (M), = 238.72 in-kips
My = 2468.77 in-Kips Mo= | 251.01 in-kips
Fo= 15.30 kips Fo= 15.30 kips
N, = 2.63 kipsfin Nz = 1.21 kipsfin
Q= -1.59 kipsfin Q= -0.51 " kips/in
| Primary Membrane Stress Intensity Prlmary Membrane Stress Intensity
PMy= ' 3.63 ksi PM, = 0.20 ksi
T= 2.20 ksi 1= -0.09 ksi
Slyax = 571 ksi Slopax = 0.27 ksi
Slmax = 5707.97 psi Slnax = 265.47 psi

~ Note: The locations for Cut I and Cut I were deﬁned in Reference [1] for safe end and blend radius
- paths, respectively.

File No.:

VY-16Q-302
- Revision: 0

Page 15 of 34

-F0306-01R0



Structural Integrity Associates, Inc. )

Table 4: Blend Radius Stress Summary
1 2 .3 4 5 6 7 8 9 10 11 12 13
Total M+B Total M+8 Total Total Number
Total M+B8 - Pressure | Pressure | Piping |- Piping | Total. M+B of
Transient| Time Stress | Stress | Temperature Pressure | Stress Stress Stress Stress Stress Stress ' Cycles
Number {s) - {psi) {psi) _F {psiq) (psi) {psi) {psi} {psi) {psi) {psi) {60 years)
1 0 0 0 70 .0 0 - 0 o] 0 0.00 0.00 123
0 0 0 70 0 0 [ [ 0 0.00 0.00] - 120
2 1680 0 0 100 1100] -41506.3] 40318.3] 15.77042| 15.77042] 41522.07 40334.07 120
10880 0 0 100 50 1886.65] 1832.65] 15.77042| 15.77042 1902.42 1848.42 120] -
0] 29166 23676 100 50| 1886.65] 1832.65| 15.77042] 15.77042] 31068.42 25524 .42 300
3 16782.8) -3577 -3138 549 1010] 38110.33]. 37019.53] -251.801] -251.801] 34281.53 33629.73 300
21164] -3532 -3138 549 1010} 38110.33] 37019.53] -251.801] -251.801| 34326.53 33629.73 300
0f -3530 -3168 549 1010] 38110.33] 37019.53|- -251.801] -251.801] 34328.53 33609.73 300
4 © 1801.9{ 29465 22266 244.004 1010] 38110.33] 37019.53] 91.47053| 91.47053| 67666.80 59377.00 300
8602 7720 6749 392 .1010] 38110.33] 37019.53] 169.2692| 169.2692] . 45999.60 43937.80 . 300
. 0] 7720 6752 392 1010] 38110.33] 37019.53]| 169.2692| 169.2692| 45999.60 43940.80 10000
5 2229.8] 13598 11941 ~ 311.002 1010] 38110.33f 37019.53] 126.6901] 126.6901] 51835.02 49087.22 10000
8600 7720 6752 392 1010| 38110.33| 37019.53] 169.2692| 169.2692f 45999.60 43940.80 10000
0 7720 6752 392 1010§ 38110.33{ 37019.53] 169.2692| 169.2692] 45999.60 43940.80 2000
6 2820.3] 15742 13892 280.691 1010| 38110.33] 37019.53] 110.7562] 110.7562| 63963.09 51022.29 2000
10400 7720 6752 392 1010{ 38110.33) 37019.53| 169.2692] 169.2692] 45999.60 43940.80 2000
C o 7720 6752 _ 392 1010] 38110.33| 37019.53{ 169.2692] 169.2692| 45999.60 43940.80 10
9 2524] 29006 23417 118.311 1010] 38110.33| 37019.53| 25.39616| 25.39616] 67141.73] - 60461.93 10
10400 7720 6752 392 1010] 38110.33] 37019.53| 169.2692| 169.2692| 45999.60]  43940.80 10
0 7720 6752 392 1010] 38110.33| 37019.53| 169.2692| 169.2692| 45999.60 43940.80 70}
10 1632.4] 16828 14701 267.399 1010} 38110.33] 37019.53| 103.7688| 103.7688{ 55042.10 51824.30 ‘70
7070 7720 6752 392 1010] 38110.33] 37019.53} 169.2692} -169.2692| 45999.60 43940.80 .70
0] 7720 6752 392 1010| 38110.33| 37019.563| 169.2692] 169.2692] 45999.60 .43940.80] 110
3.5 6620 6632 565 1190] 44902.27] 43617.07] 260.2119| 260.2119{ 51782.48 50509.28 ‘10
4.5 6190 6608 50 1185] 44713.61] 43433.81} 10.51361] 10.51361| 50914.12 50052.32 10
194.5] 31720 21067 109.348 1135 42826.96] 41601.16| 20.68448| 20.68448] 74567.64 62688.84 .10
2166.3] 4761 -1859 513.483 972| 36676.48| 35626.72| -233.1304) -233.1304] 31682.35| . 33534.59 10
11 2362.5| 31268 22070| - 102.255 1010} 38110.33] 37019.53] 16.95583] 16.95583| 69395.29] ~ 59106.49 10
6728.3] 4913 -3149{ - 513.448 1010] 38110.33] 37019.53| -233.112] -233.112] 32964.22 33637.42 10
7149.9| 32114 21472 83.333 1010] 38110.33] 37019.53] . 7.0089 7.0089] 70231.34 58498.54 10
18213.3) -3565 -3162 503.978 1010} 38110.33§ 37019.53| -228.1338] -228.1338] 34317.20 33629.40] . 10
19122.6] 29156 23083 100.048 1010] 38110.33] 37019.53] 15.79565] 15.79565] 67282.13 60118.33 10
26814.5 7720 6410 392 . 1010] 38110.33] 37019.53] 169.2692) 169.2692| 45999.60 43598.80 10
0 7720 6752 392 1010{ 38110.33] 37019.53| 169.2692| 169.2692| 45999.60 43940.80 60
10 7720 6752 392 1135| 42826.96| 41601.16] 169.2692| 169.2692{ 50716.22 48522.42 60
12 30 7720 6752 392 940} 35469.02] 34453.82{ 169.2692| 169.2692| . 43358.29 41375.09 ‘60
' 2033.7] 28648 25301 132.007 940| 35469.02| 34453.82| 32.59588] 32.59588| 64149.62 59787.42 60
9591 7720 6752 392 1010] 38110.33] 37019.53] 169.2692] 169.2692] 45999.60 43940.80 . 60
0 7720 6752 392 1010{ 38110.33] 37019.53] 169.2692| 169.2692] 45999.60 43940.80 ‘1
10 7720 6752 392 1375| 51882.88| 50397.88] 169.2692| 169.2692| 59772.14] - 57319.14 1
13 30 7720 6752 392 940| 35469.02f 34453.82{ 169.2692] 169.2692] 43358.29 41375.09 1
2033.7} 28648 25301 132.007 1010] 38110.33] 37019.53| 32.59588| 32.59588| 66790.93 62353.13 1
9591 7720 6752 392 1010] 38110.33] 37019.53] 169.2692] 169.2692| - 45999.60 43940.80 1
14 0 7720 6752 392 1010] 38110.33] 37019.53| 169.2692| 169.2692| 45999.60 43940.80 1
5960| 28487 25650 100 50] 1886.65| 1832.65| 15.77042f 15.77042| 30389.42 27498.42 1
0 7720 6752 - 392 1010] 38110.33] 37019.53] 169.2692| 169.2692| 45999.60| - 43940.80 228
10 7720 6752 392 1135| 42826.96| 41601.16| 169.2692]- 169.2692] 50716.22 4852242 228
15 30 7720 6752 . 392 940| 35469.02| 34453.82] 169.2692] 169.2692| '43358.29 41375.09 228
2033.7] 28648 25301 132.007 1010{ 38110.33{ 37019.53| 32.59588| 32.59588| 66790.93 62353.13 228
9591 7720 6752 392 1010] 38110.33| 37019.53| 169.2692] 169.2692] 45999.60 43940.80 228
19 0 7720 6752 392 1010] 38110.33] 37019.53] 169.2692| 169.2692{ 45999.60 43940.80 300
6800 16752 14971 265 1010] 38110.33] 37019.53] 102.5077] 102.5077] 54964.84 52093.04 300
20 0l 17151 13815 265 1010]- 38110.33| 37019.53] 102.5077] 102.5077{ 55363.84 50937.04 300
8925] -3531 -3146 549 " 1010] 38110.33} 37019.53{ -251.801] -251.801] 34327.53]. 33621.73 300
0f -3530 -3158 549 1010] 38110.33] 37019.63| -251.801} -251.801] 34328.53 33609.73 300
20A 183] 28102 121563 233 1010} 38110.33} 37019.53] 85.68595| 85.68595| 66298.02 49258.22 300
5451 -3530 -3168 549 1010{ 38110.33] 37019.53| -251.801] -251.801] 34328.53 33609.73 300
21-23 0] -3530 -3158 549 1010] 38110.33) 37019.53| -251.801| -251.801] 34328.53 33609.73 300
20144] 29168 23656 100 50] 1886.65] 1832.65] 15.77042| 15.77042] 3107042 25504.42 300
Y 0 0 100 50| 1886.65] 1832.65| 15.77042] 15.77042 1902.42 1848.42 1
24 600 0 0 100 1563 58976.68] 57288.64| 15.77042| 15.77042] 5899245 57304.41 1
2400 .0 0 100 50 1886.65{ 1832.65] 15.77042] 15.77042 1902.42 1848.42 -1
25 0 0 0 100 0 0 0] 15.77042| 15.77042 16.77 15.77 123
1580 0 0 70 0 0 0 0 0 0.00 0.00 123
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Table 4: Blend Radius Stress Summary (Continue)

NOTES: Column 1: Transient number 1dent1ﬁcatlon

Column 2: Time during transient where a maxima or minima stress mtensnty occurs from P-V.OUT output file.

Column 3: Maxima or minima total stress intensity from P-V.OUT output file.

Column 4: Maxima or minima membrane plus bending stress intensity from P-V.OUT output file.

Column 5: Temperature per total stress mtensnty

Column 6: Pressure per Table 1. :

Column 7: Total pressure stress intensity from the quantity (Column 6 x 37733)/1000 [Table3, 1].

Column 8: Membrane plus: bendmg pressure stress intensity from the quantity (Column 6 x 36653)/1000
[Table 3, 1].

Column 9: Total external stress from calculation in Table 3, 265.47 psn*(Column 5-70°F)/(575°F -70°F).

. Column 10: Same as Column 9, but for M+B stress.

Column 11: Sum of total stresses (Columns 3, 7, and 9).

.Column 12: Sum of membrane plus bending As'tresses (Columns 4, 8, and 10).

Column 13: Number of cycles for the transient (60 years).

Revision: 0
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Téble_'S: Safe End Stress Summary

F0306-01R0

1 2 3 4 5 6 7 8 .9 . 10 11 12 13
: Total. M+8 Yotal mM+8 _Total Total Number
Total | M+B ] Pressure | Pressure | Piping Piping Total M+B of
Transient| Time Stress | Stress | Temperature | Pressure { Stress | - Stress Stress Stress Stress Stress Cycles
Number {s) .| (psi) | (psi) F (psiq) {psi) {psi) {psi) {psi) {psi) {psi)  |(60 years)
) 1 Q0 0§ 0 ) 70 0 0 0 [y 0 0.00 0.00 123
. 0 0 .0 70 9} 0f . 0 0 0 0.00] 0.00 120
2 1680 0 ‘0 100 1100 9780.1 9562.3] 339.0875| 339.0875] 10119.19 9901.39 120
6960 0 Y 100 50 444.55 434.65| 339.0875| 339.0875 783.64 '773.74 120
. 0 -170 -165 100 50 444.55 434.65] -339.0875( -339.0875 -64.54 -69.44 300
3 163.2] . -235 -212 104.256 50 444.55 434.65] -387.1927] -387.1927 -177.64 -164.54 300
16328.2 .2 3 549 1010{ -8979.91] 8779.93] 5414.097| 5414.097| 14396.01 14197.03 300
16664 -1 0 549 1010] 8979.91| 8779.93| -5414.097] 5414.097 3564.81 14194.03 300
4] -3 -2 “549 1010] 8979.91f 8779.93| -5414.0971 -6414.097 3562.81 3363.83 300
4 3.6/ 44060{ 30988 100 ~ 1010]. 8979.91| 8779.83] 339.0875| 339.0875|  53379.00 40107.02 300
1804.6] -15889] -11224 260.286 1010 8979.91] .8779.93) -2150.787] -2160.787 -9059.88 -4594.86 300
4102 21 23 392 1010] .8979.91] 8779.93] 3639.539] 3639.539] 12640.45 12442.47 . 300
0 22 23 .392 1010] 8979.91f 8779.93] 3639.539] 3639.539] 12641.45 12442.47 10000
900.1 244 189 310 1010] ' 8979.91| 8779.93] 27127 2712.7] 11936.61 11681.63 10000
5 3600 -169 -110 392 1010 8979.91| 8779.93} -3639.539] -3639.639 5171.37 5030.39 10000
3684.4 ‘33 35 392 1010] 8979.91] 8779.93] 3639.539] 3639.539} 12652.45 12454.47] - 10000
4100 22 23 392 1010] 8979.91] 8779.93| 3639.539| 3639.539( 12641.45 12442.47 10000
0 22 23 .392 1010| -8979.91] 8779.93] 3639.539] 3639.539| 12641.45 12442.47 2000
1800.1 196 159 280 1010] 8979.91{ 8779.93} 2373.612] 2373.612} -11549.62 11312.54 2000
6 5400.2 -108 -68 392 1010] 8979.91] 8779.93] -3639.539] -3639.539 5§232.37 5072.39 2000
5496.6 29 31 392 1010 8979.91| 8779.93] 3639.539| 3639.539| 12648.45 12450.47 2000
5900 22 23 392 1010 8979.91] 8779.93] 3639.539]| 3639.539] 1264145 12442.47 2000
0 - 22 23 392 1010} - 8979.91] 8779.93| 3639.539] 3639.639] 12641.45 12442.47 10
97.3 180 137 385.135 1010] 8979.91] 8779.93] 3561.945| 3561.945] 12721.85 12478.87]- 10
1884.1 63 65 265 1010] 8979.91] 8779.93] 2204.069| 2204.069]  11246.98 11049.00 10
2059.2 1161 859 226.597 1010{ 8979.91] 8779.93} 1770.003| 1770.003| 11910.91| = 11408.93 10
9 3420.1 -334 =211 - 265 1010 8979.91] -8779.93| -2204.069] -2204.069] 6441.84 6364.86 10
3490.2 97 98 265 .1010| - 8979.91] 8779.93| 2204.069] 2204.069] 11280.98 11082.00 10
5400.1 -126 -80 392 1010{ 8979.91| 8779.93] -3639.539{ -3639.539 5214.37 5060.39 10
5470.6 31 32 392 1010 8979.91] 8779.93| 3639.639| 3639.539] 12650.45 12451.47 10
5900 22 23 392 1010] 8979.91] 8779.93] 3639.539] 3639.539] 12641.45 12442.47 10
0 23 22 392 1010] 8979.91}1 8779.93] 3639.539| 3639.639] 12642.45 12441.47 70
77.1 2308 3188 285.461 1010]{ 8979.91] 8779.93f 2435.338] 2435.338] '13723.25 14403.27 70|
. 169.4 -12 -13 265 1010] 8979.91| - 8779.93| -2204.069] -2204.069 ' 6763.84 6562.86 70
10 1890 74 72 265 1010{ 8979.91} 8779.93] 2204.069| 2204.069] 11257.98] . 11056.00 70
’ 1968.2 -1069] -1511 322.362 1010] 8979.91] 8779.93] -2852.427| -2852.427|  5058.48 4416.50 70
2147.2 91 90 392 1010 8979.91| - 8779.93] 3639.539] 3639.539 12710.45 12509.47 70
2570 23 22 392 1010f{ 8979.91f 8779.93| 3639.539| 3639.639| 12642.45 12441.47 70
0 -29 -27 392 1010{ 8979.91 8779.93] -3639.539{ -3639.539 5311.37 5113.39 10
2.9] -20317| -13859 565 1147] 10197.98| 9970.871f -5594.944| -5594.944| -15713.97 -9483.07 10
6.8] 42852| 28563 565 1172] 10420.25] 10188.2| 5594.944] 5594.944| 58867.20 45346.14 10],
1567.4{ -15216| -10526 565 1135{ 10091.29f 9866.555] -6594.944] -6594.944| -10719.66 -6254.39 10
2168.4] 60377] 41773 50 1134| 10082.39| 9857.862{ -226.0583) -226.0583| - 70233.34 51404.80 10
11 5409.4] -14924} -10329 565 1054] 9371.114] 9162.422] -5594.944] -5594.944| -11147.83 6761.52 10
6730.4] 60377 41773 50 1133] 10073.5] 9849.169] -226.0583| -226.0583] 70224.44 51396.11 10
7243.2] -1965| -1434 128.917 . 675] 6001.425| 5867.775} -665.9339{ -665.9339 3370.49 3767.84 10
18215.4] 52636] 36417 100 10107 8979.91| 8779.93] 339.0875] 339.0875| . 61955.00 45536.02 10
20015.5] -24511{ -16189 260.183 1010] 8979.91{ 8779.93|-2149.623] -2149.623| -17680.71 -9558.69 10
22314.5 22 23 392 937| 8330.867| 8145.341] 3639.539] 3639.539] 11992.41 11807.88 10
0 23 22 392 1010 8979.91| - 8779.93] 3639.539] 3639.539| 12642.45 12441.47 60
10 23 22 -392 1135 10091:29] 9866.555] 3639.539|- 3639.539| 13753.82 13528.09 60
12 30 23 22 392 940] 8357.54] 8171.42| 3639.539{ 3639.539f 12020.08 11832.96 60
90 3174] 4383 275 940] 8357.54] 8171.42f 2317.098) 2317.098{ 13848.64 14871.52 60
2793.5| -16189] -24511 260.183 941| 8366.431§ 8180.113]| -2149.623] -2149.623 -9972.19] © -18480.51 60
5091 23 22 392 1010| 8979.91| 8779.93| 3639.539| 3639.539] 12642.45 12441.47 60
0 23 22 392 1010] 8979.91] '8779.93|. 3639.539] 3639.539] 12642.45 12441.47 1
10 23 22 392 1375] 12225.13] 11952.88] 3639.539{ 3639.639]{ 15887.66 15614.41 1
13 30 .23 22 392 940] 8357.54] 8171.42| 3639.539] 3639.539| 12020.08 11832.96 1
90 3174 4383 275 940] 8357.54] 8171.42| 2317.098] 2317.098] 13848.64 14871.52 1
2793.5] -16189| -24511 '260.183 941] 8366.431| 8180.113] -2149.623] -2149.623]  -9972.19 -18480.51 1
50891 23 22 392 1010| 8979.91f 8779.93] 3639.539| 3639.539] 12642.45 12441.47 1
File No.: VY-16Q-302 Page 18 of 34
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“Table 5: Safe End Stress Summary (continue)

7

8

1 2 3 4 5 6. 9 10 11 12 13
} Total M+B Total "M+B Total Total Number
Total | M+B ) Pressure | Pressure | Piping Piping Total mM+B of
Transient] Time Stress | Stress | Temperature | Pressure | Stress Stress Stress Stress - Stress Stress . Cycles
Number | (s) | {psi) | {psi) F (psig) | (psi) {psi) (psi) (psi) | {psi) (psi) _|(60 years)
.0 22 23 392 1010] 8979.91|  8779.93] 3639.539| 3639.539| -12641.45 12442 .47 1
60 4383} 3174 275 885] 7868.535| 7693.305] 2317.098] 2317.098| 14568.63 13184.40 1
14 148 420 300 258.492 803] 7139.473] 6980.479| 2130.509] 2130.509 9689.98 9410.99 1
960 ‘544 424 100 50| . 444.55 434.65] 339.0875| 339.0875] - 1327.64 1197.74 1
1460 1371 139 100 50 444.55 434.65{ 339.0875] 339.0875 920.64 . 91274 1
0 23 - 22 392 1010{ 8979.91| 8779.93| 3639.539| 3639.539] 12642.45 12441.47 228
10 23 22 392 1135] 10091.29| 9866.555] 3639.539| 3639.539] 13753.82 13528.09 228
15 30] 23 22 392 940 8357.54| 8171.42] 3639.539] 3639.539] 12020.08 11832.96 228
90§ ~ 3174] 4383 275 940] 8357.54|. 8171.42] 2317.098} 2317.098] 13848.64 14871.52 228
2793.5| -16189} -24511 260.183 941| 8366.431) 8180.113] -2149.623] -2149.623] -9972.19{  -18480.51 228
5091 23 22 392 1010] 8979.91| 8779.93] 3639.539| 3639.539] 12642.45 12441.47 228
0 22 23 392 1010{ 8979.91] 8779.93] 3639.539] 3639.539] 12641.45 1244247 300
19 1800 219 177 265 1010] 8979.91| 8779.93] 2204.069| 2204.069] 11402.98 11161.00 - 300
2300 72] . 74 265 1010] - 8979.91] 8779.93] 2204.069| 2204.069| 11255.98 11058.00 300
0 -109 -105{ - 265 ~ 1010{ 8979.91| 8779.93] -2204.069{ -2204.069 6666.84 6470.86 300
20 4 -17288| -12189 440.106 1010] 8979.91] 8779.93| -4183.277| 4183.277] -12491.37 - -7592.35 300{
4425 -2{ -1 549 1010] 8979.91| - 8779.93] -5414.097| -5414.097 3563.81 3364.83] 300
0 -3 -2 549 1010} 8979.91] 8779.93] -5414.097] -5414.097 3562.81 3363.83 300
4| 44060} 30988 100 1010| 8979.91§ 8779.93| 339.0875] -339.0875| 53379.00 40107.02 . 300
20A 241) -7461] -5525 | 290.247 1010] 8979.91| 8779.93] -2489.433] -2489.433]  -970.52 1765.50 300
572 128 132 .549 1010} 8979.91| 8779.93] 5414.097] 5414.097] 14522.01 14326.03 300
951 -3 -2 549 1010 8979.91] 8779.93] -5414.097{ -5414.097] . 3562.81 3363.83|. 300
0 -3 -2 549 “ 1010 8979.91| 8779.93| -5414.097] -5414.097 3562.81 3363.83 300
138 62 45 545.167 989| 8793.199| 8597.377] 5370.773] 5370.773| 14225.97 14013.15 300
21-23 6264 -5 -20 374.97 50 444.55] 434.65] -3447.05| -3447.05]  -3007.50 -3032.40 300§
6390 104 59 366.172 50 444.55|. 434.65| 3347.607] 3347.607 3896.16 3841.26 300
15644 -173 -167 100 50 444.55 434.65] -339.0875] -339.0875 -67.54 -71.44 300]
ol 0 0 100 50 444.55 434.65} 339.0875] 339.0875 783.64 773.74 1
24 600 0 0 100 1563] 13896.63| 13587.16| 339.0875] 339.0875f( 14235.72 13926.25 1
2400 of - 0 100 50 444.55] . 434.65] 339.0875] 339.0875 783.64 . 773.74 1
25 . [1] 0 0 100 0 0 : 0] 339.0875] 339.0875 339.09 339.09 123
1580 ] Q 70 Q .Q [¢] -0 0 0.00 ., 0.00 123

NOTES: Column 1:
"Column 2:

" Column 3:
Column 4:
Column 5:

- Column 6:
Column 7:
Column 8:

Column 9:

[Table3, 1].

Transient number identification. . '
Time during transient where a maxima or minima stress intensity occurs from P-V.OUT output file.
Maxima or minima total stress intensity from P-V:OUT output file.

Maxima or minima membrane plus bending stress intensity from P-V.OQUT output file.
Temperature per total stress intensity.
Pressure per Table 2.
Total pressure stress intensity from the quantlty (Column 6 x 8891)/ 1000 [Table 3, 1]. .
Membrane plus. bendmg pressure stress mten51ty from the quantlty (Column 6 x 8693)/1000

Column 11: Sum of total stresses (Columns 3, 7, and 9). : _
Column 12: Sum of membrane plus bending stresses (Columns 4, 8, and 10).

- Column'13: Number of cycles for the transient (60 years).

Total external stress from calculation in Table 3,5707.97 p51*(Column 5-70°F)/(575°F 70°F)
~ Column 10: Same as Column 9, but for M+B stress.

File No.: VY-16Q-302
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Téb[e 6: Fatigue Results for Blend Radius (60 Years)

FATIGUE CU

LOCATION

RVE =

1

= LOCATION NO. 2 -- BLEND RADIUS

(l = CARBON/LOW ALLOY,

m:
. n =
Sm = 267

2.0
.2

00. psi

2

"Ecurve = 3.000E+07 psi
Eanalysis = 2.670E+07 psi

= STAINLESS STEEL)

INE N I Bl BN W N BN S B TS T S B B .

Kt = 1.00
MAX MIN RANGE MEM+BEND Ke Salt Napplied  Nallowed U
74568. 0. 74568, 62689. 1.000 41892. 1.000E+01 7.488E+03  .0013"
70231. 0. 70231. 58499. 1.000 39456. 1.000E+01 8.944E+03- .0011
© 69395. 0. 69395. 59106. 1.000 38986. 1.000E+01 9.268E+03 L0011
67667. 0. 67667. 59377. 1.000 38015. 9.300E+01 9.988E+03 .0093
67667. 0. .67667. 59377. 1.000 38015. 1.200E+02 9.988E+03 .0120
67667 0. 67667, 59377. 1.000 38015. 8.700E+01 9.988E+03 .0087.
67282. 0. 67282. 60118. 1.000 37799. 1.000E+01 1.018E+04 .0010 -
67142. 0. 67142. 60462. 1.000 37720. 1.000E+01 1.025E+04 .0010"
66791. . 0. 66791. 62353, 1.000 37523. 1.000E+00 1.044E+04 .0001L
66791. 0. 66791. 62353. 1.000 .37523. 1.500E+01 1.044E+04 .0014
66791. 16. 66775. . 62337. 1.000 '37514. 1.230E+02 1.045E+04 .0118
.66791. 1902. 64889. 60505. 1.000 36454. 9.000E+01 1.152E+04  .0078
66298 . 1902. 64396. 47410. 1.000 36177. 3.000E+01 1.182E+04  .0025
66298. 1902. 64396. 47410. 1.000 36177. 1.000E+00.1%.182E+04 -.0001
66298. 1902.. 64396. 47410. 1.000 36177. 1.000E+00 1.182E+04 .0001
66298. 30389. 35909. 21760. 1.000 20173. 1.000E+00 9.581E+04 .0000
66298. 31068. 35230. 23734. 1.000 19792. 2.670E+02 1.038E+05 .0026
64150. 31068. 33081.  34263. 1.000- 18585. 3.300E+01 1.303E+05 .0003
64150. 31070. 33079. 34283. 1.000 18584. 2.700E+01 1.303E+05 .0002
59772. -31070. 28702. ~ 31815. 1.000 16125. 1.000E+00 2.222E+05 .0000
58992. 31070. 27922. '31800. 1.000 15687. 1.000E+00 2.519E+05 .0000
55364. 31070. 24293. 25433. 1.000 13648. 2.710E+02 4.757E+05 .0006
55364. 31682. 23681. 17402. 1.000 13304. 1.C00E+01 5.703E+05  .0000
55364. 32964. 22400. 17300. 1.000 12584. 1.000E+01 9.414E+05 .0000
55364. 34282. - 21082. 17307. 1.000 11844. 9.000E+00 1.912E+06 .0000
. 55042..  34282. 20761. 18195. 1.000 11663. 7.000E+01 2.231E+06 .0000
- 54965. 34282. 20683. 18463. 1.000 11620. 2.210E+02 2.310E+06 .0001
‘54965. 34317. 20648. 18464. 1.000 11600. 1.000E+01 2.348E+06 L0000
'54965. 34327. 20638. 18463. 1.000 11595. 6.900E+01 2.358E+06 .0000
53963.  34327. 19637. 17393. 1.000 11032. 2.310E+02 3.757E+06 .0001
53963. 34328. 19636. 17401. 1.000 11031. 3.000E+02 3.758E+06 .0001
53963. 34329. 19635. 17413. 1.000 11031. 3.000E+02 3.760E+06 .0001
53963. 34329. 19635. 17413. 1.000 11031. 3.000E+02 3.760E+06 .0001L
53963. 34329. 19635. 17413. 1.000- 11031. 3.000E+02 3.760E+06 .0001
53963. . 34329. 19635. 17413. 1.000 11031. 3.000E+02 3.760E+06 .0001
53963. 41522. 12441. 10688. 1.000 6989. 1.200E+02 1.000E+20 .0000
53963. 43358. . 10605. 9647. 1.000 5958. 6.000E+01 1.000E+20 .0000
53963. 43358. 10605. 9647. 1.000 5958. 1.000E+00 1.000E+20 .0000
53963. '43358. °10605. 9647. 1.000 5958. 8.800E+01 1.000E+20 0000
1 51835. 43358. 8477. 7712. 1.000 4762. 1.400E+02 1.000E+20 .0000
51835. 46000. 5835. 5149. 1.000 3278. 3.000E+02 1.000E+20 .0000
51835. 46000. 5835. 5146. 1.000 ..3278. 9.560E+03 1.000E+20 .0000
51782. 46000. 5783.. 6568. 1.000 3249. 1.000E+01 1.000E+20 .0000
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. TOTAL USAGE FACTOR =

50914. 46000. 4915. 6112. 1.000 2761. 1.000E+01 1.000E+20 0000
50716.- 46000. 4717. 4582. 1.000 2650. 6.000E+01 1.000E+20 .0000
50716. 46000. 4717. 4582. 1.000 2650. 2.280E+02 1.000E+20 0000
46000. 46000. - 0. 0. 1.000 0. 1.320E+02 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 1.000E+04 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 2.000E+03 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 2.000E+03 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 1.000E+01 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 1.000E+01 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 7.000E+01 1.000E+20 .0000
46000. 46000.° 0. 0. 1.000 0. 7.000E+01 1.000E+20 0000
© 46000. 46000. 0. 0. 1.000 0. 1.000E+01 1.000E+20 0000
46000. 46000.- 0. 0. 1.000 ~0. 1.000E+01 1.000E+20 .0000
46000. 46000. 0. 0. 1.000 0. 6.000E+01 1.000E+20 0000 .
46000. 46000. 0. 0. 1.000 0. 6.000E+01 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 1.000E+00 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 1.000E+00 1.000E+20 .0000
46000.  46000. 0. 0. 1.000 0. 1.000E+00 1.000E+20 0000
46000. 46000. 0. - 0. 1.000 0. 2.280E+02 1.000E+20 0000
46000. 46000. 0. 0. 1.000 0. 2.280E+02 1.000E+20 0000
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LOCATION

LOCATION NO.

Table 7: Fatigue Res.ults for Safe End (60 Years)

1 -- SAFE END ‘ ‘
STAINLESS STEEL)

FATIGUE CURVE = 1 (1 CARBON/LOW ALLOY, 2
= 3.0 :
L2
Sm = 17800. psi
Ecurve = 3.000E+07 psi
Eanalysis = 2.810E+07 psi -
Kt = 1.34
MAX MIN RANGE MEM+BEND Ke Salt Napplied "Nallowed U
- 70233. -17681. 87914. 60963. 1.283 74422. 1.000E+01 1.338E+03. .0075
- 70224. -15714. 85938. 60879. 1.280 72869. 1.000E+01 1.415E+03 .0071
. 61955. -12491. 74446. 53128. 1.000- 49383. 1.000E+01 4.568E+03 .0022
58867. -12491. 71359.  52938. 1.000 47700. 1.000E+01 5.094E+03 . .0020
53379. -12491. " 65870. 47699. 1.000 43819. 2.800E+02 6.552E+03 .0427
53379. -11148. 64527. 46869. 1.000 42951. 1.000E+01 6.953E+03 .0014
53379. -10720. 64099. 46361. 1.000 42631. 1.000E+01_7.109E+03 .0014
53379. -9972. 63351. 58588. 1.194 53087. 6.000E+01 3.628E+03 .0165
53379. -9972. 63351. 58588. 1.194 53087.'1.000E+00 3.628E+03 .0003
53379. -9972. 63351. 58588. 1.194 53087. 2.280E+02 3.628E+03 .0628
- 53379. -9060. 62439. 44702. 1.000 41444. 1.100E+01 7.731E+03 .0014
15888. —-9060. 24948.  20209. 1.000 16985. 1.000E+00 1.802E+05 .0000
'14569. -9060. 23629. 17779. 1.000 15840. 1.000E+00 2.410E+05 .0000
-14522. -9060. 23582, 18921. 1.000 16022. 2.870E+02 2.287E+05 . 0013
14522 -3008. 17530. 17358. 1.000 12508, 1.300E+01 9.944E+05 .0000
14396. -3008. 17404. 17229. 1.000 12417. 2.870E+02 1.083E+06 .0003
14396. -971. 15367. 13432, 1.000 10641. 1.300E+01 5.165E+06 .0000
14236. '~971. 15206. 13161. 1.000 10506. 1.000E+00 5.563E+06 .0000
14226. -971. 15196. 13248. 1.000 "10516. 2.860E+02 5.531E+06. .0001
14226. -178. 14404. 14178. 1.000 10262. 1.400E+01 6.379E+06 .0000
13849. -178. 14026. 15036. 1.000 10216. 6.000E+01 6:547E+06 .0000
13849, -178. 14026. 15036. 1.000 - 10216. 1.000E+00 6.547E+06 .0000
13849. -178. 1402e. 15036. 1.000 10216. 2.250E+02 6.547E+06 .0000
13849. -68. 13916. 14943. 1.000 10141. 3.000E+00 6.837E+06 .0000
13754. -68. -13821. 13600. 1.000 9846. 6.000E+01 8.117E+06 .0000
13754. -68. 13821. 13600. 1.000 9846. 2.280E+02 8.117E+06 .0000
13723. - —-68. 13791. 14475. 1.000 9989. 9.000E+00 .7.465E+06 .0000
13723. -65. 13788. 14473, 1.000 9987. 6.100E+01 7.474E+06 1.0000°
12722. -65. 12786, 12548.- 1.000 9103. 1.000E+01 1.729E+07 .0000
12710 -65. 12775. 12579. 1.000 9102. 7.000E+01 1.730E+07 .0000
12652. -65. 12717. 12524, 1.000 9061. 1:590E+02 1.833E+07 .0000
12652, 0. 12652. 12454. 1.000 -9014. 1.230E+02 1.959E+07 .0000
12652. 0. 12652. 12454. 1.000 9014. 1.200E+02 1.959E+07 .0000
12652. 0. 12652. 12454. 1.000 9014. 1.230E+02 1.959E+07 .0000
12652. 339. 12313. 12115. 1.000 8772. 1.230E+02 2.905E+07 .~ ..0000
12652. 784. 11869. 11681. 1.000 8456. 1.200E+02 4.952E+07 .0000
12652. 784. 11869. 11681. 1.000 ‘8456. 1.000E+00 4.952E+07 .0000
12652. 784. 11869. 11681. 1.000 8456. 1.000E+00 4 .952E+07 .0000
12652. 921. 11732. 11542, 1.000 8357. 1.000E+00Q 5.462E+07 .0000
12652. 1328. 11325. 11257. 1.000 8088. 1.000E+00 7.100E+07 .0000
12652. 3370. 9282. 8687. 1.000 6531. 1.000E+01 1.000E+20 .0000
12652. 3563. 9090. 9091. 1.000 6502. 3.000E+02 1.000E+20 .0000
12652. 3563. 9090. 9091. 1.000 6502. 3.000E+02 1.000E+20 .0000
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I_ o 12652. 3563. '9090. 9091. 1.000 . 6502. 3.000E+02 1.000E+20 0000
: 12652.- 3563. 3080 9091. 1.000 6502. 3.000E+02 1.000E+20 0000
' 12652. 3564, 9089. ~ 9090. 1.000 6501. 3.000E+02 1.000E+20 0000
l » 12652. 3565. 9088. -1740. 1.000 4535. 3.000E+02 1.000E+20 0000
12652. 3896. 8756. 8613. 1.000 . 6237. 3.000E+02 1.000E+20 0000
12652. 5058 . 7594. 8038. 1.000 5513. 7.000E+01 1.000E+20 0000
I 12652. 5171 7481. 7424. 1.000 5341. 7.048E+03 1.000E+20 0000
' 12650. 5171. 7479, 7421. 1.000 - 5339. 1.000E+01 1.000E+20 0000
12648. 5171. 7477. 7420. 1.000 5338. 2.000E+03 1.000E+20 0000
: : 12642. 5171. 7471 .- 7411. 1.000 5333. 7.000E+01 1.000E+20 0000
l ] - 12642. 5171. 7471. 7411. 1.000 5333. 7.000E+01 1.000E+20 0000
12642.. 5171. 7471. 7411. 1.000 5333. 6.000E+01 1.000E+20 0000
’ 12642. 5171. 7471. 7411.-1.000 5333. 6.000E_+01 1.000E+20 0000
‘ 12642. 5171. 7471. 7411. 1.000 5333. 1.000E+00 1.000E+20 0000
l o 12642. 5171. 7471. . 7411. 1.000  5333. 1.000E+00 1.000E+20.° 0000
12642. - 5171. 7471, 7411. 1.000 5333. 2.280E+02 1.000E+20 0000
12642. 5171. 1471, 7411. 1.000 5333. 2.280E+02 1.000E+20 0000
l 12641. 5171. ~ 7470. 7412. 1.000 '5333. 2.240E+02 1.000E+20 0000
12641. 5214. T427. 7382. 1.000 5304. 1.000E+01 1.000E+20 0000

: . 12641. 5232. 74009. 7370. 1.000 5293. 2.000E+03 1.000E+20 0000 -
i 12641. 5311. 7330. 7329. 1.000 5243. 1.000E'+0V1 1.000E+20 0000
I .. 12641. 6442 . 6200. 6078. 1.000 4412, 1.000E+01 1.000E+20 0000
' 12641. 6667. 5975. 5872. 1.000 4273. 3.000E+02 1.000E+20 0000
: 12641. 6764. 5878. 5880. 1.000 4205. 7.000E+01 1.000E+20 .0000
l 12641. 9690. 2951. 3031. 1.000 2126. 1.000E+00 1.000E+20 0000
12641, 10119. 2522. 2541. 1.000 1808. 1.200E+02 1.000E+20- 0000
: ' “12641. 11247. 1394. 1393. 1.000 997. 1.000E+01 1.000E+20 0000
12641. 11256. 1385. 1384. 1.000 991..3.000E+02 1.000E+20 0000 .
' 12641. 11258. 1383. "1386. 1.000 990. 7.000E+01 1.000E+20 0000
12641. 11281. '1360. 1360. 1.000 973. 1.000E+01 1.000E+20 0000
112641. 11403. 1238. 1281. 1.000 894. 3.000E+02 1.000E+20 0000
I 12641. 11550. 1092. 1130. .1.000 788. 2.000E+03 1.000E+20 0000
12641. 11911. 731. 1034. 1.000 578. 1.000E+4+01 1.0_00E+20 Q0000
. 12641. 11937." 705. 761. 1.000 514. 4.555E+03 1.000E+20 0000
' 12641. 11937. 705. 761. 1.000 514. 5.445E+03 1.000E+20 .»OOOO
I. 12641. 11992. 649. 635. 1.000 462. 1.000E+01 1.000E+20 0000
12641, 12020. 621. 610. 1.000 442. 6.000E+01 1.000E+20 .0000
. .12641. 12020. 621. 610. 1.000 442. 1.000E+00 1.000E+20 0000
-12641. 12020. 621. 610. 1.000 442. 2.280E+02-1.000E+20 0000
l 12641. 12640. 1. 0. 1.000 1. 3.000E+02 1.000E+20 0000
12641. 12641. 0. 0. 1.000 0. 3.956E+03 1.000E+20 0000
12641. 12641. 0. - 0. 1.000 0. 2.000E+03 1.000E+20 0000
. 12641. 12641. 0. 0. 1.000 0. 2.000E+03 1.000E+20 0000
12641. 12641. 0. 0. 1.000 0. 1.000E+01 1.000E+420 0000
12641. 12641. - 0. 0. .1.000 0. 1.000E+01 1.000E+20 0000
I 12641. 12641. 0. 0. 1.000 0. 1.000E+00 1.000E+20 .0000
TOTAL USAGE FACTOR = 1471
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Note: A typical set of two Green’s Functions is shown, each for a different set of heat transfer coefficients (representing
-~ different flow rate conditions).
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Figure 1: Typical Green’s Functions for Therm:_il Transient Stress
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Figure 2: Typical Stress Response Using Green’s F unctions
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F igureé: ‘External Forces and Moments on the Feedwater Nozzle
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30 Stress.exe program calculates steady state values at

‘|beginning of transients. The time length for this
transient can therefore be any value greater than zero.
The chosen length of 10 seconds has no significance

20 " Jas there is no temperature change during this transient.
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Figure 4: Transient 1, Bolt-up
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Figure 5: Transient 2, Design HYD Test
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at a steady state of 549°F. No
fength of time for the 549°F
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The pressure between this.
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Figure 7: Transient 4, Turbine Roll and Increased to Rated Power
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Figure 8: Transient 5, Daily Reddction 75% Power
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, Figure 9: Transient 6, Weekly Reduction 50% Power
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Figure 10: ‘Transient 9, Turbine Trip at 25% Power
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Figure 11: Transient 10, Feedwater Bypass
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Figure 12: Transient 11, Loss of Feedwater Pumps
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Figure 13: Transient 12, Turbine Generator Trip
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Figure 15: Transient 19, Reduction to 0% Power
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Figure 16: Transient 20, Hot Standby (Heatup Portion)
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Figure 17: Transient 20A, Hot Standby (Feedwater Injection Portion)
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Figure 18: Transient 21-23, Shutdown
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Figure 19: Transient 24, Hydrostatic Test
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Transient Table xls Definition of Transients _ ' In Computer files

BRresults.xls Blend Radius Stress Summary =~ In Computer files
SEresults.xls Safe End Stress Summary , In Computer files
TRANSNT XX.INP | Input File for Each Transient - ' In Computer files
Green.dat ] Input File for Green Functions - In Computer files -
P-V XX.OUT : Output File for Stress Analysis .| In Computer files -
GREEN.CFG Input File for Defining Green Function ' In Computer files
FATIGUE.CFG Input File for Defining Fatigue Analy31s In Computer files'
FATIGUE.DAT Input File for Fatigue Curves : In Computer files
FATIGUE.inp Input file for Fatigue Analysis from BRresults. xls or In Computer files
' SEresults.xls _
FATIGUE.OUT Fatigue Output File " o In Computer files

Where XX is defined for each tfansient.
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1.0 OBJECTIVE

"The objective of this calculation is to create a finite element model of the Vermont Yankee Nuclear
Power Station recirculation outlet nozzle. This model will be used to develop a Green’s Function to
‘beused ina subsequent fatigue analys1s

2.0 .'GEOMETRY / MATERIAL PROPERTIES

‘A 2-D axisymmetric finite element model (FEM) of the nozzle was developed with element type A
'PLANE182. The developed model includes the safe end, the nozzle forging, a portion of the vessel
shell, and cladding. The. model used the vessel radius multlphed by a factor 2.0 due to the model
being axisymmetric.

The 2-D axisymmetric FEM was constructed using the dimensions and mformatlon from References
[4 and 5] based on ANSYS [2] finite element software Figure 1 shows the resulting ﬁmte element
model.

The materials of the various components of the model are listed below:

o  Safe End - SA182 F316 [4] (16Cr-12Ni-2Mo)

e - Piping — SA376 TP316 [7] (16Cr-12Ni-2Mo) <

e Nozzle Forging — SA508 Class 2 [5] (3/4Ni-1/2Mo-1/3Cr-V) -
e  Vessel —SA533 Grade B [6] (Mn-1/2Mo-1.2Ni)

e  Cladding ~ SA240 Type 304 [1, Sheet 7] (18Cr-8Ni)

Material properties for these materials are based upon the 1998 ASME Code, Section II, Part D, with
2000 Addenda [3] and are shown in Table 1. The properties are taken at an average temperature of
300°F. This average temperature is based on a thermal shock of 500°F to 100°F which will be
applied to the FEM model for Green’s Function development.

3.0 PROGRAM INPUT

The input file, RON_VY.INP (1ncluded in Appendlx A),.creates the ﬁmte element model for the _
recirculation outlet nozzle.
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4.0

REFERENCES
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1. GE. Stress Report No. 23A4316, Revision 0, “Reactor Vessel Recirculation Outlet Safe End,”
: SI File No. VY-16Q-204. : .
2. ANSYS, Release 8.1 (w/Service Pack 1), ANSYS Inc., June 2004. _
3. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code Section II, Part
- D, 1998 Edition, 2000 Addenda.
4.  Vermont Yankee Drawing 5920-06623, Rev. 0, (Hltachl Ltd. Drawmg No IOR290 127),
: “Recirc. Outlet Safe End,” SI File No. VY-16Q- -204.
5. -Vermont Yankee Drawing 5920-00238, Rev. 4, (Chicago Brldge & Iron Company, Contract
No. 9-6201, Drawing No. 21), “36”x28” Nozzles Mk N1A/B,” SI File No. VY-16Q-204.
6.  Vermont Yankee Drawing 5920-05752, Rev. 3, “Vessel & Attachments Materlal
Identifications,” SI File No. VY-16Q-209. :
7.- -SIFile No. VY-16Q-103, “Vermont Yankee Comments on VY- 16Q 304.”
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Table 1: Material Properties @ 300°F

: SAS533 Gradé B SA508 Class2 - | SA240 Type - SA182 F316/
Material (Mn-1/2Mo- (3/4Ni-1/2Mo- 304 SA376 TP316
1/2Ni) _ 113Cr-V) . (18Cr-8Ni) | (16Cr-12Ni-2Mo)
Modulus of o _ : -
Eiasticity, e-6 psi 28.0 | 26.7 27.0 270
Coefficient of .
Thermal | »
Expansion, e-6, . [ 73 9’8_ 9'8,
infin/°F ’ '
-Thermal S ' ' _ i .
Conductivity, - 234 234 ‘ 9.8. 93
Btuthr-ft-°F |, - , ‘ ' . _
TR s 0.401- 0401 | 0160 0.150
- Specific Heat, : ' : o '
Btu/lb-°F @ _ 0.119 | 0.119 Q.125 _ 0.127
Density, Ib/in? - 0.283 0.283 - 0283 0.283
Poisson'sRatio | - - 03 - | 0.3 03 ' - 03

Notes: : :

1. The material properties applied in the analyses are taken from ASME Section I Part D 1998 Edition with -
2000 Addenda. ThlS is consistent with information provided in the Design Input Record (page 13 of VY EC
No. 1773, SIF ile No. VY- 16Q-209). The use of a later code edition than that used for the original design code
is acceptable since later editions typically reflect more accurate material properties than was published in prior
Code editions. Material Properties are evaluated at 300°F from the 1998 ASME Code, Section II, Part D, with
2000 Addenda, except for density and Poisson's ratio, which are assumed typical values.

2. Calculated as [k/(pd)]/123
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HET RO

Recire Sutles Hozzlés Pipits Blekerit

Figure 1: ANSYS Finite Element Model
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APPENDIX A

RON_VY.inp
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finish

/clear,start

/prep7

/tltle Recnrc Outlet Nozzle Finite Element Model

 /com, PLANE182,2-D Solid
et,1,PLANEI182,,,1 !Axisymmetric

) /COm, ****************************

- /com, Material Properties @T=300F

"/com, ****'*,***********************

/COM, Material #1 (Safe-End and Piping) SA-182 F316 (l6Cr—l2Nl 2M0)
- mp;ex,1,27E+06 N

mp,alpx,1,9.8E-06 :

mp,kxx,1,9.3/3600/12

mp,c,1,0.127

mp,nuxy,1,0.3

mp,dens,1,0.283

/COM, Materlal #2 (Nozzle Forgmg) SA-508 Class 2 (3/4N1-1/2M0 l/3Cr-V) : -
mp,ex,2,26.7E+06 , , I
mp,alpx,2,7.3E-06 ' ' : ;
mp,kxx,2,23.4/3600/12 : : : ' '

mp,c,2,0.119 - , g I

mp,nuxy,2,0.3
. mp, dens 2,0.283

/COM, Material #3 (Claddmg) SA-240 Type 304 (18Cr-8Ni)
mp,ex,3,27E+06
mp,alpx,3,9.8E-06
. mp,kxx,3,9.8/3600/12
. mp,c,3,0.125
mp,nuxy,3,0.3
" mp,dens,3,0.283

/COM, Material #4 (Vessel) SA-533, GR. B (Mn 1/2Mo-1/2Ni)
mp,ex,4,28.0E+06
mp,alpx,4,7.7E-06
" mp,kxx,4,23.4/3600/12
mp,c,4,0.119
‘mp,nuxy,4,0.3
mp,dens 4,0.283

*AFUN,DEG
/com, *** Geometric Parameters *** :

“*set,vira ( 103+3/16) !Actual Vessel Inner Radius to base metal used for model
*set,vir,2.0¥vira - . 12.0 time of Vessel Inner Radius to base metal used for model
*set,tvw,5+5/8-3/16 - 1Vessel Wall Thickness
*set,ril,25.75/2
*set,rol,28.375/2
*set, 1,5 ,

*set,ro02,28.375/2
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*set,1.2,4.25
" *set,r03,28.875/2

*set,r04,48.75/2
*set,[.3,1.5
*set,[.4,5.25

- *set, LS, 7+1/16
*set,L6,12+13/16
*set,L7,9+7/8 -
*set,.8,9+3/8 -
*set,.9,31+15/16

~ *set,L10,L.9-12-13/16-tvw
*set,ra,7
*set,rb, 1
*set,rc,5.25
*set,rd,2.5
*set,tv,3/16
*set,dimA, vir-(tv*2:0)+L9+1 1+L1 IVessel Centerlme to End of Safe End used for model

Co¥set, 21,1 -
*set,1.22,4.25
*set,ri21,(25+15/16)/2

/com, Fk o ok o o ok o ok s oK R K KRR R R R ok ok R ok Rk sk kbR kR ok ok sk ook sk ok ok ok ok

/com, Geometry
/com, ******************************************************************

local,13,0,,dimA,,,,
' csys,l3

/corﬁ, Begin at end of Safe-End - Carbon Section

\IO\U!V-D-L»JN——
=
=
]
- * "
Vo~
g
-
—
N’

k
. k,
,8, ril+tv,-1*(dimA-L1-L2) -

, 102, -1*(dimA-L1-L2)
0, ril, -1*(dimA-L1-L2-L3)
1, ril+tv, -1*(dimA-L1-L2-L3)’

k
k
k, 1
k 1
k, 12, ro3, -1*(dimA-L1-L2-L3)
k, 13, ril, -1*(dimA-L1-L2-L3-L4)
14, ril+tv, -1¥(dimA-L 1-L2-L3-L4)

|

l

1

1

\OOO

k

k, 15, ro3, -1*(dimA-L1-L2-L3-L4)

k. 16, ril, -1*(dimA-L 1-L2-L3-L4-L5)

k, 17, ril+tv, -1*(dimA-L1-L2-L3-L4-L5)

k18,103, -{(@imA-LI-L2-L3-14.LS)

k,19, . rod, —1*(dimA—L1-L2-L3-L4—L5-L7~)! Temporary Point
1,19,18 ' :

1,18,15

Ifillt,1,2,ra - :
k.22, ro4+(L8+6)*tan(15) -1*%(dimA-L1-L2-L.3-L4-L5-L7-(L8+6))
1,19,22 S
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LFILLT,1,4,rb

k, 25, ril, -1*(dimA-L1-L2-L3-L4-L6)
-k, 26, ril+tv, -1%(dimA-L1-L2-L3-L4-L6)

k, 27, ril-+H{L10+tvw-+tv+4)*tan(15), -1*(vir-tv-4)
k, 28, ril +v+(L10+tvw-+tv+4)*tan(15), -1 ¥(vir-tv-4)

k29, (Vir+tvwHtv)*sin(4S), -1 %(vir+tvw+tv)*cos(45)
k.30, O0,-1*(virttvw+tv) ! Temporary Point
k,31, 0,0! Temporary Point

larc,29,30,3 1 vir+tvw+tv

k32, (virttv)*sin(d5), -1 %(vir+tv)*cos(45)
k.33, * 0,-1*(vir+tv) ! Temporary Point
larc,32,33,31,vir+tv .

- k.34, vir¥sin(45), -1*vir*cos(45)
k,35, O0,-1*vir ! Temporary Point
larc,34,35,31,vir

LSTR, 4, 5
LSTR, S5, 6
LSTR, 6, 9
LSTR, 9, 12
LSTR, 12, 15
" LSTR, S,
LSTR, 4,
LSTR, 7, 10
LSTR, 8, Il
LSTR, 11, 14

LSTR, 10, 13
LSTR, 13, 16
LSTR, 14, 17
LSTR, 16, 25
- 'LSTR, 17, 26

LSTR, 26, 28
LSTR, 25, 27
LSTR, 4, 1
LSTR, 1, 2
LSTR, 2, 3
LSTR, 3, 6
LSTR, 5, 2
LSTR, 7, 8
LSTR, 8, 9
CLSTR, 12, 11

'LSTR, 11, 10
LSTR, 13, 14
LSTR, 14, I5

FLST,2,2,4,0RDE,2

FITEM,2,4

FITEM2,6
'LPTN,P51X

File No.: VY-16Q-304 ' . Pagc AdofA20
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FLST,2,2,4,0RDE,2
FITEM2,8
FITEM,2,25
LPTN,P51X

' FLST,2,2,4,0RDE,2
" FITEM2,7

* FITEM,2,24
LPTN,PS1X

FLST,2,6,4,0RDE,6
FITEM,2,6
FITEM,2,25
FITEM,2,37
FITEM,2,40
FITEM,2,42
FITEM,2,44
LDELE,P51X,, 1

1*
LFILLT4,41,1d,,

ok
LFILLT,43,8,1d, ,
1*

LFILLT,39,38,rc,,

'FLST,2,3,4,0RDE,3
FITEM,2,1
FITEM,2,3
FITEM,2,5
LCOMB,P51X, ,0
LSTR, 16, 17
LSTR, 17, 21
LSTR, 25, 26
LSTR, - 26, 24
LSTR, 22, 30
LSTR, 30, 35 .
LSTR, 27, 28
LSTR, 28, 33
LSTR, 29, 32
LSTR, - 32, 34

k.39, 0, -1*(vir+tvw+tv)

{Create Areas
FLST]2,4,4
FITEM,2,27
FITEM,2,30
"FITEM,2,26
FITEM,2,9
AL,PS1X
FLST2,4,4
FITEM,2,28
FITEM,2,29
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FITEM,2,10 '
FITEM,2,30
AL.PSIX l
FLST,2,4.4
FITEM,2,11
FITEM,2,32
FITEM,2,10 l
FITEM,2,14
AL,PSIX
© FLST,2,4.4 I
FITEM,2,15
FITEM,2,14
FITEM,2,9
FITEM,2,31 '
AL.P51X
FLST,2,4.4 :
_ FITEM,2,32 I
"FITEM,2,33
FITEM,2,12
FITEM2,17
. AL,P51X : . ‘ § I
FLST22,4.4 } o : S
FITEM,2,16 ' _ : _
. FITEM,2,17 ' : : _ ,
. FITEM,2,31 . , _ . , l
FITEM,2,34 o o | | . | |
" AL,PS1X : ' S .
FLST244 - - . . S , l
FITEM,2,36.
FITEM,2,13
" FITEM,2,33
FITEM,2,18 l
AL.PS1X
FLST,2,4,4
FITEM,2,19 l
FITEM,2,18
FITEM,2,35
FITEM,2,34
ALPSIX I
FLST,2,4,4 ,
"FITEM,2,2 :
FITEM,2,5 I
FITEM,2,36 _
FITEM,2,21
AL,P51X
FLST,2,4,4 I
FITEM,2,20
FITEM,2,21
FITEM,2,3 l
' FITEM,2,35
ALP51X
- FLST2,4,4
-FITEM,2,1 I
FITEM,2,37
FITEM,2,23 I
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. FITEM,2,5

ALP51X
FLST2,4,4
FITEM,2,22
FITEM,2.23
FITEM,2,.25
FITEM,2,3
ALPS1X
FLST,2,4,4
FITEM,2,38

_ FITEM,2,42

FITEM,2,37
FITEM,2.8
ALPSIX"
FLST,2,4.4
FITEM,2.4
FITEM,2,8
FITEM,2,25
FITEM,2,40
ALP5S1X
FLST 244
FITEM,2,24
FITEM,2,45
FITEM,2,7
FITEM,2,42
‘AL,P51X
FLST,2,4,4
FITEM,2,6
FITEM,2,7
FITEM,2,44

- FITEM,2,40

ALPSIX
FLST,2,4,4
FITEM,2,41

-FITEM,2,43

FITEM,2,47
FITEM,2,44
AL,PSI1X
FLST,2,4,4

-FITEM,2,39

FITEM,2,46

 FITEM,2.45
FITEM,2,43

AL,P51X

! define materials
FLST,5,8,5,0RDE,2
FITEM,5,1
FITEM,5,-8
CM,_Y,AREA
ASEL, ,,,P51X
CM, Y1,AREA
CMSEL,S, Y

kS

CMSEL,S, Y1
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AATT, I,, 1, O,
CMSELSS, Y
CMDELE, Y
CMDELE, Y1

1%
FLST,5,5,5,0RDE,5
 FITEM,5,9 |
FITEM,S, 11
'FITEM,5,13
FITEM,S,15
FITEM,5,18
CM,_Y,AREA
ASEL, , , ,PS1X
CM, Y1,AREA
CMSEL,S, Y

I * '
CMSELS, YI
AATT, 2,, 1, 0,
CMSEL,S, Y .
CMDELE, Y
CMDELE,_Y1

c | - 1
FLST,5,5,5,0RDE,5 ' - ' . S 5 o
FITEM,5,10 : : - :

FITEM,S,12 . . _ : ' .
FITEM,5,14 , , : .
FITEM,5,16 : o ' S '

FITEM.S,-17 S l
CM, Y,AREA

- ASEL,,, ,PS1X

CM, Y1,AREA

CMSEL,S, Y l
1%

CMSEL,S, Y1 _

AATT, 3,, 1, O, I
CMSEL,S, Y

CMDELE, Y

CMDELE, Y! . I

1%

!/com, Map mesh areas
FLST,5,10,4,0RDE,10
FITEM,S,S '
FITEM,5,10
FITEM,5,28
FITEM,5,32
FITEM,5,-33
FITEM,S,36
FITEM,S5,-37
FITEM,5,42
FITEM,5,45
FITEM,5,-46

CM, Y,LINE
LSEL,,,,P51X

CM, YL,LINE
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i

CMSEL,, Y

!* .
LESIZE, Y1,,,15,,,,,1
I* '
FLST,5,10,4,0RDE,10
FITEM,5,3

FITEM,5.,9

- FITEM,S,25

FITEM,5,27 -
FITEM,5,31
FITEM,S,34
FITEM,S,-35
FITEM,5,40
FITEM,5,44
'FITEM,5,47

CM, Y,LINE

LSEL,, , ,PSIX

CM, YI,LINE
CMSEL,,.Y

!*

LESIZE, Y1,,.2,,,,,!
1% : '
FLST,5,3,4,0RDE,3
FITEM,5,39
FITEM,5,41
FITEM,5,43 * -

'CM,_Y,LINE

LSEL,,, PSIX
CM, YI,LINE
CMSEL,, Y

'*

LESIZE,_Y1,,.,80,,,,,1

FLST,5,3,4,0RDE 3
FITEM;,5,6
FITEM,S,-7

- FITEM,5,24

CM,_Y,LINE
LSEL,,, ,P51X
CM, Y1,LINE

'CMSEL,, Y

!*

LESIZE’_YI’ 2 )20, 239 ,1
!* .
FLST,5,3,4,0RDE,3
FITEM,S,4

FITEM,5,8

- FITEM,S,38

CM,_Y,LINE
LSEL,,,,P51X

- CM,_Y1,LINE

CMSEL,,_Y

| %

LES[ZE:_YI’ > a4077> 33 al

1%
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FLST,5,3,4,0RDE3
- FITEM,5,1

FITEM,5,22
FITEM,5,-23

CM, Y,LINE
LSEL,,, ,P51X
CM,_Y,LINE
.CMSEL,, Y

!*

LESIZE, Y1,,,30,,,,,]
g *
FLST,5,6,4,0RDE,6
FITEM,S5,2
FITEM,5,20
FITEM,5,-21
FITEM,5,26
FITEM,5,29
FITEM,5,-30
CM,_Y,LINE
LSEL,,, P51X
CM, YI,LINE
CMSEL,,

! * : .
LESIZE,_Y1,, 40,,,,,1
1%
FLST,5,9,4,0RDE,2
FITEM,5,11
FITEM,5,-19
CM,_Y,LINE
LSEL,,,,P51X
CM, Y1,LINE
CMSEL,, Y

(K]

LESIZE, Y1,, 20,,,,,1

1%

! Meshing .
FLST,5,18,5,0RDE,2
FITEM,5,1
FITEM,5,-18
CM,_Y,AREA
ASEL, ,, ,P51X
CM,_Y1LLAREA
CHKMSH,'AREA'
CMSEL,S, Y
L
MSHKEY,1
AMESH, Y1
MSHKEY 0

!*

CMDELE, Y
CMDELE, Y1
CMDELE, Y2

1%
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il N I BN B B s

{Modify the safe end ID
FLST,2,6,5,0RDE,2
FITEM,2,1

FITEM,2,-6
ACLEAR,P51X
FLST,2,6,5,0RDE2 -
FITEM,2,1

"FITEM,2,-6

ADELE,PS1X
FLST,2,9,4,0RDE,7
FITEM,2,9
FITEM,2,14
FITEM,2,-17
FITEM,2,26
FITEM,2,-27
FITEM,2,30
FITEM,2,-31
LDELE,PS1X, , .1

FLST,2,3,4,0RDE,3 .
FITEM,2,10
FITEM,2,28
FITEM,2,32
LDELEPS1X,,,1 |
FLST,3,2,3,0RDE,2
FITEM,3,3 o
FITEM,3,6 -

KGEN,;2,P51X, , ,-ro2+ri2l,,, 0.

FLST,3,1,3,0RDE,1
FITEM,3,2

" KGEN_2,P51X,,,,L22,,.0

FLST,3,3,3,0RDE,3
FITEM,3,1

 FITEM,3,-2

FITEM,3,4 :
KGEN2,P51X, , tv, ., ,0
FLST,3,2,3,0RDE2
FITEM,3,10
FITEM,3,-11
KGEN22,P51X, , , ,(L3-L.21),, ,0
FLST,3,1,3,0RDE,1
FITEM,3,23
KGEN2,PS1X,,5,,, .0
LSTR, 23, ‘40
FLST,2,2,4,0RDE 2
FITEM,2,9
FITEM.2,12
LPTN,PSI1X

LDELE, 16,,,1
FLST2,4,3
FITEM,2,11
FITEM,2,23
FITEM,2,41
FITEM,2,12

A,P51X
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FLST22,43 -
FITEM2.23 .
FITEM2,8
FITEM,2,9
FITEM2,41
A,P51X
FLST,2,4,3
FITEM,2,8
FITEM,2,7 -
FITEM,2,6
FITEM,2,9
APSIX
FLST,2,4,3
FITEM,2,7
FITEM,2,5
FITEM2,3
FITEM,2,6
AP51X
FLST2,4,3
FITEM,2,10
FITEM,2,20
FITEM,2,23
FITEM2,11
“APSIX
FLST,2,4,3
FITEM,2,20

FITEM,2,8
FITEM,2,23
APSIX
FLST2,4,3
FITEM,2,4
FITEM,2,2
FITEM,2,7
FITEM,2,8
A,PS1X
FLST2,4,3
FITEM,2,2
FITEM,2,1
FITEM,2,5
FITEM,2,7
AP51X
FLST,5,8,5,0RDE 4
FITEM,S,1
FITEM,5,-6
FITEM,S,19
FITEM,5,-20
CM,_Y,AREA
ASEL, ,, ,PSIX
CM, Y1,AREA
CMSEL,S, Y

!* .

CMSEL,S, Yl
AATT, I, 1, O,
CMSEL.S, Y '

FITEM,2.4 | | C S . . l
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CMDELE, Y
CMDELE,_Y1

1% '
FLST,5,4,4,0RDE 4
FITEM,S,15
FITEM,S-16
FITEM,S,26

. FITEM,5,28
CM,_Y,LINE
LSEL,,, ,PS1X
CM,_YL,LINE
CMSEL,, Y
!*

LESIZE, Y1,,,15,,,,,1
1%

. FLST,5,4,4,0RDE 4
FITEM,S,31
FITEM,5,48
FITEM,5,50
FITEM,5,52

" CM,_Y,LINE
LSEL,,, ,PS1X
'CM,_YL,LINE

~  CMSEL,, Y
1%

LESIZE, Y1,,,2,,,,,1
(3
FLST,5,6,4,0RDE,6
FITEM,S,9-
FITEM,S,-10
FITEM,S,12
FITEM,5,14
FITEM,5,30

FITEM,5,32

- CM,_Y,LINE
LSEL,,, ,P5S1X

CM,_Y1,LINE

"~ CMSEL,, Y

1* '

LESIZE, Y1,,.6,,,,,1
1%
FLST,5,3,4,0RDE,3
FITEM,S;11

" FITEM,5,17
FITEM,5,49
CM, -Y,LINE
LSEL,,,,P51X
CM, Y1,LINE.

© CMSEL,,_Y

1%

LESIZE,_Y‘, E] 712, 232 ,l N
!* .
FLST,5,3,4,0RDE,3
FITEM,5,27

FITEM,5,29
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FITEM,5,51
CM,_Y,LINE
LSEL,,, PSIX
CM, YL,LINE
CMSEL,, Y

!*

LESIZE, Y1,,,25,,,,,1
1%
FLST,5,8,5,0RDE 4
FITEM,S,1
FITEM,5,-6
FITEM,S,19
FITEM,5,-20

CM, Y,AREA
ASEL,,, P51X
CM, Y1,AREA
CHKMSH, AREA'
CMSEL,S; Y

AEE

. MSHKEY, 1.
AMESH,_Y1
MSHKEY,0

1%

CMDELE, Y
CMDELE, Y1
CMDELE, Y2

1%

FLST,2,2,5,0RDE2

FITEM2,17

FITEM,2,-18
 ACLEAR,PSIX

csys,0

"k, 51,62/2,0,0

-k, 52,62/2,60,0
LSTR, 51, 52
'FLST,2,2,5,0RDE,2
FITEM,2,17
FITEM,2,-18

" ADELE P51X

* Iplo
FLST,2,4,4,0RDE 4
FITEM,2,39
FITEM,2,41
FITEM,2.43
FITEM,2,53
LPTN,P51X
FLST,2,2,4,0RDE,2
FITEM,2,60
FITEM,2,-61
LDELE,P51X,, .1
-FLST.2,4,4
FITEM,2,54

- FITEM,2,62
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FITEM,2,55
FITEM,2,44
ALP51X
FLST,2,4,4
FITEM,2,55
FITEM,2,63
" FITEM,2,58
FITEM,2,45
ALPSIX.
FLST,2,4,4
FITEM,2,63
FITEM,2,56
FITEM,2,57
FITEM,2,46
AL P51X
FLST,2,4,4
'FITEM,2,47
FITEM,2,59
FITEM,2,57
FITEM,2,62
"AL,PSIX

CM,_Y,AREA -

" ASEL,,,, 18

- CM,_ Y1,AREA
CMSEL,S, Y

!*

CMSEL,S, Y1
CAATT, 2,, 1, 0
CMSEL,S, Y :
CMDELE, Y
CMDELE, Y1

1%
FLST,5,2,5,0RDE,2
FITEM,5,17
FITEM,5,22"

© CM,_Y,AREA
ASEL, ,, ,P51X
CM,_Y1,AREA
CMSEL.S, Y

!*

CMSEL,S, Y1
AATT, 3,, 1, o0,
CMSEL,S, Y
CMDELE, Y
CMDELE, Yl

1k i

CM, Y,AREA
ASEL,,,, 21

CM, Y1,AREA
CMSEL,S, Y

1* .
CMSEL,S, Y1.
AATT, 4,, 1, o0,
'CMSEL,S, Y
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CMDELE,_Y
CMDELE, Y1
1%
" FLST,5,3,4,0RDE,3
. FITEM,5,54
FITEM,5,-55
FITEM,5,58
CM,_Y,LINE
LSEL,,, ,P51X
CM,_Y1,LINE
CMSEL,, Y
!* .
LESIZE, Y1,, 8,,,,,1
1% . X |
FLST,5,3,4,0RDE,3
FITEM,S5,56
FITEM,5,-57
FITEM,5,59
CM,_Y,LINE
LSEL,,, ,P51X .
CM,_Y1,LINE
"CMSEL,, Y
- LESIZE, Y1,, 40,,,,,1
L .
- FLST,5,2,5,0RDE,2
FITEM,5,17 -
FITEM,5,-18
CM,_Y,AREA
ASEL, , , ,P51X
CM, Y1,AREA
. CHKMSH,'AREA'
CMSEL,S, Y
(L
MSHKEY,1
AMESH, Y1
MSHKEY,0
I %
' CMDELE, Y
'CMDELE,_Y1
'CMDELE, ‘Y2
e
FLST,5,2,5,0RDE,2
FITEM,5,21 -~ -
FITEM,5,-22
CM,_Y,AREA
ASEL, ,, ,P5IX
CM, YI1,AREA
CHKMSH,'AREA'
CMSELS, Y
1* .
MSHKEY,1
"AMESH,_Y1
MSHKEY.,0

!*
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Al I N IE B Iy EE

CMDELE, Y

" CMDELE,_Y1

CMDELE, Y2

!*

!Simulating Butter
FLST,2,2,5,0RDE,2
"FITEM,2,9
FITEM,2,-10
ACLEARP51X
FLST,2,2,5,0RDE,2
FITEM,2,9 -
FITEM,2,-10
ADELEP51X

"KGEN,2,15, ,,,11/16,,,0
KGEN,2,44,,,,-025,,.0 4
KGEN,2,14,,,,11/16-1.375*tan(7.5), , ,0

) KGEN,2’463 3 ’_0'257 E] aO

FLST,2,3,4,0RDE,3
FITEM,2,2
FITEM,2,20
FITEM,2,-21
LDELE,P51X
LSTR, 21, 44 .
LSTR, 44, 45
LSTR, 45, 15

"LSTR, 17, 46

LSTR, 46, 47
LSTR, 47, 14
LSTR; 46, 44
LSTR, 45, 47
LSTR, 13, 16
FLST,3,2,3,0RDE,2
FITEM,3,46
FITEM,3,-47
KGEN,2,P51X, , ,-0.25,,, .0
LSTR, = 48, 46

LSTR, 49, 47
FLST,2,3,4,0RDE,3
FITEM,2,61

"FITEM,2,64

FITEM,2,-65
LPTN,P51X
FLST,2,2,4,0RDE,2
FITEM22,70
FITEM,2,-71
LDELE,PS1X, , .1
FLST,2,4,4
FITEM,2,67

. FITEM,2,39

FITEM,2,68
FITEM,2,3
ALP51X
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FLST,2,4.,4
FITEM,2,39
FITEM,2,5
FITEM,2,2
FITEM,2,53
AL,P51X
FLST,2,4.4
FITEM,2,20
FITEM,2,60
FITEM,2,53
FITEM,2 41
ALPSIX
FLST2,4,4
FITEM,2,72
FITEM,2,68
FITEM,2,69
FITEM,2,41
. ALPSIX
FLST,2,4,4
FITEM,2,21
FITEM,2,60
'FITEM,2,36
FITEM,2,43
AL,PS1X
FLST2,4,4
FITEM,2,66
FITEM,2,69
FITEM,2,35
FITEM,2,43
- AL,P51X

CM, Y,AREA

" ASEL,,,, 10
CM, Y1,AREA

" CMSEL,S, Y
1* :
CMSELS, Y1
AATT, 2,, 1, 0,
CMSEL,S, Y
CMDELE, Y
CMDELE, Y1

1%
FLST,5,3,5,0RDE,3
FITEM,5,9
FITEM,5,23
FITEM,5,-24
'CM,_Y,AREA
ASEL, ,, ,PSIX
CM, Y1,AREA
CMSEL,S, Y

!*

CMSEL,S, Y1
“AATT, 3,, 1, O,
CMSELS, Y

- CMDELE,_Y
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CMDELE, Y

1% .

. FLST,5,2,5,0RDE,2 .

FITEM,5,25
FITEM,5,-26
CM,_Y,AREA

ASEL,,, ,P51X

CM, Y1,AREA
CMSEL,S, Y

T

CMSEL,S,. Y1
AATT,. 1,, I, 0O,
CMSEL,S, Y '
CMDELE, Y
CMDELE, Y1

1%
FLST,5,3,4,0RDE,3
FITEM,5,2 ‘
FITEM,5,39
FITEM,S5,67

CM, Y,LINE

LSEL,,, ,P51X

CM, Y1,LINE
CMSEL,, Y

V LESIZE,__YI, ,‘,10’ 293 51

ER
FLST,5,6,4,0RDE,6
FITEM,S,20
FITEM,S,-21

" FITEM,5,41
FITEM,5,43

FITEM,S,66
FITEM,S5,72
CM, Y,LINE
LSEL,,, ,PSIX

CM,_YL,LINE
CMSEL,, Y .

* .
LESIZE,_Y1,,.2,,,,,l

1%

FLST,5,2,5,0RDE,2

" FITEM,5,9

FITEM,5,-10

CM, Y,AREA
ASEL,,, ,P51X
CM,_Y1,AREA
CHKMSH,'AREA'

CMSELS, Y

!*
MSHKEY,
AMESH, Y1
MSHKEY,0

1%

CMDELE, Y
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CMDELE, Y1
CMDELE,_Y2

1%
FLST,5,4,5,0RDE?2
'FITEM,5,23
'FITEM,5,-26

CM, Y,AREA
ASEL, ,, PSIX

" 'CM, YL,AREA

CHKMSH,'AREA'
CMSEL,S, Y

!*

MSHKEY,
AMESH, Y1
MSHKEY,0

!*

CMDELE, Y
CMDELE, Y1
CMDELE, Y2

1k

save
finish
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1.0 OBJECTIVE

The objective of this calculation is to compute the pressure stresses, thermal stresses, and the Green’ s
. Functions for high (100%), mid (50%), and no (0%) flow thermal loadmg of the Vermont Yankee
Nuclear Power Station recirculation outlet nozzle. :

2.0 _} RECIRCULATION OUTLET NOZZLE MODEL

'An axisymmetric finite element model of the recirculation outlet nozzle was developed in Reference

' [1] using ANSYS [2]. The geometry and model in Reference [1] is used in this calculation. The
material properties are taken at an average temperature of 300°F. This average temperature is based
on a thermal shock of 500°F to 100°F which will be applied to the FE model for Green’s Function
development. Table 1 listed the material properties at 300°F. The meshed model is shown in Figure
1. S

3.0 APPLIED LOADS

" Both pressure and thermal loads will be applied to the finite element model. -

3.1 Pressure Load

A uniform pressure of 1000 psi was applied along the inside surface of the recirculation outlet nozzle
and the vessel wall. A pressure load of 1000 psi was used. because it is easily scaled up or down to
account for different pressures that occur during transients. In addition, a cap load was applied to the
piping at the end of the nozzle. This cap load was calculated as follows:

'(Diz)
cap. ) D02 _Di2
P = Pressure = 1,000 psi
D; = Inner Radius = 12.96875 in
D, Outer Radius = 14.18750 in
‘P, = Tension stress on the end of the nozzle. (psi)

Il

Therefore, the cap load is 5081.7 psi. The calculated value was given a negative sign in order for it
to exert tension on the end of the model. The ANSYS input file VY RON_P.INP, in the computer
files, applies the pressure loading to the geometry in file RON_VY.INP. Figures 2, 3, and 4 show
the internal pressure distribution, cap load, and symmetry condition applied to the vessel end of the
model, respectively.

/]
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3.2 Thermal L_oad

‘Thermal loads are applied to the recirculation outlet nozzle model. The heat transfer coefficients
after power uprate were determined by scaling the values from Reference [4]. These values were
determined for various regions of the finite element-model and for 100% (28,294 GPM, converted

~ from12.3 Mlbm/hr [7]), 50% (14,147 GPM), and 0% (0 GPM) flow rates. The temperatures used
are based upon a thermal shock from 500°F to 100°F. The calculated heat transfer coefficients for
_each region are shown below. The GPM values are calculated from the Mlbm/hr values at an
average temperature of 300°F.

3.2.1 Heat T ramfer Coefﬁcients

The heat transfer coefficients’ for the 100% flow and 50% flow cases were ‘calculated from Reference

~ [4] as follows:
0.2
P fo
Df 300 25 DDf
Where:

hpr= the heat transfer coefficient at a Diameter and flow rate
hsg = the heat transfer coefficient from Reference [4] at 300°F -
for= the flow rate corrésponding to hpr (ft/sec)

Dpr = the diameter corresponding to hp¢(in)

- The heat transfer coefficients for 0% flow were calculated in spreadsheet Ht_coeffs.xls for natural
convection and are shown in Tables 3 and 4.

As shown in Figure 5, the following heat transfer coefficients were épplied:

Region 1

L N\08
17'364) = 3577.8 BTU/hr-f2-°F

The heat transfer.coefﬁcient, h, for 100% flow is 4789 [
at 300°F. [4]

where 17.364 ft/sec is converted vfrom 28,294 GPM and 25.8 in ID.

The heat transfer coefficient, h, for 50% flow is 4789 (8 2652) =2054.9 BTU/hr-f?-°F at
300°F. [4]
where 8.682 ft/sec.is converted from 14,147 GPM and 25.8 in ID.:

The heat transfer coefficient, h, for 0% flow is 112.34 BTU/hr-ft*-°F at 300°F [Table 3, for
natural convection] .
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- Region 2

The heat transfer coefficient for Region 2 is linearly transitioned from the value of the heat
transfer coefficient used in Region 1 to the value used for Region 3.

Region 3 (the point between Region 2 and Region 4) - |

‘ . ' : . 08 ©\02
The heat transfer coefficient, h, for 100% flow is 4789 (17'364J ( 26 ) =13361
. ' . 25 35_.49
BTU/hr-ft?-°F at 300°F. [4]

where the ﬂow rate is the same as that for Region 1, and the ID is 35.49 in.

’ ’ 0.2
The heat transfer coefficient, h, for 50% flow is 4789 (8 26582) » (3—:—25) =1930.9

BTU/hr-f-°F at 300°F. [4]
where the ﬂow rate is the same as that for Region 1, and the I‘D is 35.49 in.

The heat transfer coefficient, h, for 0% ﬂow is 112.34 BTU/hr-ft*- °F at 300°F. usmg the same
HTC as Region 1 [Table 3, for natural convection]

' Region 4

'Per Reference [11, the heat transfer coefficient for Region 4 (Nozzle Blend Radius) is linearly
transitioned from the value of the heat transfer coefﬁc1ent used in Region 3 to the value used

in Region 5.

: Region 5

The heat transfer coefﬁ01ent h, for 100% ﬂow is0.5x 3577 8§=1788.9 BTU/hr-ﬁ2 °F at
300°F. [4]

The heat transfer coefficient, h, for 50% ﬂow 15 0.5 x 2054 9=10274 BTU/hr fi’-°F at
300°F. [4] ‘

The heat transfer coefficient, h, for 0% ﬂow 1s 101 BTU/hr—ﬂ:2 °F at 300°F. [Table 4 for
natural convection] by using 40 in. hydraulic diameter [4].
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Region 6 -

The heat transfer coefﬁeient, h, is 04 BTU/hr-ft>-°F [4].

3.2.2 Boundary Fluid Temperatures

For the Green’s Functions, a 500°F to 100°F thermal shock is run to determine the stress response to
a one-degree change in temperature. The following temperatures are valid when there is water
flow. Values between defined ‘points are linearly 1nterp01ated For the 100%, 50%, and 0% flow -
cases, the thermal shock is run as follows: :

Regions 1 to 5 -
T = 500°F — 100°F

Region 6
T=120°F

4.0 THERMAL AND PRESSURE L.OAD RESULTS

The three flow dependent thermal Ioad cases outlined in Section 3.0 were run on the finite element
model. Appendix A contains the thermal transient input files VY _RON_T 100.INP,

VY RON _T_50.INP,and VY_RON_T 0.INP for 100%, 50%, and 0% flow rates, respectively. _
The three flow dependent input files for the stress runs are also included in Appendix A. The stress

~ filenames are VY_RON_S_100.INP, VY_RON_S_50.INP, and VY_RON_S_0.INP for 100%, 50%,

and 0% flow rates, respectively.

The critical safe end location was-chosen as node 6395, which has the highest stress intensity due to
thermal loading under high flow conditions. As shown in Figures 6 and 7, Node 6395 is located on -
the inside diameter of the nozzle safe end of the model and the maximum stress occurs at 5.1
seconds.

The critical blend radius location was chdsen based upon the highest pressure stress. Assumed the
cladding has cracked, therefore, as shown in Figures § and 9, the crmcal location is selected as node
3829 at base metal of the nozzle.

The stress intensity for use in the Green’s functions are calculated from the component stresses (X,
Y, and Z) and compared to the stress intensity reported by ANSYS. As seen in Figure 10, the Y-X
calculated total stress intensity best matches the ANSYS reported stress intensity for 100% flow at
the safe end. Therefore, the Y-X stress will be used for the total and membrane plus bending
Green’s functions for all flow rates for the safe end. As seen in Figure 11, the Z-X calculated total
stress intensity best matches the ANSYS reported stress intensity for 100% flow at the blend radius

. in very beginning. Therefore, the Z-X stress will be used for the total and membrane plus bending
Green’s functions for all flow rates for the blend radius.

File No.: VY-16Q-305 . ' Page 7 of 29
Revision: 0 ~

F0306-01R0



Structural Intégr’ity As‘sbciétés, Inc.

The stress time history for the critical paths was extracted during the stress run for 100% flow rate.
This produced two files, HFSE.OUT and HFBR.OUT, which contain the thermal stress history. The
membrane plus bending stresses and total stresses for the Green’s Functions were extracted from
these files to produce the files HFSE Inside.RED and HFBR_Inside.RED, where SE and BR
corresponded to the safe end and blend radius locations, respectively. The total stress intensity (SI)
was extracted from these files to produce the files HFSE.CLD and HFBR.CLD, where SE and BR
corresponded to the safe end and the blend radius, respectlvely .

The stress time history for the critical paths was extracted during the stress run for 50% flow rate. -
This produced two files, MFSE.OUT and MFBR.OUT which contains the thermal stress history. .
The membrane plus bending stresses and total stresses for the Green’s Functions were extracted
from the file to produce the file MFSE Inside.RED, where SE corresponds to the safe end location.

The stress time history for the critical paths was extracted during the stress run for 0% flow rate.

This produced two files, LFSE.OUT and LFBR.OUT which contain the thermal stress history. The

membrane plus bending stresses and total stresses for the Green’s Functions were extracted from the
file to produce the file LFSE Inside.RED, where SE corresponds to the safe end location.

- The stress time history for the recirculation outlet nozzle during 100% flow, 50% flow, and 0% flow
are shown in Figures 12 to 23. The data for the Green’s Functions is included in the files

- HFBR_M+B-Green.xls, HFBR_T-Green.xls, HFSE_M+B-Green.xls, HFSE T-Green.xls,
MFBR_M+B-Green.xls, MFBR T_Green.xls, MFSE M+B-Green.xls, MFSE T-Green.xls,
LFBR:M+B-Green.xls, LFBR_T-Green.xls, LFSE_M+B-Green.xls, and LFSE T-Green.xls in the
project Files. Where HF, MF, and LF corrésponded to 100% flow, 50% flow, and 0% flow rate,
respectively. M+B and T corresponded to membrane plus bendmg stress and total stress,

respectively.

The pressure stress intensities for the path were extracted during the pressure run. The pressure
* stresses were extracted along the nodal path as shown in Figures 7 and 9. This produced two files,
PSE.OUT and PBR.OUT for the safe end and blend radius locations, respectively.

For the pressure loading specified (1000 psig), the total stress intensities at Node 6395 and Node
3829 were determined to be 11490 psi and 31300 psi, respectively. The membrane plus bending
stress intensities at Node 6395 and Node 3829 were determined to be 11350 psi.and 33640 psi,
respectively. Table 2 shows the final pressure results.

Results were also extracted from the vessel portion of the model to verify the accuracy of the results
obtained from the ANSYS model, and to check the results due to the use of the 2.0 multiplier on the
vessel radius. These results are contained in the file PVESS.OUT. The radius of the finite element
- model (FEM) was multiplied by a factor of 2.0 [1] to account for the fact that the vessel portion of
the 2D axisymmetric model is a sphere but the true geometry is the intersection of two cylinders.
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{

The equation for the membrane hoop stress for a sphere is:

- ((pressuré)x (radius))

2 x thickness

Considering a vessel base metal radius, R, of 105.906 inches increased by a factor of 2.0, a vessel
base metal thickness, t, of 5.4375 inches, and an applied pressure, P, of 1,000 psi, the calculated
stress for a sphere is PR/(2t) = 19,477 psi. This compares very well with the remote vessel wall
membrane hoop stress from the ANSYS result file, PVESS.OUT, of 19,540 psi. Thus, considering
the peak total pressure stress of 31,300 psi reported above, the stress concentrating effect of the

nozzle corner is 31,300/19,477 = 1.61. In other words, the peak nozzle corner stress is 1.61 times

higher than nominal vessel wall stress for the 2D ax1symmetr1c model.

The equation for the membrane hoop stress in a cylinder is:

_((pressure)x (radius)
,( )

thickness

Based on the previous dimensions, the calculated stress for a cylinder without the 2.0 factor is
19,477 psi. Increasing this by a factor of 1.61 yields an expected peak nozzle corner stress of
31,358 psi, which would be expected from a cylindrical geometry that is representative of the nozzle
configuration. Therefore, the result from the ANSYS file for the peak nozzle corner stress (31,300
psi) is close to the peak nozzle corner stress for a cylindrical geometry because of the use of the 2.0

 multiplier. This is consistent with SI’s experience where a factor of two increase in radius is typical

for representing the three-dimensional (3D) effect in a 2D axisymmetric model.
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Table 1: Material Properties @ 300°F"

SA-182 F316/

, SA-533GrB | SA-508 Cl2 SA-240
Material (Mn-1/2Mo- | (3/4Ni-1/2Mo- | Type 304 SG 78 et
1/2Ni) 1/3Cr-V) (18Cr-8Ni) " 2Mo)
T 5
Modulus °pr:aSt'°'ty' e 28.0 26.7 27.0 27.0
Coefficient of Thermal
Expansion, €°, infin/°F. 7.7 73 2.8 98
Thermal Conductivity, ’
B AL F 23.4 23.4 9.8 93
Thermal Diffusivity, ft’/hr - 0.401 0.401 0.160 0.150
Calculated Specific Heat, '
Blb-F © 0.119 0.119 0.125 0127
Density, Ib/in® 0.283 0.283 0.283 0.283
Poisson’'s Ratio 0.3 0.3 0.3 0.3

Notes:

() The material properties applied in the analyses are taken from ASME Section II Part D 1998 Edition with
2000 Addenda. This is consistent with information provided in the Design Input Record (page 13 of VY EC

" No. 1773, SI File No. VY-16Q-209). The use of a later code edition than that used for the original design
code is acceptable since later editions typically reflect more accurate material properties than was published
in prior Code editions. Material Properties are evaluated at 300°F from the 1998 ASME Code, Section I,

" Part D, with 2000 Addenda, except for density and Poisson's ratio, which are assumed typical values. -

@ Calculated as [k/(pd))/12°.

Table 2: Pressure Results

' Membrane Plus Total Stress
Location Bending Stress Intensity (psi)
' Intensity (psi) y P
Safe End 11350 11490
Blend Radius 33640 31300
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Table 3: 0% Flow Regions 1 and 3 Heat Transfer Coefficients

Pipe Inside Diameter, D = BE05800% inches= 2150 ft
‘ : = 065 .m
Outer Pipe, Inside radius, r, = 129 inches=" 1075 ft
] . 0328 m
Inner Pipe Outside Diameter, D = inches = 0.000 ft
= 0000 m
Inner Pipe, Outside radius, r, = 0 inches= 0000 ft
o . . 0000 m .
Fluid Velocity, V= 17.364  ftsec= [D83937685 gpm= 12.3 Mibhr’
Characteristic Length, L=D = 2.150 - ft= 0655 m
(Outside) Tn.,i;, - Teurtace. AT = 8.40 12.00 24.00 36.00 48.00 60.00 72.00 °F
= - 4.67 6.67 13.33 _20400 ) 26.67 33.33 40.00 °C
Value at Fluid Temperature, T [3] Units
Conversion 70 100 - 200 300 400 500 600 . °F
Water Property Factor [1] 2111 37.78 ~93.33 148.89 204.44 260.00 315.56 °C
k 1.7307 0.5997 0.6300 0.6784 0.6836 0.6611 0.6040 0.5071 W/m-°C
(Thermal Conductivity) 0.3465 - 0.3640 0.3920 0.3950 0.3820 0.3490 0.2930 Btuwhr-ft-°F
[ 4.1869 4185 . 4179 . 4,228 4313 4.522 . 4.982 6.322 kJd/kg-°C
(Specific Heat) ' : 1.000 0.998 1.010 1.030 1.080 1.190 1.610 Btu/lbm-"F
P 16.018 997.1 . 9947 962.7 917.8. 858.6 784.9 679.2 . kg/m®
(Density) 62.3 . 62.1 60.1 57.3 53.6 49.0 42.4 lom/fi
i 1.8 . 1.89E-04  3.24E-04 666E-04 1.01E-03 140E-03 1.98E-03  3.15E-03 mim>-C
(Volumetric Rate of Expansion) 105E-04  1.80E-04 3.70E-04 560E-04 7.80E-04 1.10E-03°  1.75E-03 He-oF
) g 0.3048 9.806 9.806 9.806 ° 9.806 9.806 .9.806 9.806 m/s?
(Gravitational Constant) . 3217 3217 . 32.17 32.17 3217 32.17. 3217 fi/s?
u 1.4881 9.96E-04 6.82E-04 3.07E-04 1.93E-04 1.38E-04 1.04E-04 8.62E-05 kg/m-s
(Dynamic Viscosity) : 6.69E-04 458E-04 2 06E-04 1.30E-04 9.30E-05 7.00E-05 5.79E-05 lbm/ft-s
Pr ' 6.980 4510 1.910 1.220 0.950 0.859 1.070 ’ —
{Prandtl Number)
Calculated Parameter . Formula 70 100 200 300 400 500 600 °F
Reynold's Number, Re pVD/u 3473691 5061789 10891437 16454670 21515912 26132199 27337904 -
Grashof Number, Gr GBATU(wp)? | 2441754517 1.2697E+10 2.417E+11 1262E+12 3.977E+12 1.034E+13 2.16049E+13 -
Grashof Number, Grs gBAT(r,-r)M(wp)® | 3.05E+408  1.59E+09 3.02E+10 1.57E+11 497E+11 1.20E+12  270E+12 -
Rayleigh Number, Ra GrPr 17043446531 5.7265E+10 4.616E+11 1.528E+12 3.778E+12 8.883E+12 2.31172E+13 —
Rayleigh Number, Ra GrsPr | 2.13E+09 7.16E409 577E+10 1.91E+11 4.72E+11 1.11E+12 2.89E+12 -—-
From [1]- : ’ - :
Inside Surface Forced Convection Heat Transfer Coefficient: .
i Hrorced T 0.023Re**PWD  7.823.02  9,326.34 1314812 1540524 1670540 17,1265 1627532  Wim>-°C’
. - 1,377.74 164250, 2315656 2,713.07 294205 3,016.15 2,866.31 Btuwhr-ft™-°F
From (1] ,
Inside Surface Natural Convection Heat Transfer Coefficient;
Case: Enclosed cylinder c= EHEsES n-=
Hree C(GrPR)W/L 181.85 258.65  469.34  637.89 77357 87517 933.22 Wim°C
32.03 4555 8266 1 136.24 154.13 164.35 Btu/h-f~°F
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Table 4: 0% Flow Region 5 Heat Transfer. Coéfﬁcient

Heat Transfer Coefficients
References: 1. J. P. Holman, "Heat Transfer,” 4th Edition, McGraw-Hill, 1976.
2. J. P. Holman, "Heat Transfer,” 5th Edition, 1981.
3. N. P. Cheremisinoff, "Heat Transfer Pocket Handbook,"” Gulf Publlshmg Co., 1984
(Required Inpuls are Shaded/)

Title = 4
Pipe Inside Diameter, D = 3333 ft
. = 1016 m
Outer Pipe, Inside radius, r, = - 20 inches = 1.667 ft
. 0508 m
inner Pipe Outside Diameter, D = £ n/a i inches= ~ 0.000  ft
: = 0000 m g%b
Inner Pipe, Outside radius, r, = 0 inches= 0.000 ft
0.000
Fluid Velocity, V= 7.224  ft/sec= §gﬁ_§gm9§*§gﬁgggpm- " 12.3 Mib/hr -
‘ Characteristic Length, L=D=-  3.333 ft= 1016 m’ ‘
(Outside) Taug - Tsurtaces AT = 8.40 12.00 24.00 36.00 48.00 160.00 72.00 °F
: = 4.67 '6.67 13.33 20.00 26.67 33.33 40.00 °C
Value at Fluid Temperature, T [3] ) Units
Conversion 70 100 200 . 300 400 500 600 °F
Water Property Factor [1] 21.11 37.78 93.33 148.89 204.44  260.00 315.56 °C
ok 17307 . © 0.5997 0.6300 "0.6784 0.6836 0.6611 0.6040 0.5071 Wim-°C
(Thermal Conductivity) 0.3465 0.3640 0.3920 0.3950 0.3820 0.3490 0.2930 Btu/hr-ft-°F
Cp 4.1869 4,185 - 41479 4.229 4.313 4522 4,982 6.322 kJlkg-°C
(Specific Heat) 1.000 -0.998 1.010 1.030 . 1.080 1.190 1.510 Btu/ibm-°F
p " 16.018 9971 994.7 962.7 . 9178 858.6 7849 . - 679.2 kglm3 )
(Density) 62.3 ©62.1 60.1 57.3 53.6 49.0 424 lbm/ft®
] 1.8 1.89E-04 3.24E-04 666E-04 1.01E-03 1.40E-03 1.98E-03 3.15E-03 mim3-C
(Volumetric Rate of Expansion) ) 1.05E-04 1.80E-04 3.70E-04 560E-04 7.80E-04 1.10E-03 1.75E-03 #fc-oF
g 0.3048 9.806 9.806 9.806 9.806 9.806 9.806 9.806 mis?
(Gravitational Constant) 3217 3217 3217 32.17 3217 3217 3217 ft/s?
n 1.4881 996E-04 6.82E-04 3.076-04 1.93E-04 1.38E-04 1.04E-04 8.62E-05 kg/m-s
(Dynamic Viscosity) : ) 6.69E-04 4.58E-04 206E-04 1.30E-04 9.30E-05 7.00E-05 5.79E-05 lbm/ft-s
' Pr ' 6.980 4.510 1910  1.220 0,950 - 0.859 1.070 -
. (Prandt! Number) : : )
: Calculated Parameter Formula 70 100 200 300 400 500 600 °F
Reynold's Number, Re pVD/u 2240531 3264854 7024977 10613262 13877763 16855268 17632948 —
Grashof Number, Gr gPATL (wp)? {9099611606 4.732E+10 9.01E+11 4.667E+12 148E+13 3.85E+13 B.05143E+13]  —
Grashof Number, Gr, = | gpAT(r-r)(wp)* | 1.14E+09 591E+09 1.13E+11 5.83E+11 1.85E+12 4.82E+12 1.01E+13 —
Rayleigh Number, Ra GrPr 6.3515E+10 2.134E+11 1.72E+12 5.694E+12 1.41E+13 3.31E+13 8.61503E+13 -—
Rayleigh Number, Ra GrsPr 7.94E+09 2.67E+10 2.15E+11 7.12E+11 1.76E+12 4.14E+12 1.08E+13 —
From (1]: ’
Inside Surface Forced Convection Heat Transfer Coefficient:
Hiocced 0.023Re%%pr%/D  3.552.89 423564 597133 699642 7,586.90 7,777.99 7,391.58 Wim>°C
625.71 74595 105163 ~1,23217 1,336.16 1,369.81 1,301.76  Biu/hr-f-°F
From [1]: )
Inside Surface Natural Convection Heat Transfer Coefficient:
Case: - - Enclosed cylinder = o i n= 4 S
Hee .C(GrPr)"k/L 162.97 231.79 420.60 571.66 693.25 784.30 836.32 Wim2-°C
28.70 40.82 74.07 12209 13813 - 147.29  Btuhr-fi°F
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Figure 1: ANSYS Finite Element Model
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Recirc Outlet Nozzle Finite Element Model

Figure 2: Recirculation Outlet Nozzle Internal Pressure_Distfibution
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Recirc OQutlet Nozzle Finite Element Model

Figure 3: Recirculation Qutlet Nozzle Pressure Cap Load
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Figure 4: Recirculation Outlet Nozzle Vessel Boundary Conditions
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Figure 5: Nozzle and Vessel Wall Thermal and Heat Transfer Boundaries
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Recirc Outlet Nozzle Finite Element Model

Figure 6: Safe End Critical Thermal Stress Location
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" F igure 7: Safe End Limiting Linearized Stress Paths
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Figure 8: Blend Radius Limiting Pressure Stress Location
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Figure 12: Safe End Total Stress History for 100% Flow
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Figure 13: Safe End Membrane Plus Bending Stress Hisfory for 100% Flow
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Figure 14: Safe End Total Stress History for 50% Flow
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Figure 15: Safe End Membrane Plus Bending Stress History for 50% Flow
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' Figuré 17: Safe End Membrane Plus Bending Stress History for 0% Flow
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Figure 18: Blend Radius Total Stress History for 100% Flow
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Figure 19: Blend Radius Membrane Plus Bending Stress History for 100% Flow
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Figlire 21: Blend Radius Membrane Plus Bending Stress History for 50% Flow
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FINITE ELEMENT ANALYSIS FILES

File No.: VY-16Q-305
Revision: 0

Page Al of A2

F0306-01R0



Structural Integrity Associates, Inc.

RON VY.INP -

Input F ile for Pressure Load

In Computer files

VY RON T 100.INP

Input File for 100% Flow Thermal Analysis

In- Computer files

VY RON S 100.INP

Input File for 100% Flow Stress Analysis

In Computer files

VY RON T 50.INP

Input File for 50% Flow Thermal Analysis

In Computer files

VY RON T 50.INP

Input File for 50% Flow Stress Analysis

In Computer files

VY RON 0.INP Input File for 0% Flow Thermal Analysis In Computer files

| VY _RON 0:.INP Input File for 0% Flow Stress Analysis In Computer files
PVESS.OUT Stress Output across the shell with Pressure Load In Computer files -

PSE.OUT _Stress Output at Safe End with Pressure Load In Computer files

PBLEND.OUT Stress Output at Blend Radius with Pressure Load In Computer files

| #FSE.OUT Stress Output-at Safe End In Computer files

#FBR.OUT Stress Output at Blend Radius In Computer files

#FSE INSIDE.RED

Stress Extracted at Safe End

In Computer files

#FBR_INSIDE.RED

Stress Extracted at Blend Radius

In Computer files

#FSE_T-Green.XLS

Green Function with Total Stress at Safe End

In Computer files

#FSE_M+B-Green.XLS

Green Function with Membrane plus Bending Stress

at Safe End '

In Computer files

HFBR_T-Green . XLS

Gréen Function with Total Stress at Blend Radius at
100% flow

In Computer files

HFBR M+B-Green.XLS

Green Function with Membrane plus Bending Stress
at Blend Radius at 100% flow

In Computer files

Where #is H, M, L meaning 100%, 50%, and 0% flow rate, respectively.
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1.0 OBJECTIVE

The purpose of this calculation i$ to perform a revised fatigue analysis for the Entergy Vermont
Yankee (VY) reactor pressure vessel (RPV) recirculation outlet nozzle. Two locations will be
analyzed for fatigue acceptance: the safe end (SA182 F316) and the nozzle inner corner blend radius
(SAS508 Class 2). Both locations are chosen based on the highest overall stress of the analysis -
performed in Reference [1]. Fatigue usage will be determined for each location, the nozzle forging
and safe end, respectively. An env1ronmenta1 fatigue usage factor w1ll also be determined for each
of these locations.

20 METHODOLOGY

In order to provide an overall approach and strategy for evaluating the recirculation outlet nozzle, the
Green’s Function methodology and associated ASME Code stress and fatigue analyses are described
in this section. '

Revised stress and fatigue analyses are being performed for the recirculation outlet nozzle using
ASME Code, Section III methodology. These analyses are being performed to address license
renewal requirements to evaluate environmental fatigue for this component in response to Generic
Aging Lessons Learned (GALL) Report [14] requirements. The revised analysis is being performed
to refine the fatigue usage so that an environmental fatigue factor can be determined for subsequent
license renewal efforts :

Two sets of rules are available under ASME Code, Section III, Class 1 [13]. Subparagraph NB-3600
of Section III provides simplified rules for analysis of piping components, and NB-3200 allows for
more detailed analysis of vessel components. The NB-3600 piping equations combine by absolute
sum the stresses due to pressure, moments and through wall thermal gradient effects, regardless of

* where within the pipe cross-section the maximum value of the components of stress are located. By
considering stress signs, affected surface (inside or outside) and azimuthal position, the stress ranges
may be significantly reduced. In addition, NB-3600 assigns stress indices by which the stresses are
multiplied to conservatively incorporate the effects of geometric discontinuities. In NB-3200, stress

- indices are not required, as the stresses are calculated by finite element analysis and consider
applicable stress concentration factors. In addition, NB-3200 methodology accounts for the different
locations within a component where stresses due to thermal, pressure or other mechanical loading
are a maximum. This generally results in a net reduction of the stress ranges and consequently, in the

- calculated fatigue usage. Article 4 [17] methodology was originally used to evaluate the
recirculation outlet nozzle. NB-3200 methodology, which is the modern day equivalent to Article 4,
is used in this analysis to be consistent with the Section III design bases for this component, as well
as to allow a more detailed analysis of this component. In addition, several of the conservatisms
originally used in the original recirculation outlet nozzle evaluation (such as grouping of transients)
are removed in the current evaluation so as to achieve a more accurate CUF.

* For the recirculation outlet nozzle evaluated as a part of this work, stress histories will be computed
by a time integration of the product of a pre-determined Green’s Function and the transient data.
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‘This Green’s Function integration scheme is similar in concept to the Duhamel theory used in
~ structural dynamics. A detailed derivation of this approach and examples of its application to
specific plant locations is contained in Reference [15]. A general outlme is provided in this section.

The steps involved in the» evaluation are as' follows:

e Develop finite element model -
e Develop heat transfer coefficients and boundary conditions for the ﬁmte element model
e Develop Green’s Functions
e  Develop thermal transient definitions
¢ Perform stress analysis to determine stresses for thermal transients
e Perform fatigue analysis

A Green’s Function is derived by using finite-element methods to determine the transient stress
response of the component to a step change in loading (usually a thermal shock). The critical
location in the component is identified based on the maximum stress, and the thermal stress response
over time is extracted for this location. This response to the input thermal step is the “Green’s
Function.” Figure 13 shows a typical set of two Green’s Functions, each for a drfferent set of heat
transfer coefficients (representing different flow rate conditions).

- To compute the thermal stress response for an arbitrary transient, the loading parameter (usually
local fluid temperature) is deconstructed into a series of step-loadings. By using the Green’s
Function, the response to each step can be quickly determined. By the principle of superposition,
these can be added (algebraically) to determine the response to the original load history. The result

" is demonstrated in Figure 14. The input transient temperature history contains five step-changes of
varying size, as shown in Figure 14. These five step changes produce the five successive stress

~ responses in the second plot shown in Figure 14. By adding all five response curves, the real-time .
stress response for the input thermal transient is computed.

The Green’s Function methodology produces _idéntical results compared to running the input transient -
through the finite element model. The advantage of using Green’s Functions is that many individual
transients can be run with a significant reduction of effort compared to running all transients through the
finite element model. The trade-off in this process is that the Green’s Functions are based on constant

" material properties and heat transfer coefficients. Therefore, these parameters are chosen to bound all
transients that constitute the majority of fatigue usage, i.e., the heat transfer coefficients at 300°F bound
the cold water injection transient. In addition, the instantaneous value for the coefficient of thermal
expansion 1is used instead of the mean value for the coefficient of thermal expansion. This conservatism

- is more than offset by the benefit of not having to analyze every transient, which was done in the VY

. reactor recirculation outlet nozzle evaluation. ' : ' '

~ Once the stress history is obtained for all transients usmg ‘the Green’s Function approach, the
remainder of the fatigue analysis is carried-out using traditional methodologies in accordance with
ASME Code, Section III requirements.
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Fatigue calculations are performed in accordance with ASME Code, Section III, Subsection NB-
-3200 methodology. Fatigue analysis is performed for the two limiting locations (one in the safe end
and one in the nozzle forging, representing the two materials of the nozzle assembly) using the
Green’s Functions developed for these three Recirculation flow conditions and 60-year projected
cycle counts. | o

Three Structural Integrity utility computer programs are used to facilitate the fatigue analysis
process: STRESS.EXE, P V.EXE, and FATIGUE.EXE. The first program, STRESS.EXE,
calculates a stress history in response to a thermal transient using a Green’s Function. The second
program, P-V.EXE, reduces the stress history to peaks and valleys, as required by ASME Code
fatigue evaluation methods. The third program, FATIGUE.EXE, calculates fatigue from the reduced
peak and valley history using ASME Code, Section III range-pair methodology All three programs
are explained in detail and have been independently verified for generic use in the Reference [5]
calculation.

In order to perform the fatigue analysis, Green’s Functions are developed using the finite element
model. Then, input files with the necessary data are prepared and the three utility computer
_programs are run. The first program (STRESS.EXE) requires the following three input files:

e Input file “GREEN.DAT”: This file contains the Green’s Function for the location being

- evaluated. For each flow condition, two Green’s Functions are determined: a membrane plus
bending stress intensity Green’s Function and a total stress intensity Green’s Function. This
allows computation of total stress, as well as membrane plus bending stress, which is necessary
to compute K. per ASME Code, Section III requirements.

e Input file “GREEN.CEG”: This file is a configuration file containing parameters that define the

Green’s Function (i.e., number of points, temperature drop analyzed, etc.).

e Input file “TRANSNT INP”: ‘This file contains the input transient h1story for all thermal

- transients to be analyzed for the location being evaluated.

. Pressure and piping stress intensities are also included for each transient case, based on pressure
stress results from finite element analysis and attached piping load calculations.

The second program (P-V.EXE) simply extracts only the maxima and minima stress (i.e., the peaks
and valleys) from the stress histories generated by program STRESS.EXE. '

The third program (F ATIGUE.EXE) performs the ASME Code peak event-pairing required to
calculate a fatigue usage value. The input data consists of the output peak and valley history from
program P-V.EXE and a configuration input file that provides ASME Code configuration data
relevant to the fatigue analysis (i.e., K. parameters, S, Young’s modulus, etc.). The output is the
final fatlgue calculation for the locatlon being evaluated

The Green’s Function methodology described above uses standard industry stress and fatlgue
analysis practices, and is the same as thevrnethodology used in typical stress reports. Special
- approval for the use of this methodology is therefore not required.

The 10 transients to be analyzed are described in Reference [2], for the recirculation outlet nozzle.
Transients 11 and 12 are hydrostatic tests that have only a small temperature change and are not
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modeled. Transients 1 to 10 are shown in Figures 3 — 12. The analysis of transient 9 is an exception
to this process because there are two different thermal shocks at the nozzle and vessel regions.

. Transient 9 is analyzed separately using ANSYS instead of STRESS.EXE and P-V.EXE. The
results from ANSYS are input directly into FATIGUE.EXE with the other transient stress results.

~ 3.0 ANALYSIS

The fatigue analysis involves preparing the input files and running the three programs. The
‘programs STRESS.EXE and P-V.EXE are run together through the use of a batch file. The program
FATIGUE.EXE is run after processing the output from P-V.EXE. The ANSYS results from
transient 9 are added to the P-V.EXE results for the other transients and input into FATIGUE.EXE. -

The steps associated with this process are described in the following sub-sections.

3.1 Transient Definitions (for program STRESS.EXE)
- The program STRESS.EXE requires the following three input files for analyzing an i_ndividual transient:

o GREEN.DAT. There are 12 stress history functions (Green’s Functions) obtained from Reference
[1]. They represent the membrane plus bending and total stress intensities at the blend radius and
safe end locations. The blend radius and the safe end have three stress history functions for the
100% flow, 50%, and no-flow conditions.

-« GREEN.CFG is configured as described in Reference [5]

. Several TRANSNT.INP files are created to simulate the transients shown on Reference [2]. Tables

2 and 3 show the thermal history used to simulate each transient for the blend radius and safe end
locations, respectively. The aforementioned transient information for each location is contained in
EXCEL files Blend Radius Transients.xls and Safe_End_Transients.xls, which are contained in the
computer files. Transients are split into the following groups based upon ﬂow_' rate:
’ e Transients 2, 3, 5, 6, 7, and 8 are run at 100% flow Green’s Function

e Transients 1 and 10 are run at 50% flow Green’s Function

e Transient 4 is run at no flow, 50% flow, and 100% flow Green’s Functions, as shown in

~ Tables 2 and 3.

e Transient 9 is simulated by ANSYS [11] model and the thermal results are taken from
ANSYS directly. See Section 4 for details.

e Transients 11 and 12 have only small temperature change (70°F to 100°F) Therefore,
the thermal stresses for these two transient are ignored. Only the piping load and the
pressure load are considered in these two transients. '

e The loss of feedwater heaters (Feedwater Heater Bypass) event has a neghglble
temperature change (526 °F to 516 °F) associated with it: Therefore this transient is
ignored.
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3.2 Peak and Valley Points of the Stress History (for program P-V.EXE)

After STRESS.EXE runs are completed, the program P-V.EXE is run to extract only the peaks and
valleys from the STRESS.OUT stress history file produced by the STRESS.EXE program. The only

" input required for this program is the stress history file (STRESS.OUT), and the program outputs all
of the resulting peaks and valleys to output file P-V.OUT. The resulting peak and valley stress
summaries for all transients are summarized in Tables 4 and 5 for both locations. Columns 2

~ through 5 of Tables 4 (for the blend radius) and 5 (for the safe end) show the final peak and valley
output. These final peaks and valleys were selected from the total stress and membrane plus bending
stress intensities that were calculated by STRESS.EXE and screened with P-V.EXE. -

3.3 Pressure Load

The pressure stress associated with a 1,000 psi internal pressure was determined in Reference [1].
These values are as follows: -

Pressure stress for the safe end:
e 11,350 psi membrane plus bending linearized stress intensity.
o 11,490 psi total stress intensity.

Pressure stress for the blend radius:
. 33,640 psi membrane plus bending lmearxzed stress intensity.
. 31,300 p51 total stress intensity.

The pressure stress intensity values for each transient were linearly scaled based on the pressure.
The actual pressure for column 6 of Tables 4 and 5 is obtained from Tables 2 and 3, respectively.
The scaled pressure stress values are shown i m columns 7 and 8 of Tables 4 and 5.

" The pressure stress is ,comb_med with the peak and valley points to calculate the final stress values
used for fatigue analysis. :

34 Attached Piping Loads

Additionally, the piping stress intensity (stress caused by the attached plpmg) was determmed
These piping forces and moments are¢ determined as shown in Flgure 1. =

The following formulas are used to determine the maximum stress intensity in the nozzle at the two '
- locations of interest. From engineering statics, the piping loads at the end of the model can be
translated to the first and second cut locations using the following equations:

(M, ) =M, -FL

For CutI:
. (My)I:MerFILl

File No.: VY-16Q-306 ° ' o Page 8 of 34
Revision: 0 :

F0306-01R0



Structural Integrity Associates, Inc.

(M, ), =M, ._F’yLz

For Cut II: : :
' (My)2 :My+F)(L2

The total bending moment and shear loads are obtained using the equatibns below:

M, =\/<M,)f (M),

F, =(F) +(F,)

For Cut I:

Mxy = J(MX)ZZ -'—(My)Z2

ny _:A\/(Fx)22 +(_Fy)22

For Cut II:

The distributed loads for a thin-walled cylinder are obtained using the equations below:
M
N, = 1 l‘Fz +—=
Ry 2 R, |

1 M
= F - z
A ﬁRN[ v 2RN}

" To determine the primary stresses, Py, due to internal pressure and piping loads, the followi_ng '

equations are used.

For Cut I, using thin-walled equations:

R
(s = ’;"”
(Py)p=-PF
SLygx = 2\/(—————(PM_)" ;(PM) £ )2 + ()’
or |
S, = 2\/(%;—(1)“—)&)2 +(Tag) oo’
File No.- VY-16Q-306 | - Page 9 of 34

Revision: 0

F0306-01R0



' Stmctural Inlegrity'Assbbiates, Inc.

Because pressure was con51dered separately in this analy51s the equations used for Cut I are valld
for Cut II :

where: - L; = The length from the end of the nozzle where the piping loads' are applied to the
’ : location of interest in the safe end. '
L, = The length from the end of the nozzle where the p1p1ng loads are apphed to the
location of interest in the blend radius.
M,y = The maximum bending moment in the xy plane.

Fy« = The maximum shear force in the xy plane.

N, = The normal force per inch of c1rcumference applied to the end of the nozzle in the

_ z direction. '
gn = The shear force per inch of cnrcumference applied to the nozzle

" Ry. = The mid-wall nozzle radius.

Since.the pressure was considered separately in this analysis, the equatlons can be simplified as

follows

Nz
(PM )z =

tN
(P =0
(Py)e =0

_dn

Ty f
S :2(TM )20
or

| Nz 2
ST,y —2\/(2tN] +(T4 )0

Per Reference [7], the recirculation outlet nozzle piping loads (Total thermal welght and seismic
loads) are as follows:

Fx =20,000 lbs M, = 2,004,000 in-1b

Fy, =20,000 lbs - M, = 3,000,000 in-1b
F, = 30,000 Ibs M;= 2,004,000 in-1b

L, is equal to 4.25 inches and the L, is equal to 42.77 inches. The calculations for the safe end and
" blend radius are shown in Table 1. The first cut location is the same as the Green’s Function cross
section per [1] at the safe end, and the second cut is from Node 3829 (inside) to Node 3809
(outside). This gives the maximum ID and minimum OD for the cross section calculation. The
 maximum stress intensities due to the piping loads are 5708.89 psi at the safe end and 280.16 psi at
the blend radius. The piping load sign is set as the same as the thermal stress sign.
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. These piping stress values are scaled assuming no stress occurs at an amblent temperature of 70°F
and the full values are reached at reactor design temperature, 575°F [6]. The scaled piping stress

- values are shown in columns 9 and 10 of Tables 4 and 5. Columns 11 and 12 of Tables 4 and 5

show the summation of all stresses for each thermal peak and valley stress point,
35 Fatigue Analysis (for program FATIGUE.EXE)

'The number of cycles projected for the 60-year operating life is used for each transient [2]:

Column 13 in Tables 4 and 5 shows the number of cycles associated with..each transient. The number of
cycles for 60 years was obtained from Reference [2] unless otherwise noted.

The program FATIGUE.EXE performs the “ASME Code style” peak event pairing required to
calculate a fatigue usage value. The input data for FATIGUE.CFG is as follows: ,

_ Blend Radius Safe End
Parameters m and n for 2.0& 0.2 (low 1.7 & 0.3 (stainless
Computing K, alloy steel) {13] steel) [13]
Design Stress Intensity 26700 psi [9] 17000 psi [9]
~ Values, Sp @ 600°F @ 600°F

Elastic Modulus from
Applicable Fatigue Curve
Elastic Modulus Used in -

Finite Element Model

The Geometric Stress

- Concentration Factor K,

30.0x10° psi [13] 28.3x10° psi [13]

26.7x10° psi [1] 27.0x10° psi [1]

1.0 . 1.53 [3]

- The results of the fatigue analyses are presented in Tables 6 and 7 for the blend radrus and safe end
for 60 years respectlvely

- The fatigue run inputs described are contained in EXCEL files BRresults.xls and SEresults.xls,
which are contained in the computer files.

4.0 CALCULATION OF THERMAL STRESSES FOR TRANSIENT 9

Per Tables 2 and 3, the thermal shocks are from 526°F to 268°F and from 526°F to 130°F at the blend
radius and the safe end, respectively. Therefore, the average temperatures for these two locations are
about 400°F and 330°F. Since there are two different temperature shocks in the same model, -
ANSYS [10] will be used to calculate stresses directly. In this section, ANSYS [10] is used to

_ simulate this transient and the results will then be used as input to FATIGUE.EXE, as shown in
Tables 4 and 5. This case corresponds to the downhill (RPV) side of the blend radius.

An addltronal case was also run to simulate the uphill (RPV) side of the blend radlus where the

thermal shocks are from 526°F to 130°F at the safe end, and no temperature change at the blend
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radius. This case at the uph111 s1de of the blend radius was found to produce lower stresses than the
previously mentioned downhill case. Due to th1s the downhill case was used for the rest of the
analysis in this calculation.

4.1 Thermal Load

Since the average temperatures in the blend radius and safe end respectively are 400°F and 330°F,
the material properties for 400°F are used for the blend radius, cladding and vessel. Table 8 shows
“the material properties at 400°F. The flow rate at this. transient is 3395.2 GPM (calculated from 12%
of max flow rate [2]) and is shown in Tables 2 and 3.

Heat transfer coefficients listed on Reference [4] are for pre power uprate. The heat transfer
coefficients can be scaled by power uprate flow rate and diameter to values corresponding to the

flow and location conditions. Referring to Figure 2, heat transfer coefficients were applied as
follows: -

Region 1

Per [4], the heat transfer coefﬁcieﬁ£ at 500°F, h, for 3395.2 GPM (2.084 fi/s) flow is- |
| 4911- (2354 ) —.6;/2.8 BTU/hr-ft*-°F.

Per [4], the heat tréns_fe'rl coefﬁcient at 100°F, h, for 3395.2 GPM (2.084 fi/s) flow is |

2250- (2354) = 308.24 BTU/hr-ft*-°F.

The fluid temperaturc shock is:
T = 526°F - 130°F - 526°F
" Region 2

Per [4], the heat transfer coefﬁéient_ at 500°F, h, for 3395.2 GPM (2.084 ft/s) flow is

08 0.2 - v
4911-(2'084) 26 ) =632.21 BTU/hr-ft>-°F. -
| 25 35.49 o~

Per [4], the heat transfer coefficient at 300°F, h, for 3395.2 GPM (2.084 ﬁ/é) flow is

08 0.2
4789 -(2'084) 26 ) =616.57 BTU/hr-ft>-°F.
» 25 35.49 | |
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The fluid temperature shock is:

T = 526°F - 268°F - 526°F

Region 3

Per {4], the heat transfer coefficient at 500°F, h, for 33§5.2 GPM flowis
1672.8(0.5) = 336.4 BTU/hr-ft*-°F. |

Per [4'],.the heat transfer coefficient at 300°F, h, for 3395.2 GPM ﬂob.w 1s

4789]

336. 4( 328.04 BTU/hr-ft>-°F.
4911 _ :

The fluid temperature shock is;

Case I: T = 526°F - 268°F - S26°F
Case 2: T = 526°F '
| Region. 4
The heat transfer coefficient, h; is0.4 BTU/hr-ﬁ2-°F [4].

The temperature is: |

T = 120°F
| 4.2 Thermal Results

~ The flow dependent thermal load case outlined in Section 4.1 was run on the finite element model.
Appendix A contains the thermal transient input file VY _RON _T_T9.INP for 3395.2 GPM flow
rate. The flow dependent input files for the stress run is also included in Appendix A. The stress
ﬁlename isVY_RON_S T9. INP for 3395.2 GPM flow rate

The critical safe end and blend radius locations are deﬁned in Reference [1] at nodes 6395 and 3829,
respectively. : :

The stress time history for the critical paths was extracted during the stress run. This produced two
files, TOSE.OUT and T9BR.OUT, which contain the thermal stress history. The membrane plus
bending stresses and total stresses were extracted from these files to produce the files '
T9SE_Inside.RED and T9BR_Inside.RED, where SE and BR corresponded to the safe end and
blend radius locatlons respectively.
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The data for the stress results is included in the files T9BR_M+B.xlIs, T9BR_T.xls, T9SE_M+B .xls,
and T9SE_T.xls in the project Files. Where SE and BR corresponded to. the safe end and blend
radius locations, respectively. M+B and T corresponded to membrane plus bending stress and total
stress, respectively.

5.0 FATIGUE USAGE RESULTS

The blend radrus cumulatrve usage factor (CUF) from system cyclmg i5 0.0108 for 60 years (Table
'6). The safe end CUF is 0.0015 for 60 years (Table 7).

6.0 .ENVIRONMENTAL FATIGUE ANALYSIS

The Recirculation Outlet nozzle has three materials: a Ni-Cr-Fe dissimilar metal weld (DMW), a low
alloy steel forging, and a stainless steel safe end. To ensure the maximum CUF considering
environmental effects was identified, locations in the safe end and nozzle forging were selected. This
selection produces bounding environmental fatrgue results for the entire nozzle assembly for the
. following reasons: :

« The highest thermal stresses from the FEM analysis occur in the stainless steel safe end. Stainless

- steel Fen multipliers are significantly higher than Ni-Cr-Fe multipliers (Fen values are 2.55.or hrgher
for stainless steel [12] vs. a constant value of 1.49 for Ni-Cr-Fe [16]) Therefore evaluation of the
safe end bounds the Ni-Cr-Fe weld material.

o The highest pressure stresses from the FEM analysis occur in the low alloy steel nozzle forging.
Low alloy steel Fen multipliers are higher than Ni-Cr-Fe multipliers (Fen values are 2.45 or higher
for low alloy steel [12] vs. a constant value of 1.49 for Ni-Cr-Fe [16]). ‘Therefore, evaluation of the
nozzle forging bounds the Ni-Cr-Fe weld material. ‘

" Per Reference [12] the dissolved oxygen (DO) calculation shows the overall hydrogen water
chemistry (HWC) availability is 47%. This means the time ratio under normal water chemrstry
(NWC, or pre-HWC) is 53%.

For the safe end locatlon the envrronmental fatigue faetors for post-HWC and pre- HWC are 15 35
and 8.36 from Table 5 of Reference {12]. These result in an EAF adjusted CUF of (15.35 x 47% +

 8.36 X 53%) x 0.0015 = 0.0175 for 60 years, which is acceptable (i.e., less than the allowable value of
1.0). The overall environmental multiplier is 11.6453.

For the blend radius location, the environmental fatigue factors for post-HWC and pre-HWC are 2.45
and 12.43 from Table 5 of Reference [12]. These result in an EAF adjusted CUF of (2.45 x 47% +
12.43 x 53%) x 0.0108 = 0.08358 for 60 years, which is acceptable (i.e., less than the allowable value
of 1.0). The overall environmental multrplrer 1s 7.739.
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Table 1: Maxnmum Piping Stress Intens:ty Calculations

Blend Radius External Piping Loads Safe End External Plpmg Loads :
Parameters - . Parameters -
Fe= 20.00 | kips o Fy= 20.00 : kips.
F,= 20.00 . kips Fy= | 2000 | kips ..
Fz= © 3000 | kips . | Fz= 30.00 - kips
M= 2004.00 in-kips M= 2004.00 - in-kips
My,=. | 3000.00 in-kips : My = 3000.00 | . inkips
- M= 2004.00 in-kips : M;= 2004.00 in-kips
OD= 55.88 in oD= 28.38 in
ID= 37.368 in . ID= 25.938 " in
Ry= 23.31 in Ry =  13.58 ~in
= | 4277 in = | 425 in
= 925 . in = 1.22 in
(MY, = 1148.54 in-kips ' (M= 1919.00 in-kips
o (My)z= | 3855.46 | in-kips (My),= .| 308500 | inkips.
My, = 4022.90 in-kips : “My= | 3633.15 in-kips
Fy= | 2828 | = kips  Fy= 28.28 | kips
Nz = 256 |- kips/in N,= | 662 . kipsfin
aN= 020 | “kips/in T QNS -1.07 kipsfin
Primary Membrane Stress IntenS|ty Primary Membrane Stress Intensity
PM; = 028 |- ksi PM; = 543 ksi
= -0.02 - ksi : T=" -0.88 « ksi
Slmax = 0.28  ksi Slnax = 571 | . ksi
Slmax = 280.16 'psi Slmax= . |5708.89 psi

Note: The locations for Cut [ and Cut II were defined in Reference [1] for safe end and-blend radius
_ paths respectively.
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Blend Radius Transients

Table 2:
Transient Time Temp | Time Step| Pressure | Flow Rate Transient Time Tomp | Time Step | Pressure Flow Rate
Number (s} {°F} {s) {psig) GPM Number ‘{s) (°F) {s) (psig) - {GPM)
1. Normal Startup with 0 100 . 0 141470 6. Reactor Overpressure 0 ‘526 1010 . 28294
Heatup at 100°F/hr 16164 549 16164 1010 (50%)y 1 Cycle 2 526 2 1375 (100%)
300 Cycles 22164 549 6000 1010 32 526 30 940
2. Turbine Roll and 0 549 1010 28294 1832 526 1800 940
increase to Rated Power 1 542 1 1010 {100%)' 2252 549 420 1010
300 Cycles 601 542 600 1010 2312 549 €0 1010
. 602 526 1 1010 2313 542 1 1010
6602 526 6000 1010 2913 542 600 1010
3. Loss of Feadwater 0 526 1010 28294 2914 526 1 1010
Hoatars 1800 542 1800 1010 (100%)' 8914 526 6000 1010° .
Turbine Trip 25% Power 2100 542 . 300 1010 7. SRV Blowdown 0 526 . 1010 28294
10 Cycles 2460 526 360 . 1010 1Cycla. 600 375 600 170 (100%)
3060 526 - 600 1010 11580 70 10380 50
3960 542 900 1010 E 17580 70 6000 50
4260 542 300 1010 8. SCRAM Other 0 526 1010 28294
6060 526 1800 1010 228 Cycles 15 526 15 940 . (100%)
12060 526 6000 1010 . 1815 526 1800 940 :
4. Loss of Feedwater [ 526 1010 0 2235 549 420 1010
Pumps 3 526 3 1190 . (0%) 2295 549 60 1010
10 Cycles 13 526 10 1135 - ' 229 542 1 1010
233 300 220 1135 235 ‘542 60 1010
2213 500 1980 1136 2357 526 1 1010
2393 300 180 885 8357 526 6000 1010
6773 500 . 4380 1135 9. Improper Startup 0 526 1010 3395
7193 300 420 675 14147 " 1Cycle 1 268" 1 1010 T(12%)
7493 | . 300 300 675 (50%) 27 268" 2% 1010
11093 400 3600 240 28 526 1 1010
16457 649 5364 1010 - 6028 526 6000 1010
16517 549 60 1010 10. Shutdown 0 ] 549 : 1010 - 14147
16518 542 1 1010 28294 300 Cycles 6264 ars’ 6264 170 (50%y
17118 542 600 1010 (100%) 6864 | 330 600 88 i
17119 526 1 1010 16224 70 9360 50
23119 526 6000 1010 22224 70 6000 50
6. Turbine Generator Trip 0 526 1010 28294 11. Design Hydrostatic — 100 — 50 1981 -
60 Cycles 10 526 10 1135 (100%) Test : 163 | (T%)
15 526 5 1135 120 cycles 50
30 526 15 940 " 42. Hydrostatic Test — 100 — 0 1981
1830 526 1800 940 1 Cycle 1100 C(7%)
2250 549 420 1010 : 50 :
2310 549 60 1010
2311 542 1 1010
2911 542 600. 1010
2912 526 1 1010 ‘
8912 526 6000 1010
Notes:

1. The instant temperature change is assumed as 1 second time step.
2. The number of cycles is for 60 years (2. .

3. 268°F is the blend radius temperature for this transient. The safe end

has a different temperature for Transient 9. (2]
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Table 3: Safe End Transients

Transient Time Temp | Time Stop | Pressure | Flow Rate " Transient Time Temp { Time Step | Pressure | Flow Rate
Number ) (s) (°F} (s} .| ({psig) GPM Number (s} (°F) {s) {psig) GPM
1. Normal Startup with [} -100 - 0 141470 8. Reactor Overpressure 0 526 . . 1010 28294
Heatup at 100°F/hr 16164 549 16164 . 1010 {50%) 1 Cycle 2 526 2 1375 (100%)
. 300 Cycles 16864 549 700 . 1010 T3 526 30 940
t 2. Turbine Rott and 0 549 1010 . 28294 1832 526 1800 940
Incroase to Rated Power 1 - 542 1 1010 (100%)' i 2252 549 420 1010
300 Cycles 601 542 600 1010 . . 2312 649 60 1010
602 526 1 1010 . 2313 | 542 1 1010
1302 - 526 700 1010 - . - 2913 542 600 " {010
3. Loss of Feedwatar - 0 526 | 1010 28294 2914 526 1 1010
Heaters ; 1800 | 542 1800 1010 (100%) 3614 526 700 | 1010
Turbine Trip 26% Power 2100 542 300 1010 7. SRV Blowdown -0 526 1010 | 28294
10 Cycles 2460 526 360° 10t0 . 1 Cycle 600 375 600- 170 {100%)
3060 526 600 1010 1s80 | 70 | 10980 50
3960 542 | 900 T 1010 - 12280 70 700 50
4260 542 300 1010 8. SCRAM Other 0 526 1010 28294
6060 526 1800 1010 . 228 Cycles 15 526 15 940 (100%)
C 6760 526 700 1010 . © 1815 526 1800 - 940
4. Loss of Feedwater 0 526 1010 4] - 2235 549 420 1010
Pumps 3 526 3 1190 (0%) 2295 - 549 60 1010
10 Cycles . 13 526 10 1135 2296 542 1 1010 -~
233 300 220 . 135 ) 2356 -] 542 60 1010
2213 " 500 1980 1135 : T 2357 526 1 1010
2393 300 180 885 . . | 3057 526 700 1010
6773 500 4380 - 1135 9. Improper Startup 0 526 1010 3395
7193} 300 420 . .675 14147 | 1 Cycle t 130% 1 1010 (12%)
7493 300 300 - 675 (50%) : 27 130 26 1010
11093 400 3600 240 28 526 1. 1010
16457 549 5364 1010 . . - . 728 526 700 1010
16517 549 - 60 1010 10. Shutdown 0 549 1010 14147
16518 542 1 .1010 28294 . 300 Cycles . 6264 375 6264 170 (50%)'
17118 542 600 1010 (100%)' . 6864 330 600 " 88
17119 526 1 1010 16224 70 9360 50
. 17819 526 700 1010 R ) | 16924 70 700 50
6. Turbine Generator Trip 0 526 . 1010 28294 . 11. Design Hydrostatic - 100 - 0 1981
60 Cycles 10 526 10 1135 (100%) | Tost . ) ’ 1100 %)
’ 15 526 5 135 . 120 Cycles 50
30 526 15 . 940 12. Hydrostatic Test — 100 - 50 1981
1830 526 1800 940 1 Cycle 1563 {7%)
2250 549 420 1010 ' . 50
2310 549 60 1010
2311 542 1 1010
2911 542 600 1010
2912 526 1 1010
3612 526 700 1010
Notes: 1. The instant temperature change is assumed as 1 second time step.

" 2. The number of cycles is for 60 years {2]. X
3. 130°F is the safe end temperature for this transient. The blend radius has a different temperature for Transient 9. [2)

_Note: These transients are the same as in Table 2 with the exception of the 700 second steady state time increment that
is used. -The transients in Table 2 are plotted using a 6000 second steady state increment. The difference is.due
to the length of the Green’s Function for the safe end which is shorter compared to the blend Radius.
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Table 4: Blend Radius Stress Summary

1 2 3 4 5 [ 7 8 9 10 11 12 - 13
: Total M+B - Total M+B Total Total . Number
Totat M+8 Pressure | Pressure | Piping Piping Total M+8 of

Transient Time Stress | Stress | Temperature| Pressure | Stress Stress Stress Stress © Stress Stress Cycles
Number {s) {psi) {psi) F {psig) (psi) {psi] {psil {psi) {psi} - {psi} (60 years)
1 i} [3] 459 388 100.00; [o] 0 0] 16.64312] 16.64312; 475.64 404.64 300
4303 -3417 -1594 219.53 1010j 31613] 33976.4] -82.95209{ -82.95209 28113.05 32299.45i 300
22164, 2713 2306, 549.00 1010 31613] 33976.4] 265.7352] 265.7352| 34591.74 36548.14; 300
2 0.00 094 1934 549 1010 316 33976.4}] 265.7352| 265.7352 34972.74 36176.14 300
84.30 4079 2481 542 010 316 33976.4] 261.8518| 261.8518 35953.85] 6719.25 300
601.70] 3683 2435 538.8, 010] 316 33976.4] 260.0765] - 260.0765 35556.08 36671.48 300
680.10 5891 3489 526 1010 31613] 33976.4] 252.9754{ 252.9754 - 37756.98 37718.38] - 300
6602.00 2977 1859, 526 1010 31613] 33976.4] 252.9754| 252.9754 34842.98| 36088.38 300
3 Q.00 2959 1849 526 1010 31613]  33976.4] 252.9754| 252.8754) . 34824.98 36078. 10
1807.20 1834 1043 © 542 1010 316131 33976.4] 261.8518} 261.8518 33708.85 35281.2 10
2491.50 4425{ - 2667 526 1010 31613| 33976.4] 252.9754] 252.9754 36290.98i 36896.38 10
3974.40] 706] - 1060 : 542 1010 31613] 33976.4] 261.8518} 261.8518; 33580.85 35298.25 -10
6070.80 971 - 2551 526, 10101 31613] 33976.4] 252.9754| 252.9754 5836.98 - 36780.38 10
12060.00 2965 1852 526, 1010 31613}  33976.4] 252.9754] 2529754 ' 34830.98 36081.38 10
4 i [s) 2465 -703 526.00 1010 31613| 33976.4] 252.9754] -252.9754 34330.98 33020.42 10
3 2465 -703 526.00! 1190 37247] 40031.6{- 252.9754] -252.9754 39964.98|. . 39075.62 10
13 2465 -703 526.00 1135{ 35525.5] 38181.4] 2562.9754] -252.8754 38243.48 '37225.42 10
435.6] 18138 9690 356.38 1135{ 35525.5] 38181.4] 158.8774| 158.8774 53822.38! 48030.28: 10
22225 -1169 -2598 489.44 1135] 35525.5| 38181.4] -232.6952] -232.6952 34123.80, 35350.70 10
2665.5] 12763 6695 328.40 885| 27700.5] 29771.4] 143.3539] 143.3539 40606.85] 36609.75] 10
6779.2 -4008 -2829 497.05 1010 3161 33976.4| -236.9137] -236.9137. 27368.09 30810.49 10
7243.8] 19275 9965 302.91 1010 - 3161 33976.4]| 129.2122] 129.2122 51017.21 44070.61 10
13996 -2135 34 542.00i 1010 3161 33976.4] -261.8518| 261.8518 29216.15] 34272.25 10
17247 3413 2074 526.00 1010 31613] 33976.4| 252.9754] 252.9754 35278.98 36303.38, 10
23119 2971 1855 526.00 1010] - 31613| 33976.4] 252.9754| 252.9754 34836.98 36084.38, 10

5 0.001 2959 1849 526 1010, 31613] 33976.4] 252.9754] 252.9754 34824.98 36078.38 €

10.00 2959 1849 526 1135{ 35525.5] 38181.4] 252.9754{ 252.9754 38737.48 . 40283.38 [:

15.00 2959 1849 526 940 294221 * 31621.6] 252.9754| 252.9754 2633.98 33723.58 €
2269.50 111 295 549 1010 31613]  33976.4] 265.7352] 265.7352] 989.74 34537.14 60
3010.10 4407 2579 526 1010, 31613] 33976.4] 252.9754] 252.9754 36272.98 36808.38 60
8912.00 2968 1854 526 1010 31613] . 33976.4] 252.9754] 252.9754 34833.98 36083.38 60:
6 0.00 2959 1849 526.00 1010 31613] 33976.4] 252.9754] 252.9754 34824.98 36078.38 1
i .00 2959 1849 526.00| 1375]  43037.5 46256| 252.9754| 252.9754 46249.48; 48356.98 1
32.00 2959 1849 526.00 940 29422 31621.6] 252.9754| 252.9754 32633.984. 33723.58 1
2271.50 111 295 549.00] 1010 31613] 33976.4] 265.7352] 265.7352 31989.74 34537.14 1
3022.00 4407 2579 526.00, 1010 31613] 33976.4] 252.9754{ 252.9754] 36272.98 36808.38 1
8914.00 2968 1854 526.00 1010] 31613]. 33976.4] 252.9754] 252.9754 34833.98. 36083.38 1
Q.00 2959 1849 526 1010 31613 33976.4] 252.9754| 252.9754 34824.98 36078.38 1
6156.10] 20260 12980 374.581 170 532 5718.8| 168.9726{ 168.9726| 25749.97] 18867.77. .1
17580.00 279 179, 70 50 1565 1682 8] ) 1844.00 1861.00 -1
0.00 2959 - 1849 526 1010 31613] 33976.4} 252.9754] 252.9754 34824.98 36078.38 228
15.00 2859 1849 526 940 29422 31621.6| 252.9754| 252.9754 32633.98 33723.58 228
- 2254.50 i1 295 549 1010] 31613]  33976.4] 2657352| 265.7352) 31989.74 34537.14 228
2491.20 3792 2234 526, 1010, 31613] 33976.4] 252.9754] 252.9754 35657.98 36463.38 228
8357.00 2963} 1851 526, 1010 31613 33976.4| 252.9754] 252.9754 34828.98 080. 228
9 0 2058 961 525.8 1010 31613] 33976.4] 252.8645{ 252.8645) 33923.86 5190.26 1
0.52 1956 734 525.6| 1010 31613| 33976.4| 252.7535| 252. 75351 33821.75| 4963.15 1
28| 23747 3188 504.5 1010 31613] 33976.4] 241.0479| 241.0479 55601.05] 7405.45 1
425 1520 611 5255 1010 31613] 33976.4] 252.698] 252.698 3385.70 34840.10 1
12400 2058 879 5258 1010 31613] 33976.4] 252.8645] 252.8645] 33923.86 35108.26; 1
10 0 2767 2176 549 1010 31613] 33976.4] 265.7352] 265.7352 .34645.74 36418.14 300
4240.8 6643 4158 445.775 441 13803.3| 14835.24] 208.469] 208.469 20654.77 19201.71 300
6268 6498 3675 374.7 170 5321 5718.8| 169.0386{ 169.0386 “11988.04 9562.84 300
6891.8 9282 = 5241 329.228, 88 2754.4] 2960.32| 143.8121] 143.8121 12180.21 8345.13| 300
22224 361 120 70 50 1565] 1682] . 0 [s] 1926.00! 1802.00] 300
11 o 0 100 0 [4] Q] 16.64312] 16.64312 . 16.64 16.64 120
o Q 100 1100, 34430 37004] 16.6431 16.64 34446.64 37020.64 120
Q o} 100 50 1565 1682| 16.6431 16.64 . 1581.64 698.64 120
12 - 0 0 100 50 1565 168 16.64312] 16.6431 -__158164 €98.64 1
[y 4] 100 1563 48921.9] 52579.32] 16.64312| 16.64312 | 48938.54 52595.96 1
0 o] 100; 50 1565 1682| 16.64312| 16.64312 1581.64 - 1698.64 1

NOTES: Column 1: Transient number identification.
‘Column 3: Maxima or minima total stress intensity from P-V.OUT output file.

Column 5: Temperature per total stress intensity.
Column 6: Pressure per Table 2.

Column 10: Same as Column 9, but for M+B stress.

Column 11: Sum of total stresses (Columns 3, 7, and 9).

Column 12: Sum of membrane plus bending stresses (Columns 4, 8, and 10).
. Column 13: Number of cycles for the transient (60 years).

Column 7: Total pressure stress intensity from the quantity (Column 6 x 31300)/1000.
Column 8: Membrane plus bending pressure stress intensity from the quantity (Column 6 x 33640)/1000.
Column 9: Total external stress from calculation in Table 1, 280.16 psi*(Column 5- 70°F)/(575°F 70°F).

Column 2: Time during transient where a maxima or minima stress intensity occurs from P-V.OUT output file.

Column 4: Maxima or minima membrane plus bending stress intensity from P-V.OUT output file.
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Table 5: Safe End Stress Summ-ary

1 2 3 4 & € 7 - 8 9 10 11 12 13
. . Total M+B Total M+8 Total © Total Number
- Total M«B N Pressure | Pressure Piping - Piping Total M+B . of
Transient Time Stress Stress | Tempoerature! Prassure Stress Stress Stress Stress Stress Stross Cycles
Number (psiq) (psi) (psi) si (psi) . {psi) si (60 years'
1 -100.00 [4] [¥} 0] -339.1419] -339.1419 -1264.14 -1288.14 C
549.00 010 604.9 11463.5] -5414.966] -5414.966 375.92 1615,
549.00 010 604 .9, 11463.5] -5414.966] -5414.966 2440. 2343..
2 : 54 1010] 604 9 11463.5] -5414.966]| -5414.96¢€ 2351.9 23
54 010, 604.9 463.5] -5335 3] -5335.83C © 4605.0 3864.6
54 0190 604. 463.5] -5335.833] -5335 2496.07 2520.67
26 010 504.9] 463.5] 5154.958] - >4.95€ 17955.8¢€ 905.54
526 010 04, “11463.5] -5154.958] - 34,958 779.94 7 54
3 26 010, 1604.9. 463.5 54 34.958 761.94 786.54
5 42 010, 504.9. 463.5. 35.. 5.833 2104.07 2223.67
g" 526! 0190 504.9/ 463.5 54. 54.958 4517.94 4108.54.
7 4188 542 a10 04.9 463.5 35. 35.833 732.07 4267 1
0. =3 5 -3241 526 1010 304 . 1463.5. 54 54.958 134.94 3067.54
6760 -3687, -3522 526 1010 504. 1463.5 54. 54.958 2762.94 2786.54 1
4 0.00] -3756 -3716 526 - 1020 1719, 11577 54. 54.958 808.84 2706.04 [
00 -3756 -3716 526 1190 3673, S06.5 54. 54.958 4762.14 4635.54
13.00 3756 -37 526 1135] 13041.15 54. 54.958: 4130.19! 4011.29
242.30 1587 1004 302.374 1135 13041.15. 2 6.926 31546.08 25558.18
213.10 -638 -542 499.889 1135] 13041.15] B 1859.78, 1793.37 2594 .47
408.60 1320: 826¢ 301.443] 885{ 10168.65 0044.75 6.401 25988.05 20926.15
(‘7344@4 -A4763 4312 499.8094 1135{ 13041.15 2882.25 58.875 3419.27 - 37 7
193.10 15374 980 300 675 7755.75 7661.25 00.0: 25729.84 20062.34
6457.50 -481 -5032 549 249] 2757.6 2724 4.96€ -7469.37 -7722.97
16524.70 -235 -2725 542 1010 604.9 11463.5 5.8 911.07; 3402.67 1
7118.00 -377 -3610 541.996 010 04.9 11463.5 5.7 2491 .11 2517.71 1
7123.60 9. -406 010 04.9i 11463.5 34.958 17951.86 5902.54 1
17819.00. -367 -3509 010, 045_21 11463.5 >4.958 2779.84 2799.54
5 Q.00 -368! -35 010] 604.9 11463.5: 4.958 2761.94]. 2786.54
10.00 -368 -35 1135| 13041.15] 12882.25 >4.958 4198.19] . 4205.29)
30.00: -368: -352 .:* 940 0800.6: 10669] -5154.958] -5154.95¢ 1957.64 1992.04
250.10. -6054 ! 7 010 1604.9i 11463.5] -5414.966] -5414.96 135.93 711.83 60
319.90 -2977 -3123 010 -1604.9 11463.5] -5335.833] -5335.83: . 3292.07. 3004.67
911.00 -3782 -3613 019, 1604.9 11463.5] -5335.822]) -5335.82. 2487.08 2514.68
916.70 40 010 604.9 11463.5] 5154.958{ -5154.95! 17947.86 5900.54
3612.00 -367 -350! 010, 604.9 11463.5{ -5154.958] -5154.958 2779.94 2799 .54
6 0.00. -368: -352. 1010, 1604.9 114 5] -5154.958] - >4.958 2761.94 2786.54
.00 -368 -352 1375| 15798.75] 15606.25] -5154.958] - 54.958 6955.79 6929.29
32.00 -368! -352 940 10800.6 10669| -5154.9581 - >4.958 957.64 1992.04)
252.10 ~6054 -533 1010 E»O‘i,é’ 11463.5] -5414.966] -5414.966: 135.83 711.53
322.20 -2977 -312 1010 604.9 335.833] - 5.833 292.07] - '3004.67 1
913.00]  -3782 -3€ 1010 11604.9 5.822] -5335.822] 2487 .08 2514.68 -1
318.70 188 —40 1010 11604.9, 1463.5{ 5154.958} -5154.958 17947.86 5900.54 1
614.00, -3670] -350: o010 604.9 463.5] -5154.958] -5154.958 2779.94 2799.54 1
7 [} 22 ‘ 1010 604.9 11463.5] -5154.958] -5154.958 2761.94 2786.54
600 36 170 53,3 929 5] 3447.943) 3447.943 13174.24 10713.44,
1367.9 567 162 1861.38 838.7] -3212.488] -3212.488 -2741.11 -2940.79
11580.1 30! 50 .5 567.5 O| [s) 028.50; 757.50
12280 >89 50, .5 567.5 o 0. -132.50 -121.50 .
8 0.00 2 5! 1010 11463.5] -5154.958] -5154.958 2761.94 2786.94 28
15.00 ‘.2~ 5 940 10669 -5154.958] -5154.958 1957.64 1992.04 28
2235.10 37 549, 010 11604. 463.5] -5414.966] -5414. 966 135.93 711.53 28
2305.20 23] - 542 010 604.9 463.5] -5335.833] -5335.83 3292.07 3004.67
356.00 51 541.999 010 1604.9 1463.5 -5335.822] -5335.82 3086.0¢€ 2976.68
361.50 -28 6 010 1604.9 11463.5] 5154.958{ -5154.95 18520.86 6280.54
057.00 -3506; 526 010 1604.9 11463.5] -5154.958] -5154 958 2782.94 2802.54 2
9 0. -2837, 525.7 010. 1604.9 11463.5] -5151.566] -5151.566 3485.22] - 3474.82 "
27 45303 291.34 010 1604.9 11463.5] 2501.737] 2501.737 82579.74 59268.34
80.7 877 - 518.4 0190, 1604.9 11463.5] -5069.042] -5069.042; -5010.04 -2482.14
) 5200 83! 525.7 1010 604.9 11463.5] -5151.566] -5151.56 3486.2 479.78
10 O 709] . 5491 - 010 604.9 11463.5] -5414.966] -5414.966' 2444 .93 339.53
6864.2 -40! 329.9 170 853 1929.5| 2939.1€ -2939.162 5393.46 -1414.66
7455.5 3 -152 314.325 88 1011.12 998.8] -2762.029] -2762.029 -2933.9 -3291.23
16224.1 4 5] 0. 50 574.5 567.5 2] [s] 908.50 532.50
16924 - =763 70 50 574.5 567.5 [s] [s] -156.50 5.50
= 11 o a0 [ [4] 5] 39.1419} 339.1419 339.14 9.14 ]
. [o] 00| - 1100 12639 12485 39.14 339.14 12978.14 12824.14 ]
[e] 00, 50 574.5 567.5, 39.14 339.14 913.64 06,64 0
12 [¢] [¢]5] 50 574.5 : 5675 39.14 9. 14 313.64 )06.64
o 100 1563] 17958.87] 17740.05] 339.1419 2. 14 18298.01 18079.19
3] 100, 50 574.5 567.5] 339.1419 3.14 13.64 906.64

NOTES: Column 1: Transient number identification:

‘Column 2: Time during transient where a maxima or minima stress intensity occurs from P-V.QUT output file.
Column 3: Maxima or minima total stress intensity from P-V.OUT output file. -

Column 4: Maxima or minima membrane plus bending stress intensity from P-V.OUT output file.
Column 5: Temperature per total stress intensity.

Column 6: Pressure per Table 3.

Column 7: Total pressure stress intensity from the quantity (Column 6 x 11490)/1000.

Column 8: Membrane plus bending pressure stress intensity from the quantity (Column 6 x 11350)/1000.
Column 9: Total external stress from calculation in Table 1, 5708.89 psi*(Column 5-70°F)/(575°F -70°F).
Column 10: Same as Column 9, but for M+B stress. A :

Column 11: Sum of total stresses (Columns 3, 7, and 9). -

Column 12: Sum of membrane plus bending stresses (Columns 4, 8, and 10).

Column 13: Number of cycles for the transient (60 years).
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Table 6: Fatigue Results for Blend Radms (60 Years)

LOCATION = LOCATION NO. 2 -- BLEND RADIUS
FATIGUE CURVE =1 (1 = CARBON/LOW ALLOY, 2 = STAINLESS STEEL)
‘ om o= 2.0 o
n= .2
Sm = 26700. psi
Ecurve = 3.000E+07 psi

Eanalysis = 2.670E+07 psi

Kt = 1.00
MAX MIN RANGE MEM+BEND Ke Salt Napplied Nallowed 6]
55601. 17. 55584. 37389. 1.000 31227. 1.000E+00 1.951E+04 .0001
53822. 17. 53806.. 48014. 1.000 30228. 1.000E+01 2.161E+04 .0005
51017. 17. . 51001. 44054. 1.000 28652. 1.000E+01 2.547E+04 .0004
48939. 17. 48922. 52579. 1.000 27484. 1.000E+00 2.834E+04 .0000
46249, 17. 46233. 48340, 1.000 25974. 1.000E+00 3.443E+04 .0000
40607. - 170 40590. 36593, 1.000 22803. 1.000E+01 5.217E+04 ..0002
39965. 17.° 39948. ~39059. 1.000 22443. 1.000E+01 5.647E+04 .0002
.38737.. - 17. 38721.- 40267. 1.000 21753. 6.000E+01 6.592E+04 .0009
38243. 17. 38227. 37209. 1.000 21476. 1.000E+01 7.025E+04 .0001
37757. 17, 37740. 37702. 1.000 21202. 7.000E+00 7.486E+04 .0001
37757. 476. 37281. 37314. 1.000 20945. 2.930E+02 7.954E+04 .0037
36291. 476. 35815. 36492. 1.000 20121. 7.000E+00 9.705E+04 .0001
36291. 1582. 34709.  35198. 1.000 19500. 3.000E+00 1.096E+05 . .0000
36273. 1582. 34691. 35110. 1.000 19490. 6.000E*+01 1.098E+05 - .0005
36273. 1582. 34691. 35110. 1.000 19490. 1.000E+00 1.098E+05 .0000
35954. 1582, 34372. 35021. 1.000 19310. 5.600E+01 1.135E+05 .0005
35954. .1582.  34372. 35021. 1.000 19310. 1.000E+00 1.135E+05 0000
35954. 1582. 34372. 35021. 1.000 19310. 1.000E+00 1.135E+05 .0000
35954. 1844. 34110. 34858. 1.000 19163. 1.000E+00 1.167E+05 .0000
'35954. 1926. 34028. 34917. 1.000 19117. 2.410E+02 1.177E+05 .0020
35837. .1926.  33911. 34978. 1.000 19051. 1.000E+01 1.191E+05 .0001
35658. 1926. 33732. 34661. 1.000 18951. 4.900E+01 1.214E+05 .0004
35658. 11988. 23670. 26901. 1.000 13298.. 1.790E+02 5.728E+05 .0003
35556. 11988. 23568. 27109. 1.000 13240. 1.210E+02 5.955E+05 .0002
35556. 12180. 23376. 28326. 1.000 13133. 1.790E+02 6.411E+05 .0003
35279. 12180. 23099. 27958. 1.000 -12977. 1.000E+01 7.13BE+05 .0000
34973. 12180. 22793. 27831. 1.000 12805." 1.110E+02 8.050E+05 0001
34973. 20655. 14318. 16974. 1.000 8044. 1.890E+02 7.421E+07 ~ .0000
34843.  20655. 14188. 16887. 1.000 7971. 1.110E+02 7.983E+07 .0000
34843. 25750. 9093. 17221. 1.000 5108. 1.000E+4+00 1.000E+20 -0000
34843. 27368.  7475. 5178. 1.000+ 4199. 1.000E+01 1.000E+20 - .0000
34843. 28113, 6730. 3789. 1.000 ~ 3781. 1.780E+02 1.000E+20 .0000
34837.  28113. 6724. 3785. 1.000 3777.. 1.000E+01 1.000E+20 . .0000
34834. 28113. 6721. 3784. 1.000 3776. 6.000E+01 1.000E+20 .0000
34834. 28113, 6721. 3784. 1.000 3776. 1.000E+00 1.000E+20 .0000
34831. 28113. 6718. 3782. 1.000 3774. 1.000E+01 1.000E+20 .0000
34829. 28113. 6716. 3781. 1.000 3773. 4.100E+01 1.000E+20 .0000
34829. 29216. 5613. 1808. 1.000 3153. 1.000E+01 1.000E+20 .0000
© 34829. 31990. 2839. 1543. 1.000 1595. 6.000E+01 1.000E+20 .0000
34829. 31990. . 2839. . 1543. 1.000 1595. 1.000E+00 1.000E+20 .0000
34829. 31990. 2839. 1543. 1.000 1595. 1.160E+02 1.000E+20 .0000
34825. .31990. 2835. 1541. 1.000 1593. 1.000E+01 1.000E+20 .0000
34825. 31990. 2835. 1541. 1.000 1593. 6.000E+01 1.000E+20 .0000
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34825. 31990. 2835. - 1541. 1.000 1593. 1.000E+00 1.000E+20 0000
34825. 31990. 2835. 1541. 1.000 1593. 1.000E+00 1.000E+20 0000
34825. 31990. 2835. 1541. 1.000 1593. 4.000E+01" 1.000E+20 0000
34825. 32634. 2191. 2355, 1.000 1231. 6.000E+01 1.000E+20 0000

- 34825. 32634. 2191. 2355. 1.000 1231. 1.000E+00 1.000E+20 0000
34825. 32634. 2191. 2355. 1.000 1231. 1.270E+02°1.000E+20 0000
34646. 32634. 2012. 2695. 1.000 - 1130. 1.010E+02 1.000E+20 0000

. 34646. .33386.  1260. 1578. 1.000 708. 1.000E+00 1.000E+20 0000
34646. 33581. 1065. 1120. 1.000 598. 1.000E+01 1.000E+20 0000

. 34646. 33709. 937. 1137. 1.000 526. 1.000E+01 1.000E+20 0000
34646. 33822. 824. 1455. 1.000 463. 1.000E+00 1.000E+20 0000
34646. 33924.. © 122. 1228. 1.000 406. 1.000E+00 1.000E+20 0000
34646.  33924. 722. 1310. 1.000 406. 1.000E+00 1.000E+20 0000
34646. ~ 34124. 522. 1067. 1.000 293. .1.000E+01 1.000E+20 0000
34646. 34331. 315. 3398. 1.000 177. 1.000E+01 1.000E+20 0000

. 34646. 34447, 199. -603. 1.000 112. 1.200E+02_l.000E+20— 0000
-34646. 34592. 54. -130. 1.000 30. 3.500E+01 1.000E+20 OQOO
TOTAL USAGE FACTOR = 0108
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_ Table 7: .Fatigué Results for Safe End (60 Years)
LOCATION = LOCATION NO. 1 -- SAFE END '

FATIGUE CURVE = 2 (1 =. CARBON/LOW ALLOY, 2 = STAINLESS STEEL)
m= 1.7 ‘
n = .3 .
- Sm = 17000. psi
Ecurve = 2.830E+07 psi

Eanalysis = 2.700E+07 psi
' Kt = 1.53
.MAX © MIN RANGE MEM+BEND Ke  Ssalt Napplied Nallowed U
82580. -7469. 90049. 66991. 2.045 134573. 1.000E+00 6.765E+02 . .0015
31546. ~-7469. 39015. ~33281. 1.000 29691. 9.000E+00 6.857E+05 .0000
-31546. -5010. 36556. 28040. 1.000 26947. 1.000E+00 1.160E+06 .0000
25988. -2934. 28922. 24217. 1.000 21884. 1.000E+01 2.383E+06 L0000
25730.  -2934. 28664. - 23354. 1.000 21509. 1.000E+01 2.566E+06 .0000
18521. -2934. 21455. 9572. 1.000 13903..2.280E+02 9.710E+08 . 0000
18298. -2934. 21232. 21370. 1.000 17063. 1.000E+00 7.876E+06 .0000
17956. —-2934. 20890. 9197. 1.000 - 13502. 5.100E+01 1.000E+20 .0000
17956. -2741. 20697. 8846.. 1.000 13304. 1.000E+00 1.000E+20  .0000
17956. -1264. 19220.: 7194. 1.000 12071. 2.480E+02 1.000E+20 .0000
17952.. -1264. 19216. 7191. 1.000 12068. 1.000E+01 1.000E+20 .0000
17948. -1264. 19212. 7189. 1.000 12065. 4.200E+01 1.000E+20 .0000
17948. -157. 18104. 6096. 1.000 11181. 1.800E+01 1.000E+20  .0000
17948. -157. 18104. 6096. 1:000 11181. 1.000E+00 1.000E+20  .0000
13174. -157. 13331. 10909. 1.000° 10016. 1.000E+00 1.000E+20 .0000
12978. - -157. 13135. 13020. 1.000 10500.'1.ZQOE+02 1.000E+20 .0000
6956. -157. - 7112. 7125. 1.000 5706. 1.000E+00 1.000E+20 .0000
5393. -157. 5550. -1219. 1.000 2570. 1.590E+02 1.000E+20 ~ .0000
5393. -133. 5526. -1293. 1.000 2537. 1.000E+00 1.000E+20 .0000
5393. 136. 5258. -2126. 1.000 2165. 6.000E+01 1.000E+20 .0000
5393. 136. 5258. '-2126. 1.000 2165. 1.000E+00 1.000E+20 .0000
5393. . 136. 5258. -2126. 1.000 2165. 7.900E+01 1.000E+20 .0000
4762. 136. 4626. 3924. 1.000 3514. 1.000E+01 1.000E+20 -.0000
4605. 136. 4469. 3153. 1.000 3218. 1.390E+02 1.000E+20 .0000
4605. 339. 4266. 3526. 1.000 3215. 1.200E+02 1.000E+20 .0000
4605. 909. 3697. 3332. 1.000 2863. 4.100E+01 1.000E+20 .0000
-4518. 909. 3609. 3576. 1.000 2885. 1.000E+01 1.000E+20 .0000
4198. 909. 3290. 3673. 1.000 2744. 6.000E+01 1.000E+20 . .0000
4130. 909. 3222. 3479. 1.000 2655. 1.000E+01 1.000E+20 .0000
3911. 909. 3003. 2870. 1.000 2371. 1.000E+01 1.000E+20 .0000
3486. 909. 2578. 2947. 1.000 2170. 1.000E+00 1.000E+20 .0000
3485. 909. 2577. 2942. 1.000 2168. 1.000E+00 1.000E+20 .0000
3419. 909. 2511. 3179. 1.000 2199. 1.000E+01 1.000E+20 .0000
3292. 909. 2384. 2472. 1.000 - 1936. 6.000E+01 1.000E+20 .0000
3292. 909. 2384. 2472. 1.000 1936. 1.000E+00 1.000E+20 .0000
3292. 909. 2384. 2472. 1.000 1936. 9.600E+01 1.000E+20 .0000
3292. 914. 2378. 2098. 1.000 1829. 1.200E+02 1.000E+20 .0000
3292. 914. 2378. . 2098. 1.000 1829. 1.000E+00 1.000E+20 .0000
3292. 914. 2378. 2098. 1.000 1829. 1.000E+00 1.000E+20 L0000
3292. 1029. 2264. 2247. 1.000 1810. 1.000E+00 1.000E+20 .0000
3292. 1376. 191e6.- 1389. 1.000 1390. 9.000E+00 1.000E+20 .0000
3135. 1376. 1759. 1452. 1.000 1325. 1.000E+01 1.000E+20 . .0000
- 3086. 1376. 1710. 1361. 1.000 1274. 2.280E+02 1.000E+20 .0000
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28009. .1376. 1433. 1091. 1.000 1054. 1.000E+01 .1.000E+20 .0000 l
2783. 1376. 1407. 1187. 1.000 1067. 4.300E+01 1.000E+20 .0000
2783. 1732. 1051. “860. 1.000 790. 1.000E+01 1.000E+20 .0000
2783. 1793." 990. 208. 1.000 576. 1.000E+01 1.000E+20 - .0000 I
2783. 1958. = 825. 811. 1.000 658. 6.000E+01 1.000E+20 .0000

- 2783. 1958. 825. 811. 1.000 658. 1.000E+00 1.000E+20 .0000 .
2783. 1958. 825. 811. 1.000 . 658. 1.040E+02 1.000E+20 .0000 . l
2780. 1958. B22. 808. 1.000 655. 1.240E+02 1.000E+20 .0000
2780. 2104. 676. 576. 1.000 514. 1.000E+01 1.000E+20 .0000 :
2780. 2352 . 42_8.' 416. 1.000 340. 1.660E+02 1.000E+20 .0000
2780. 2352. 428. 416. 1.000 340. 1.000E+01 1.000E+20 .0000 I
2780. 2352. 428, 416. 1.000 340. 6.000E+01 1.000E+20 .0000
2780. 2352. - 428. 416. 1.000 340. 1.000E+00 1.000E+20 .0000
2763. 2352. 411. 403. '1.000 327. 1.000E+01 1.000E+20- . .0000 l
2762. 2352. 410. 403. 1.000 327. 1.000E+01 1.000E+20 .0000
2762. 2352. 410. 403. 1.000 327. 4.300E+01 1.000E+20 .0000
2762. 2441. 321. 443, 1.000 291. 1.700E+01 1.000E+20 -.0000
2762. 2441. 321. 443. 1.000 291. 1.000E+00 1.000E+20 .O’OOO, ’ l
2762. 2441. 321. ‘ 443. 1.000 291. 1.000E+00 1.000E+20 .0000
2762. 2441. 321. 443. 1.000 291. 2.280E+02 1.000E+20 .0000 .
2496. . 2441. 55. i177. 1.000 78. 5.300E+01 1.000E+20 .0000 _
2496. 2445, . 51. 181. 1.000 77. 2.470E+02 1.000E+20 .0000 l
'2491. - 2445. 46. 178. 1.000 74. 1.000E+01 1.000E+20 .0000
2487. 2445. 42. 175. 1.000 71. 4.300E+01 1.000E+20 - .0000
2487. - 2487.: 0. 0. 1.000 0. 1.700E+01 1.000E+20 .0000 I

TOTAL USAGE FACTOR = . .0015
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" Table 8: Material Properties (For Transient 9

1
)()'

SA-533 GrB SA-508 CI 2 SA-240 | SA-182F316
Material @400 °F @400 °F ‘Type 304 @300 °F
{Mn-1/2Mo- (3/4Ni-1/2Mo- @400 °F (16Cr-12Ni-
1/2Ni) 1/3Cr-V) (18Cr-8Ni) 2Mo)
Modulus ofpli:astlcny, e 274 6.1 26.5 270
Coefficient of Thermal L :
Expansion, e, infin/°F 8.0 RO 10.2, . 9.8
Thermal Bonductvity... 23.1 231 10.4 9.3
Thermal Diffusivity, ft“/hr 0.378 "~ 0.378 0.165 0.150
Specific Heat, Btu/Ib->F® 0.125 0.125 0.129 0.127
"Density, Ib/in® 0.283 - 0.283 0.283 0.283
Poisson’s Ratio . 03 0.3 , 0.3 0.3

Notes: ! Material Properties are evaluated at 400°F from the 1998 ASME Code, Section II, Part D,
with 2000 Addenda, except for density and Poisson’s ratio, which are assumed typical
values. This is consistent with information provided in the Design Input Record (page 13
of VY EC No. 1773, SI File No. VY-16Q-209). The use of a later code edition than that
used for the original design code is acceptable since later editions typically reflect more
accurate material properties than was published in prior Code editions. The safe end
material properties were used for 300°F, the Code table values closest to the average
temperature for the safe end for transient 9.

@ Calculated as [k/(pd)]/12°.
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Figure 1: External Forces and Moments on the Recirculation Outlet Nozzle -
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‘Figure 2: Nozzle and Vessel Wall Thermal and Heat Transfer Boundaries for Transient 9
File No.: VY-16Q-306 E , Page 27 of 34
Revision: 0
F0306-01R0



Structural Inlegrity Associates, Inc.

Teniperature (°F)

{_Temp (°F) == =Pressure (psig) I

600 = o . T 1100
i ) + 1050

as50

1 450
+ 400

'Temperature-(‘F)
. W
8

)
8

100 1

0 . 3000 . 6000 9000 12000 15000

Time (seconds)
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Figure 5: Transient 3 — Loss of Feedwater Heaters and Turbine Trip 25% Power
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Figure 6: Transient 4 — Loss of Feedwater Pumps
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Figure 7: Transient 5 — Turbine ‘Generator Trip
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Note: A typical set of two Green’s Functions is shown, each for a different set of heat transfer coefficients (representing
different flow rate conditions). '

Figure 13: Typical Green’s Functions for Thernial Transient Stress
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Figure 14: Typical Stress Response Uéing Green’s Functions

File No.: VY-16Q-306
Revision: 0

Page 34 of 34

F0306-01R0



Structural Integrity Associates, Inc.

APPENDIX A

SUMMARY OF OUTPUT FILES

TVY RON T TO.INP

Input File for Transient 9 Thermal Analysis

In Computer files

VY RON S T9.INP

Input File for Transient 9 Stress Analysis

In Computer files

LFSE.OUT .

Stress Output at Safe End

In Computer files

.| LFBR.OUT

Stress Output at Blend Radius

In Computer files

[ LFSE INSIDE.RED

Stress Extracted at Safe End

In Computer files

LFBR_INSIDE.RED

Stress Extracted at Blend Radius

In Computer files

- | LFSE_T.XLS Stress Results with Total Stress at Safe End In Computer files

1 LFSE_ M+B.XLS Stress Results with Membrane: plus Bendmg Stress at Safe In Computer files
End o

LFBR: T.XLS Stress Results w1th Total Stress at Blend Radius In Computer files

LFBR_M+B.XLS

Stress Results with Membrane plus Bending Stress at Blend
Radius

In Computer files

T9SE.OUT

Transient 9 Safe End stress output

In Computer files -

T9BR.OUT

Transient 9 Blend Radius stress output

In Computer files

T9SE Inside.RED

Transient 9 Stress Extracted at Safe End-

| In Computer files

TIBR Inside.RED

Transient 9 Stress Extracted at Blend Radius

In Computer files

T9BR_M+Bxls

Transient 9 Stress Results with Membrane plus Bending
Stress at Blend Radius

| In Computer files

T9BR. T.xls

Transient 9 Stress Results with Total Stress at Blend Radius

In Computer files

T9SE_M+B xls

Transient 9 Stress Results with Membrane plus. Bendmg
Stress at Safe End

In Computer files

In Computer files

TI9SE T.xls Transient 9 Stress Results with Total Stress at Safe End

FATIGUE.OUT Qutput file from FATIGUE.EXE ' In Computer files

FATIGUE.inp Input file for FATIGUE.EXE In Computer files

TRANSNT XX.inp | Input files for STRESS.EXE In Computer files

P-V XX.0UT Qutput file from P-V.EXE In Computer files
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1.0 OBJECTIVE

' The purpose of this calculation is to perform an ASME Section III, NB-3600 faﬁgue usage
“calculation (including environmental fatigue) for the Loop A NUREG/CR-6260 locations in the .
Reactor Recirculation (RR) and Res1dual Heat Removal (RHR) piping. :

The fatlgue calculatlon performed herein is not a certified ASME Code NB-3600 stress and fatigue
analysis. Rather, it is an evaluation for the purposes of establishing fatigue usage to accommodate
fatigue monitoring of the subject B31.1 piping. Although the PIPESTRESS program implements all

- ASME Code NB-3600 equations, only the fatlgue usage results are utilized. All stress limit checks,-

although calculated by the program, are ignored since satisfactory stress limit checks were performed
as a part of the already existing governing B31.1 stress analyses for all piping systems.

2.0 METHODOLOGY

21 Background

Since ASME Section III Design Specifications do not exist for the subject piping systems, SI -
developed transient definitions and expected number of cycles for the subject piping in a previous:
evaluation. These definitions are based on SI's experience in piping analysis at other BWR plants, as
well as review of VY-specific operating procedures, and are appropriate for BWR-4 plants and
tailored specifically to VY. Those transient definitions will reflect current plant operating conditions
as shown in references [7 through 10]. Using the PIPESTRESS computer code [5], heat transfer
analysis will be performed for the transients defined to estab1i$h the necessary parameters for use in
an NB-3600 fatigue evaluation. This will result in a detailed usage factor calculation for the RR and
RHR NUREG/CR-6260 locations from which to base the environmental fatigue evaluation. . -
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2.2 . Design Transients and Fatigue Arlalysis

The temperature time histories are obtained from the reactor thermal cycle dlagrams 7] [8] These
diagrams also provide the changes in flow rate and system pressures. These temperatures and
pressures were updated to account for EPU [9].

The computer p'rogram PIPESTRESS [5] was used, which is a full function, verified piping analysis
package. The ASME Code methodology for fatigue analysis of Class 1 piping systems requires
determination of the through-wall thermal gradient terms AT (linear gradient), AT, (nonlinear
gradient), and T,-T), (transition gradient) for each transient containing a non-trivial ramp rate.
PIPESTRESS calculates these terms for each thermal transient. Load sets were then developed for '
the critical time points of the transients, that include loads due to pressure, thermal expansion, OBE
seismic, and thermal gradient stresses. PIPESTRESS was then used to determine the range of
primary plus secondary plus peak stresses for each load set pair, and calculate the cumulatlve fatlgue
usage for the design numbers of cycles. :

3.0 ASSUMPTIONS/DESIGN INPUTS

The Code of construction for VY is ANSI B31.1, 1967 Edition [3, 10]. In order to take advantage of
improvements in the ASME Code that result in a lower calculated fatigue usage, this evaluation is
done to the ASME Boiler and Pressure Vessel Code, Section III, 1998 Edition with 2000 Addenda _
[1]. The 1998 Edition of Section III (with 2000 Addenda) has been accepted by the US NRC for use
in design analyses. Although there are a few restrictions on the application of this Edition, they
» mvolve the use of optional increased allowables that are not being used in this calculation.

The piping analysis input information was based on references provided by VY. The A_'DLPIPE input
file [6] was the source for the piping geometry, and pipe support locations and types. Additional
piping support information was obtained from plant drawings [15]. The pipe size, schedule,
insulation, and weight per foot, were obtained from [3] (page 10). The flow element located between
the pump and RHR return tee was not included in the model. The weight of the element would have

"no significant impact on the analysis and the element is remote from any areas of severe thermal
transients such as the RHR return tee. The weight of the contents was automatically added by the
PIPESTRESS program. The design temperature and piping material was obtained from reference [3]
(page 9). Table 1 summarizes the material properties used in this analysis.

" Reference [6] contains an SSE response spectrum. This spectrum wasiconservatively used as the
OBE spectrum in this analysis. Code case N-411 damping is utilized and dlrectlonal loadmg is
combined by. SRSS [3] (page 20).
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Per Reference [9] (Item 14, section 3.2. 1), the normal recirculation flow per loop, post EPU, is
12.3Mlbm/hr (at 526°F). Flow is converted to gpm as follows: = - :

. . | 3 :
0 = 12,300,000 2™ 1/t -_7'48§"l ( Lar ):32,316gpm
: hr 47.45lbm )\ - ft» .60 min »

Where flow is stopped, a ﬂow rate that gives an equivalent natural convection heat transfer
. coefﬁ01ent is calculated.

The applicable transients to consider for the RR and RHR systems are shown in the thermal cycle
diagrams [7] and [8]. Level C transients are not required to be included in the fatigue analysis per -

' NB-3224.4. Reference [3] describes which transients are considered level C. Note that a transient
for RHR initiation is not accounted for on these diagrams. In order to account for this transient, RHR
temperature data from RFO 25 [11] was used to conservatively determine an appropriate temperature
change while reference [12] was used to determine flow rates and pressures. Table 2 describes each
section and Figure 1 shows the piping model with node numbers. Table 3 contains a list of applicable
transients. (Note that the transient RHR initiation contains a section 3B. This section accounts for the
portion of the recirculation pump discharge piping that is affected by this transient.) OBE cycles are
not listed in Table 3 but are included as Load Set 26 for +OBE and and'Set 27 for ~OBE. A review
of shutdown cooling mode operation since the recirculation piping was replaced in 1986 was
performed by the station and the number of cycles per loop was conservatively estimated to be 150
through year 60 [10]. Based on this, the cycle counts for the Recirculation piping were reduced by a

- factor of 150/300 (50%) for all transients with the exception of transients that have fewer than 10
transient cycles. ' ' ' ' '

To ensure this cycle reduction adequately considered the potential impact on carbon steel RHR
piping, the full number of transient cycles [7] was: 1n1t1a11y applied to the PIPESTRESS model and the
highest CUF for the carbon steel portion of the RHR piping, which has not been replaced, was lower
than the value obtained for the recirculation. piping with reduced cycles, The Recirculation and RHR
line sizes are specified in reference [3] and are shown in Table 4.

. . . - -
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- The material properties applied in the ana/yses are taken from ASME Sect/on it PartD 1 998 Edition with- 2000
Addenda. This is consistent with information provided in the Design Input Record (page 13 of VY EC No.- 1773,
S! File No. VY-16Q-209). The use of a later code edition than that used for the original design.code is
acceptable since later editions typrcal/y reflect more accurate materlal properties than was published in pr/or

Code editions.

_Table 1: Méterial Properties [1] {3]

ASTM A-106 Grade B (C-Si)
" | Coefficient of
: Linear Mean Coefficient | Design
| Young’s Thermal Thermal Thermal of Thermal Stress | Yield
Temperature| Modulus | Conductivity | Diffusivity |  Expansion: Expansion (10-6 | Intensity | Strength
CF) | (x10°psi) | (Biuwhr-f-°F) | (fmr) (in/100 ft) /in/in/°F) (ksi)- | (ksi)
70 29.5 27.5 0.529 -0.00 6.40 20.0 350 -
100 -29.3 276 0512 0.20 : 20.0 35.0
200 28.8 27.6 . 0.486 1.00 20.0 32.1
300 28.3 272 0.453 __1.90 - 200 31.0
400 27.7 26.7 . 0.428 2.80 20.0 29.9
500 273 25.9 0.398 3.70 18.9 28.5
. 600 26.7 250 0.374 4.70 173 [ 268
ASME SA-376 TP 316 (16Cr-12Ni-2Mo)
Coefficient of | .
: Linear Mean Coefficient | Design
Young’s Thermal Themmal ‘|  Thermal of Thermal. - -Stress Yield
Temperature | Modulus | Conductivity lefUSlVlty Expansion Expansion (10-6 | Intensity | Strength
(°F) (x10° psi) | (Btw/hr- ﬁ-"F) (ft’/hr) (in/100 ft) /in/in/°F) - (ksi) (ksi)
70 28.3 82 0.139 0.00 . 8.50 20.0 30.0
100 28.1 8.3 0.140 - 0.30 20.0 30.0
200 27.6 .8.8 0.145 1.40 20.0 259
300 27.0 . 9.3 0.150 2.50 20.0 23.4.
400 265 9.8 0.155 3.70 19.3 214 -
© 500 25.8 10.2 0.160 5.00 18.0 20.0
600 253 10.7 0.165 6.30 17.0 189
ASME SA-403 WP 316 (16Cr-12Ni-2Mo)
Coefficient of .
Linear Mean Coefficient | Design
: Young’s Thermal Thermal Thermal of Thermal Stress Yield |
Temperature| Modulus Conductivity Diffusivity Expansion Expansion (10-6 | Intensity | Strength
(°F) (x10° psi) |. (Bwmr-8-°F) |  (f%mr) (in/100 f) fin/in/°F) (ksi) (ksi)
70 28.3- 8.2 0.139 0.00 8.50 200 - |- 300
100 281 8.3 -0.140 0.30 20.0 30.0
200 1276 838 0.145 1.40 200 25.9
300 27 9.3 0.150 2.50 20.0 23.4
400 26.5 - 9.8 0.155 3.70 . 18.7 21.4
500 258 10.2 0.160 5.00° 17.5 20.0
600 25.3 10.7 0.165 6.30 16.4 18.9
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Table 2: Recirculation and RHR Plpmg Segment Numbers

Piping .Node Points
Region Start End Descnptlon
1 3. . 500 Outlet .
2 500 - 50 Pump suction
3 150 210  |Pump discharge
3B* 188 210 ~ |Down Stream of RHR Return
4 210 . 340 Inlet Header
: 210 320 Inlet Header
5A 340 365 Riser
. 5B 340 345 |Riser
- 5C 210 334 Riser
5D 320 325 Riser
5E 320 315 [Riser
6A - 365 366 inlet Nozzle
6B 345 346 Inlet Nozzle
6C 334 336 |inlet Nozzle
- 6D 325 326 Inlet Nozzle
6E 315 316 Inlet Nozzle
7A 500 550 |RHR Supply; tee to valve
7B 550 565 RHR Supply; valve to penetration
-8 - | 152 176 |4" Bypass '
9A - 600 660 . |RHR Return; valve to tee
9B 660 675 RHR Return; penetration to valve -

*Only applicable for RHR initiation
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Figure 1. Recirculation and RHR Piping Diagram
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Table 3: VY Th.erma’l Transients

Thermal Canditians {4) [7) [8} [10] Pressure Ne.
Transient Deseriptian Piping Oper. Tiw Toast Time Rate * Flow {9] Initial Final of
Case Region | Temp. °F) [\i) %3] (sec) CF/hr) @m | (psig (psig) | Cycles [10)
1 100 70 100 1800 60 2262 ) 1,100
2 100 70 100 - 1800 60 2,162 0 1,100
3 100 70 100 1800 60 2262 0 1,100
4 100 70 100 1800 60 905 0 1,100
Design Hydrotest [ 100 70 100 1800 60 452 [ 1,100
1 ook Test) + 6 100 70 100 1800 60 452 0 1100 60
. A 4100 70 100 1800 60 0 0 1,100
B 100 70 100 1800 60 ¢ [ 120,
8 160 70 100 1800 60 0 0 1,100
9A 100 70 100, 1800 60 0 0 1,100
9B 100 70 100 1800 . 60 0 0 1,100
1 100 100 100 1800 0 2,262 1,100 50
2 100 100 100 1800 Q 2,262 1,100 50
3 100 100 100 1800 [ 2,262 1,100 50
4 100 tag too 1800 @ 905 1,100 50
10 0 100 1800 0 11
2 Design Hydratest : mg : :go 100 1800 o :Z: 1\32 ;0; 0
(Leak Test) - ,
1A 100 100 100 *1800 [ 0 1,100 50
1B 100 100 100 1800 ° i 120 50
8 100 100 100 1800 ° 0 1,100 50
9A 100 100 100 1800 S0 0 1,100 50
9B 100 100 100 1800 0 0 1,100 50
1 549 100 549 16164 100 16,158 50 1,010
2 549 100 549 16164 100 16.158 50 1010
) 549 100 549 16164 100 16,158 50 1,035
4 549 100 . 549 16164 100 6,463 50 1,035
.S 549 100 549 16164 100 3,232 50 1,035
3 Startup 6 549 100 549 . | 16164 100 3,232 50 1,038 150
7A 549 100 549 16164 100 300 50 1,010
b(:] 150 100 150 16164 0. 0 50 120
8 549 100 sa9 16164 100 168 50. 1,035
%A 549 100 549 16164 100 0 50, 1,035
9B 150 100 150 16164 1 0 50 1,035
[ 542 549 542 ] STEP 32,316 1,010 1010
2 542 549 542 0 STEP 32,316 1,010 1010
3 542 549 542 [ STEP 32316 1,035 1,035
4 542 549" 542 0 STEP 12,926 1,035 1,035
Turbine Roll & 5 542 549 542 o STEP 6463 1,035 1035
4 l‘,‘:ﬁf ‘S‘::m 6 542 549 542 0 STEP 6.463 1035 1,035 290
0 A 542 549 542 ) STEP 364 1010 1010
78 150 150 150 ¢ STEP 0 120 120
8 542 549 542 0 STEP 335 1,035 1,035
9A 542 549 542 0 STEP 520 1,035 1,035
98’ 150 150 150 0 STEP 9 1,035 1,035
1 526 542 526 0 STEP 32,316 - 1,010 1,010
2 526 542 526 0 STEP 32316 1,010 1,010
3 526 542 526 0 STEP 32,316 1,035 1,035
o 4 526 542 526 o * STEP 12,926 1,035 1,035
) purbine kU & s 526 542 526 0 ‘STEP 6463 1.035 1,035
5 Powor + SCRAM 6 526 542 526 o STEP 6,463 1,035 1,035 290
2 7A 526 542 . 526 0 STEP 358 1,010 1,010
78 150 150 150 o STEP .0 120 120
8 526 542 526 0 STEP 335 1,035 1,035
9A 52" 542 526 0 STEP i1 1,035 1,035
9B 150 150 150 [ STEP 0 1,035 1,035
I 542 526 542 900 64 32,316 1.01¢ 1,010
2 542 526 542 900 64 32316 Lo10 1010
3 542 526 542 - 900 64 32,316 1,035 1,035
4 542 526 542 900 64 12,926 1,035 1,035
Loss of 5 542 526 542 900 ° 64 6,463 1,035 1,035
6 Feedwater Heater,) 6 541 526 542 900 64 6_463‘ 1,035 1,035 5x2
Turbine Trip (+) A 542 526 542 900 64 358 1,010 1,010
7B 150 150 150 900 0 0 120 120
8 - 542 526 542 900 64 335 1,035 1,035
9A 542 526 542 900 64 511 1,035 1,035
9B 150 150 150 900 0 0 1,035 1,035
[ 526 542 526 360 160 32316 1,010 1,010
2 526 542 526 . 360 160 32,316 1010 1010
3 526 542 526 360 160 32316 1,035 1,035
4 526 542 526 | 360 160 1292 1,035 1035
Loss of 5 526 542 526 360 160 6,463 1,035 1,035
7 Feedwater Hedter) 6 526 542 526 360 160 6.463 1,035 1035 5x2
Turbine Trip (-) 74 526 542 526 360 160 358 1,010 1,010
"B 150 150 150 360 0 0 120 120
8 526 542 526 360 160 335 1,035 1035
94 526 542 526 360 160 s11 1,035 1,035
9B 150 150 150 360 0 0 1,035 1,035
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. .
Table 3: VY Thermal Transients (continued) I
. Therraal Conditions (4] (7] [8] [10] . Pressurc No.
Transient Description Piping Oper. Tion Tt | Time Rate Flow [9] - Initial Final of
Case Region | Temp.°P) CF) CF) (sec) CFh | (gpm) (prig) psip | Cyetes (10]
[ 516 526 | 516 | o STEP 32316 1010 1,010
2 516 526 516 0 STEP 32,316 1,010 " 1010
3 s16 526 516 0 STEP 32316 1,035 1,035
4 " 516 526 516 [ STEP 12,926 1035 1035
Loss of s 516 " 52 ©s16 [ STEP 6,463 1035 1,035
8 :x;",‘;;’l*:!‘::r 6 516 526 516 0 STEP 6463 1035 | 103 35 l
 Bypass (4 A s16 526 516 o STEP. 351 1.010 1010
. B . 150 150 150 o STEP 0 120 120
8 516 526 516 0 - STEP 335 1035 1,035
9A 516 526 si6° 0 STEP " 502 1,035 - 1,035
9B 150 150 150 0 STEP [ 1,035 1,035
i 526 516 526 ICH STEP 32316 1,010 1010
2 526 516 . s26 1 STEP 32316 1,010 1,010
3 526 516 526 [} STEP 32316 1035 |° 1038
4 526 - 516 526 0 STEP 12,926 1,035 1,035
Loss of s 526 - 516 526 0 STEP 6.463 1,035 1,035
9 Fecdwater Heater| 6 526 si6 526 0 STEP 6463 1,035 1035 35 I
Partial FW Heated] - ! !
. Bypass (+) 7A 526 516 -526 0 STEP 351 1010 1010
B | 150 150 150 0 STEP 0 120 120
8 526 516 526 0. STEP 335 1,035 1,035
9A 52 516 526 0 STEP 502 1,035 1,035
9B 150 150 150 0 STEP o 1,035 1,035
[ 300 526 300 220 3698 600 1,190 1135
H 300 526 300 220 3698 600 1,190 1,135
3 300 526 300 - 220 3698 | 600 - 1215 1,160 -
Loss of 4 300 526 300 220 © 3698 w00 |- 1215 1,160 .
Feedwater Pumps| s 300 526 300 220 3698 200 | 1215 1,160 :
10 (Isolation Valves 6 300 526 300 220 3698 200 1215 1160 5.
Close) Ist step 7A 300 526 300 220 3698 . 306 1,190 1135 :
down k) 150 150 150 ool - [ 0 120 - 120
8 300 526 300 220 3698 6 1215 1,160
9A 300 - 526 300 220 1698 a7 | s 1,160
9B - 150 150 150 001 0 0 1215 1,160
1 500 300 500 1980 364 600 885 1,135 :
2 500 300 500 1980 364 600 885 1,135
3 500 300 500 1980 364 | 600 910 1,160
Loss of 4 500 300 500 1980 364 400 910 | 1160
Feedwater Pumps 5 500 300 500 1980 364 200 910 | 1160
u (Isolation Valves 6 500 T o300 500 1980 364 - 200 910 1.160 5X2
Clase) Ist & 2ad 7A 500 300 500 © igso 364 301 . 885 1,138
stepup 78 150 . 16 | 150 001 0 0 120 120
8 500 300° 500 1980 364 6 910 1,160
94 500 300 - 500 1980 364 429 910 1160
9B 150, . 150 150 . 001 . 0 0 910 - 1,160
1 300 500 300 180 4000 600 1.135 675
2 300 500 300 180 4000 600 1135 675
3 300 500 300 180 4000 600 C o160 700
Loss of 4 300 . 500 300 180 4000 400 1,160 700
Feedwater Pumps| s 300 500 300 180 4000 200 ©oL160 700
12 (Isolation Valves 6 300 500 300 180 4000 200 1,160 700 5X2
Close) 2nd & 3ed 7A 300 500 300 180 4000 301 1135 675
step down B 150 150 150 0.01 0 ° 120 121 I
8 300 500 300 - 180 4000 6 1,160 700
94 300 500 300 180 4000 429 - 1,160 700
9B 150 150 150 001 [ o 1,160 700
1 549 300 549 8964 . 160 N 16,158 240 1,010
2 549 300 549 8964 100 16,158 "240 1010
3 549 300 549 8964 100 16,158 265 1,035
Loss of 4 549 300 se9 | 8964 - 100 6,463 265 1035
Feedwater Pumps, s 549 300 549 8964 100 3232 265 1,035. .
‘ 13 (Isolation Valves 6 549 . 300 549, 8964 100 3232 265 1,035 5
Close) last step 7A 549 300 549 8964 100 310 240 1010
ue B 150 | 150 150 8964 100 0 120 120
8 549 300 549 8964 100 168 265 1,033
9A 549 300 549 8964 100 443 265 1,038
9B 150 150 150 8967 100 [ 265 1035
1 549 526 549 0 STEP 12316 1010 1,010
2 549 s26 | 549 0 STEP 32316 1,010 S1010
3 549 526 549 o STEP 32316 1,035 1,035
4 549 526 549 0 STEP 12,926 1,035 1,035
. 5 549 526 549 0 STEP 6,463 1,035 1,035
» | Reduction to 0%
14 Power 6 549 526 549 [} STEP 6,463 1,035 1,035 150
: 7 549 526 549 0 STEP 360 1010 1010
7B 150 150 150 0 STEP 0 120 120 .
3 549 526 549 [ STEP 135 1,035 1,035
9A 549 526 549 0 STEP 514 1,035 1,035
N L 150 150 0 STEP [ 1,035 1035
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‘Table 3: VY Thermal Transients (continued)

Thermal Conditions {4] (7] (8] (10]  ~ : Pressure No.
Tiansient Description Piping Oper. Tom Tt Time Rate Flow 9] Tnitial - Final of
Case - Region | Temp. (°F) CF) i) (sec) CFfhr) (zpm) (psig) (pslg) | Cycles[10]
1 375 549 375 6264 100 (6,158 1,010 (70
2 375 549 . 375 6264 100 16.158 1,010 170
3 375 549 375 6264 100 16,158 1,035 195
4 375 549 375 6264 100 6,463 1035 ° 195
5 375 549 375 . 6264 100 3.232 1,035 195
15" Shutdown 1 6 375 549 375 6264 100 3232, 1038 195 150
7A 315 549 - 375 6264 we |- 320 1,035 170
7B 150 150 - 150 0.01 0 0 120 120
8 375 549 375 6264 100 168 ©1038 195
%A 375 549 .35 6264 100 458 1,035 195
9B - 150 150 150 0.01 0 0 1,035 195
i 330 375 330 600 270 16,158 170 90
2 330 375 330 | 600 270 16.158 170 90
3 330 378 330 . 600 270 16,158 195 115
4 330 375 330 600 270 6,463 195 1s
5 330 375 330 600 270 3232 195 Sns
16 Shutdown 2 6 330 375 330 | eco 270 3232 195 ns 150
74 330 375 330 600 270 282 170 0
7B 150 150 150 600 ) 0 120 90
8 330 375 . 330 600 270 168 - 195 s
9A 330 375 330 T 600 270 403 195 Sons -
98- 150 . 150 150 600 0 0 195 15
1 225 330 225 - 3780 100 16,158 90 0
2 " 225 330- 225 3780 100 16,158 90 -0
3 225 330 225 3780 100 16,158 1HE 25
4 225 330 225 C 3780 100 . 6463 . HE 25
s 225 130 225 3780 100 3,232 s 25
17 Shutdown 3 6 225 330 225 - 3780 100 3232 lES 25 i50
. 1A 235 330 225 3780 100 260 90 0
* . 7B 150 156 150 . [ o o 90 0
' 8 225 330 225 3780 oo -] 168 | us Looas
9A 225 330 25 3780 100 260 - f . 11S 25
9B - 150 150 150 [ 0 [ 115 2
1 0o - 225 100 . 4500 100 22,858 0 o
2 100 225 <0 4500 100, 16158 | - -0 °
3 100 225 100 4500 - 100 16,158 25 25
3B 100 225 100 4500 100 22858 25 25
- 4 100 225 100 T 4500 100 9,143 25 25
. (Rf;;”:l‘;“;m 5 100 225 100 4500 o | asm2 25 - 25 150
is on) 6 100 225 100 4500 100 4572 25 25
R 7 100 225 100 4500 100 6,700 0 o
ki) 100 225 100 4500 100 6,700 o ¢
8 100 225 100 4500 100 168 - 25 .2
9A 100 225 100 4500- 100 6,700 100 100
9B 100 225 100 4500 100 6,700 100 100
1 100 100 100 001 0 2,262 .25 1,563 |
2 100 100 100 0.01 0 2.262 .25 1,563
3 100 100 100 0.01 0 2262 25 1,563
4 100 wo 100 0.01 0 905 25 1,563
H 100 100 100 0.01 0 452 25 1,563
19 Code Hydro 6 100 100 . 100 0.01 ] 452 25 1,563 1
7A 100 100 100 0.01 0 158 25 1,563
7B 100 100 100 0.01 0 0 0 450
8 100 100 100 0.01 0 23 25 . 1,563
“9a 100 100 100 0.01 K 26 25 1,563
98 100 100 100 -0.01 Q [ 25 1,563
1 225 225 225 - 01 [ 22,858 ) 0
2 25 - 225 225 0.01 0 16,158 0 0
3 225 225 225 0.01 0 16,158 25 s
3B 225 180 225 60 2700 22,858 25 - 28
4 215 180 - 225 60 2700 9,143 25 25
. 20 RHR Initiation H 225 180 225 60 2700 - o452 25 25 150
) 6 225 180 225 60 2700 4572 25 25
A 225 225 225 60 0 6,700 0 0
7B 225 150 225 60 4500 6,700 0 0
8 225 225 225 . 001 0 237 25 25
9A 225 70 225 60 9300 6,700 25 25
9B 225 70 225 60 9300 6,700 25 25 .
1 225 225 225 0.01 . 0 22858 o 0
2 223 225 225 0.01 [ 16,158 [ ]
3 225 225 225 0.01 o 16,158 25 25
3B 180 225 180 60 2700 22,858 25 T2
4 180 225 180 &0 2700 9,143 25 25
2 REIR titiation s 180 225 180 60 2700 4572 25 25 150
© 6 180 225 180 60 2700 4,572 25 25
A To22s 225 225 60 0 6,700 0 0
B 150 150 150 0.01 o 6,700 9 0
8 225 225 225 0.01 0 237 25 25
ETN 70 225 70 60 9300 6,700 25 25
93 70 150 70 60 9290 6,700 25 25
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Table 4: Recirc/RHR Piping Size Information [3]

Regions 1,2 3 4 5 6 | 7A,7B | 8 | 9A,9B
Piping Nom. O.D. (in.) | 28.169 | 28339 | 21.878 | 12.748 | 14.17 | 20 | 45 24
Piping Nom. Wall (in.) | 1.244 | 1339 | 1.043 | 0685 | 1.395 | 1.031 | 0.3385| 1217
"Pipe Weight' (Ib/ft) 386.1 | 4151 | 2572 | 1034 | 2075 | 2219 | 232 | 3165

Note:
1. Weight of contents automatically added by the PIPESTRESS Program.

4.0 ANALYSIS

. Through-wall thermal gradient terms were calculated by the PIPESTRESS program for all of the
transients. Thermal transient cases were modeled for each transient, as shown in Table 3. Some -
transients were similar in nature and were lumped together and the number of cycles added together
Listings of the PIPESTRESS input files are included as Append1x A.

The forces and moments due to thermal expansion need to be included in the fatigue evaluation.. The
thermal expansion cases as analyzed by the piping program, PIPESTRESS, correspond to the end
-temperature and pressure of the transient. Table 5 lists the thermal expansion cases.

The material properties were obtained from the ASME Code Section III, 1998 Edition AppendiX I
with 2000 Addenda [1]. E and o are taken at 70°F, and k, p, and Cp are taken at the average
. temperature over the range of the individual transients.

The 1ntemal heat transfer coefficient h for the transients with flow occurrmg in the pipe is calculated »
based on the following relation for forced convection [13]:

h=0.023 Re**Pr* k/D

Where Re = Reynolds number

‘ Pr = Prandtl number
k = Thermal conductivity
D = Pipe diameter
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The heat transfer coefﬁ01ents were calculated by PIPESTRESS using the above relatlon The flow
rates described for each transient in Seéction 3 were used. For the transients where flow is stopped,
“the natural convection heat transfer coefficient was used. The formula for his [13]:
h= 0.55 (Gr Pr)*k/L :

Where Gr= Grashof Nurhber
L = Pipe diameter

PIPESTRESS only has the forced convection heat transfer formula built in, so an equivalent flow rate
was determined that would give the same heat transfer coefficient as the free convection coefficient.

Since the replacement of the Recirculation piping [10], HWC conditions exist for 39% of the time,
and NWC conditions exist for 61% of the time. This is based on 17.5 years of operation with NWC
‘between March and July 1986 when the piping was replaced and November 2003 when HWC was
implemented and the 46 years from March 1986 to the end of the period of extended operation in
“March 2032. Using the bounding EAF multipliers (8.36 for HWC and 15.35 for NWC) [14] an -
overall multiplier may be calculated as follows:

(1 5.35)0.61 +(8.36)0.39 = 12.62

Table 5: Thermal Cycle Load Sets

i Region Temperatures (°F) Region Pressures (psig)
Londset | ooent 1 : | 3 3B | .4 5 6 |- B | 8 9A 9B L2740 (SSRGS g 38
) 1 100 100 100 - 100 100 100 100 100 100 100 100 1100 1100 120
2 2 100 wo | o |- 100 | 100 100 100 100 100 100 100 50 50 50
3 3 549 549 549 - 549 549 549 1 sa9 150 549 549 150 1010 1,035 . 120
4 4 542 542 542 - 542 542 542 542 150 542 542 150 1,010 1,05 | 10
5 5 526 526 526 - 526 526 © 526 526 150 526 526 - 150 1,010 1,035 120
6 6 542 542 542 - 542 542 542 542 150 542 sz | 150 1,010 1,035 120
7 7 526 526 526 - 526 526 s26 | - 526 150 526 526 150 1,010 Tness ) e
8 3 516 516 516 - se sl6 516 516 150 516 st6 -150 - 1,010 1,035 120
9 9 s26 | s 526 < s 526 526 526 |7 150 526 526 150 1010 1,035 120
10 10 300 300 300 - 300 300 300 300 150 300 300 150 1,135 1,160 120
il T 500 500 500 - 500 500 500 500 150 500 500 150 1,135 1,160 . 120
12 o 300 300 300 - 300 300 300 300 150 300 300 150 675 700 121
13 13 549 549 549 - 549 549 549 549 150 549 549 150 1,010 1,035 120
14 Mo 549 549 | - 549 - 549 549 549 549 150 549 | s49 i50 1,010 1,035 120
15 15 375 375 375 - 375 375 375 375 150 | 375 375 150 170 195 120
16 16 330 330 330 - 330 330 330 | 30 150 330 330 150 90 .o %0
17 17 225 ns | w5 | - 225 225 25 .| 225 150 225 25 150 o 25 o
18 18 100 100 100 too 160 100 100 100 190 | 100 100 | 100 0 25 0 25
19 v 100 100 100 - 100 100 100 100 100 |00:' 100 e | 1,563 1,563 - 450
20 ‘20 225 225 225 225 225 225 225 |, 225 225 225 225 | 22 0 1 25 0 25
21 21 225 225 225 180 180 180 180 225 150 225 70 70 0 25 ) 25
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5.0 RESULTS OF ANALYSIS

To perform the fatigue analysis, program PIPESTRESS [5] was used. PIPESTRESS calculates the -
thermal expansion and seismic moments, the ASME Code Equation 10, 12, ‘and 13 stresses, performs
the thermal stress ratchet check, and performs fatigue analysis per Equation 11 and 14. For each
operating state of the recirculation/RHR piping, load sets are created. A load set includes the
coincident pressure, thermal expansion moment, through-wall thermal gradient terms, number of
cycles, and temperature at which the allowable Sy, is taken. In general, the pressures and thermal
“expansion moments are taken at the end point of the transient, the thermal gradients taken at the point
of maximum total thermal gradient stress during the transient, and the Sy, allowable is initially
conservatively taken at the highest temperature of the transient. Table 5 lists the inputs to the load
sets. ' :

- In calculating fatigue, the range of stress in going from one load set to another is determined. Since
the Code assumes that any transient could follow any other, all pairs-of load sets are evaluated to
determine the range of stresses for the Code stress equations. The number of allowable cycles for
each load set pair is determined. The incremental fatigue usage is obtained by dividing the number of

‘ design cycles by the allowable cycles. The incremental fatigue usages for all load set pairs are then
summed to obtain the total fatigue usage.

_The cumulative fatigue usage for the Loop A recirculation RHR return isolation valve-to-pipe
location (Node 641), prior to considering environmental effects, is 0.0128. Taking into account
environmental effects, the bounding multiplier for stainless steel is 12.62. This results in a total
fatigue usage of 0.1615. (Note that since the RHR carbon steel piping has not been replaced, these
results represent the full projected 60 year cycle count.).

- The cumulative fatrgue usage for the RHR return tee (Node 600), prior to considering environmental
effects, is 0.0590. Taking into account environmental effects, the boundlng multiplier for stainless
. steel is 12.62. This results in a total fatigue usage of 0.7446.

Appendlx A contains the PIPESTRESS mput ﬁles Appendix B contains the fatrgue usage summary
- for both locations. :
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APPENDIX A

PIPESTRESS Input Files

Input File

Description

Recirc_15.fre

Piping model and general input |
-] for reduced cycle count

Piping model and general input

RHR_I5.fre. for 60 year cycle count
Regl.inp Region 1 transient definitions
Reg2.inp Region 2 transient definitions
Reg3.inp Region 3 transient definitions -
Reg4.inp Region 4 transient definitions
RegS5.inp Region 5 transient definitions
Reg6.inp Region 6 transient definitions
Reg7A.inp - - Region 7A transient definitions
Reg7B.inp Region 7B transient definitions
Reg8.inp Region 8 transient definitions
Reg9A.inp Region 9A transient definitions
Reg9B.inp Region 9B transient definitions
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" Recire 15.

fre

IDEN JB=3 *Job number (1 to'9999)
~ CD=1 *1=ASME Class 1
GR=-Y *Direction of gravity .
VA=0 *0=Calculate 2=Verify
I10=1 *Input units 1=UsA
oU=1 *Output units 1=USA -
CH=$  *Delimiter character '
AB=T *FREE errors = dbort
PL=$Vermont Yankee$ .
EN=$RVPS _
*Modeling option:

TITL BL=3

GL=1 *Report forces/moment " 0=Global
SU=1 *Support summary O0=No
Cv=15 *Code version - See Manual

HS=1 *Highest 20 stress.ratiocs for each case
MD=1 *Hot modulus '

Je=1 *File generated by program

*

*
*

3 =

uniform mass for static analysis
lumped mass for dynamic analysis
rotational inertia ignored .

TI=$Vermont Yankee Recirculation $
. $Fatique Analysis$
FREQ RF=1 RP=8 FR=36 MP=20 RC=0 MX=70 TI=$SEISMICS$

*

ok hkkkkhhkdhkhkhkhkhkhkhkddhkhdhhhhdhdohdhhkkkhkhkkkkhk

** %% THERMAL CYCLE LOAD CASES****

dkkhkhkhhkhkhkhkhdhkdhrhhhkhhkhhkhhkhhkkkdkkk k& kokk

LCAS RF=0 CA=1 TY=0 TI=$LC-1$ *TC-1
LCAS RF=0 CA=2 TY=0 TI=$LC-2$ *TC-2
LCAS RF=0 CA=3 TY=0 TI=$LC-3$ *TC-3
LCAS RF=0 CA=4 TY=0 TI=$LC-4$ *TC-4
LCAS RF=0 CA=5 TY=0 TI=SLC-5$% *TC-5
LCAS RF=0 CA=6 TY=0 TI=$LC-6$ *TC-6
LCAS RF=0 CA=7 TY=0 TI=$LC-7$ *TC~7
LCAS. RF=0. CA=8 TY=0 TI=$LC-8$% *TC-8
LCAS RF=0 CA=9 TY=0 TI=$LC-9$ - *TC-9
" LCAS ‘RF=0 CA=10 TY=0 TI=$LC-10$ *TC-10
'LCAS RF=0 CA=11 TY=0 TI=$LC-11$ *TC~11
LCAS RF=0 CA=12 TY=0 TI=$LC-12$ *TC~12
LCAS RF=0 CA=13 TY=0 TI=$LC-13$ *TC-13
LCAS RF=0 CA=14 TY=0 TI=$LC-14$  *TC-14
LCAS RF=0 CA=15 TY=0 TI=$LC-15$ *TC~-15
LCAS RF=0 CA=16 TY=0 TI=$LC-16$ *TC-16
LCAS RF=0 CA=17 TY=0 TI=$LC-17$ *TC-17
LCAS RF=0 CA=18 TY=0 TI=$LC-18$  *TC-18
LCAS RF=0 CA=19 TY=0 TI=$LC-19% *TC~-19
LCAS RF=0 -CA=20 TY=0 TI=SLC-20S *TC-20
LCAS RF=0 CA=21 TY=0 TI=$LC-21% *TC-21
LCAS RF=0 CA=22 TY=0 TI=$LC-225% *TC-22
LCAS RF=Q CA=23 TY=0 TI=$LC-23% *TC-23
LCAS RF=0 CA=24 TY=0 TI=$LC-245% *TC-24 .
LCAS RF=0 CA=25 TY=0 TI=SLC-25$% *TC-25

*

R R R R EE R R RS E SRS S SRR T

*x%x 4k WEIGHT CASES****

*hkkkrhkhkhdhkhkkhdkkhkk

LCAS CA=101

* .

RF=1- TY=3
LCAS CA=102 RF=2 TY=4

TI=$SOPERATING WEIGHTS
TI=$HYDROTEST WEIGHTS$

1=Local
l=Yes

2=G et L
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TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS
TCAS

TCAS
TCAS
TCAS
' TCAS
TCAS
TCAS
TCAS
TCAS
TCAS

*

TCAS

CA=201
CA=202
ChA=203

CA=204"

CA=205
CA=206
CA=207
CA=208
CA=209
CA=210
CA=211
CA=212
CA=213
CA=214
CA=215
CA=216

CA=217,

CA=218
CA=219

Ca=220.

CA=221
CA=222
CA=223
CA=224
CA=225

Fhdkkkhkhkkhhdkhhhhhdkhhkhhkdkkhkkhhkh

*%%% THERMAL TRANSIENT CASES****

*****.***************************
TI=$Design Hydrotest (+)
TI=$Design Hydrotest (-)

TI=$Startup
TI=$TRoll & Inc.
TI=$TRoll & Inc.
TI=$LOFWH+TT PWR1
TI=SLOFWH+TT PWR2
TI=$LOFWH+PFWHTR Bypl
TI=$LOFWH+PFWHTR Byp2
TI=$LOFWE, ISO Cl1 DN 1
TI=$LOFWP, ISO Cl1 Up 1
TI=$LOFWP, ISO Cl DN 2
TI=SLOFWP, ISO Cl‘UP 2
TI=$Reduction to 0% PWR
TI=$Shutdownl
TI=$Shutdown2
TI=$Shutdown3
TI=$Shutdown4

TI=$Code Hydrotest
TI=$RHR Initiation UP
TI=$RHR Initiation DN
TI=$Inadvert. Inj.. DOWN
TI=$Inadvert. Inj. UP
TI=$Single Relief BD DN
TI=$Single Relief BD UP

PWR1
PWR2

EEE R R A RS S SRR SR RS S S

** k% SEISMIC CASES****

khkkhkdkkkhkhkhkkkhkhkdkkhkkk

RCAS CA=103 EQ=3 EV=1 TY=1 SU=1 LO=1 FX=1 FY=1 FZ=1 TI=$OBE INERTIA$

* . . .

* * **************»************

*%%+ LOAD COMBINATION CASES *

kk dkkkkkhhhhk ok hkkdkokk ok ok d ok kK ok kk

CCAS RF=1 CA=104 ME=1 FL=1 C(C1=103 CY=10 TI=SOBES$

CCAS RF=1 CA=401 SS=1 ME=1 EQ=3 (C1=101 C2=103 TI=SEQUATION .9 LEVEL BS$
- CCAS RF=1 CA=402 SS=1 ME=3 Fl=1 _Cl1=103 C2=1 TI=$NORMAL+OBES

CCAS RF=1 CA=403 SS=1 ME=3 Fl=-1 C1=103 C2=1 TI=$NORMAL-OBES

* -

Kk ok ok h ok k ok kb ok ko r R

**%x%x LOAD SETS****

A***************_***

* . .

LSET RF=1 FC=0 RP=1 CY=60 PR=1 MO=1 TR=201 TI=$Design Hydrotest (+)LS-1$
LSET RF=2 FC=0 RP=1 CY=60 PR=2 MO=2 TR=-202 TI=S$Design Hydrotest (-)LS-2$
LSET RF=3 FC=0 RP=1 CY=150 PR=3 MO=3 TR=203 TI=$Startup - LS-3%
LSET RF=3 FC=0 RP=1 CY=290 PR=4 MO=4 TR=-204 TI=$TRoll & -Inc. PWRI1 LS-4$
LSET RF=4 FC=0 RP=1 CY=2%0 PR=5 MO=5 TR=-205 TI=$TRoll & Inc. PWR2  LS-5%
LSET RF=4 FC=0 RP=1 CY=10 PR=6 MO=6 TR=206 TI=$LOFWH+TT PWR1 LS-6$
LSET RF=4 FC=0 RP=1 CY=10 PR=7 MO=7 TR=-207 TI=SLOFWH+TT PWR2 LS-7$
LSET RF=5 FC=0 RP=1 CY=35 PR=8 MO=8 TR=-208 TI=$LOFWH+PFWHTR Bypl Ls-8$%
LSET RF=5 FC=0 RP=1 CY=35 PR=9 MO=9 TR=209 TI=SLOFWH+PFWHTR Byp2 LS-9$
LSET RF=5 FC=0 RP=1 CY=5 ' PR=10 MO=10 TR=-210 TI=$LOFWP, ISO Cl DN 1 LS-10$
LSET RF=11 FC=0 RP=1 CY=10 PR=11 MO=11 TR=211 = TI=$LOFWP, ISO Cl UP 1 LS-11$%
LSET RF=11 FC=0 RP=1 CY=10 PR=12 MO=12 TR=-212 TI=$LOFWP, ISO CI DN 2 LS-12%
LSET RF=3 FC=0 RP=1 CY=5 PR=13 MO=13 TR=213 TI=$LOFWP, ISO Cl UP 2. LS-13$
LSET RF=3 FC=0 RP=1 CY=150 PR=14 MO=14 TR=214 . TI=$Reduction to 0% PWR LS-14$ _
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LSET RF=5 FC=0 RP=1 CY=150 PR=15 MO=15 TR=-215 TI=$Shutdownl o LS-15%
LSET RF=15 FC=0 RP=1 CY=150 PR=16 MO=16 TR=-216 TI=5Shutdown? LS-16%
LSET RF=16 FC=0 RP=1 CY=150. PR=17 MO=17 TR=-217 TI=5$Shutdown3 . LS-17%
. LSET RF=20 FC=0' RP=1 CY=150 PR=18 MO=18' TR=-218 TI=S$Shutdownd LS-185%

LSET RF=19 FC=0 RP=1 Cy=1 PR=19 MO=19 TR=219 TI=$Code Hydrotest LS-19%
LSET RF=20 FC=0 RP=1 CY=150 PR=20 MO=20 TR=220 TI=$RHR Initiation UP.  LS-20$
LSET RF=20 FC=0 RP=1 CY=150 PR=21 MO=21 TR=-221 TI=$RHR Initiation DN - LS-218

LSET RF=5 FC=0 RP=1 CY=0' PR=22 MO=22 TR=-222 TI=$Inadvert. Inj. DOWN LS-22$%
LSET RF=5 FC=0 RP=1 CY=0 PR=23 MO=23 TR=223 TI=$Inadvert. Inj. UP LS-23$
LSET RF=23 FC=0 RP=1 CY=0 PR=24 MO=24 TR=-224 TI=$Single Relief BD DN LS-245
LSET RF=24 FC=0 RP=1 CY=0 PR=25 MO=25 TR=225 TI=$Single Relief BD UP LS-25$

D%
'LSET RF=2 FC=0 CY=5 FL=1. PR=2 MO=402 TI=$NORMAL+OBE LS-26$
LSET RF=2 FC=0 CY=5 FL=1 PR=2 MO=403 TI=$NORMAL-OBE LS-27%
* ok ok ok ok ok ) ! .
*FATG AT=500 AF=502
*FATG AT=600 AF=602
ok
********.*******i{********** I
¥*%% RESPONSE SPECTRA****
»*************************
SPEC F$=OBE EV=1 ME=3 FP=0 TI=$RESPONSES ‘ _ I
‘ Lv=1 DX=1 DY=1 Dz=1 : ‘ A
DI=X : o - _ S _
0.30/0.100 0.40/0.100 0.90/0.200 1.25/0.400 2.25/0.450 2.30/0.700- : '
3.30/0.700 4.40/0.750 4.41/0.900 4.75/1.100 5.20/1.100 5.80/1.600 ‘ I
8.70/1.600 12.00/0.650 17.00/0.400 20.00/0.350 30.00/0.350 36.00/0.350 = .
DI=Y . ) o ‘ . . " ] o
0.30/0.030 0.40/0.030 0.50/0.050 0.60/0.075 1.00/0.075 1.20/0.100
$2.00/0.220 2.40/0.350 3.50/0.350 3.60/0.300 5.30/0.300 5.75/0.330 I
8.25/0.330 8.75/0.250 17.50/0.250 25.00/0.120 30.00/0.120 36.00/0.120
DI=Z : '
0.30/0.100 0.40/0.100 0.50/0.130 0.90/0.150 1.00/0.250 1.60/0.250
'1.90/0.600 3.50/0.600 3.75/0.700  4.4C/0.700 4.50/0.800 6.25/1.500 I
8.50/1.500°12.50/0.500 20.00/0.350 30.00/0.350 36.00/0.350
.
**************************f—**
xx*% MATERTAL PROPERTIES *%*** I
ok kkhhkkkkkkk ok ok dkkk ok ko k ok k k& &
* ASTM A-106 Grade B, PIPE *
MATH CD=106 EX=0 TY=1 *C-5i l

MATD TE=70 EH=29.5 EX=0.0 SM=20.0 SY=35
MATD TE=100 . EH=29.3 EX=0.20 SM=20.0 'SY=35
MATD TE=200 ' EH=28.8 EX=1.00 SM=20.0  SY=32.1

- MATD TE=300 ‘EH=28.3 EX=1.90 SM=20.0 SY=31
MATD TE=400 EH=27.7 EX=2.80  SM=20.0 SY=29.9
MATD TE=500 EH=27.3 EX=3.70 SM=18.9  SY=28.5
MATD TE=600 EH=26.7 "EX=4.70 SM=17.3 SY=26.8
* ASME SA-376 Grade TP316, PIPE *
MATH CD=376.316 EX=0 TY=4 *16Cr-12Ni-2Mo
MATD TE=70 EH=28.3 EX=0.0  SM=20.0 SY=30.0
MATD TE=100 EH=28.1 EX=0.30 SM=20.0 SY=30.0
MATD TE=200 EH=27.6 EX=1.40 SM=20.0 5Y=25.9
MATD TE=300 EH=27.0 EX=2.50 SM=20.0 SY=23.4
MATD TE=400 EH=26.5 EX=3.70 SM=19.3 SY=21.4
MATD TE=500 EH=25.8 EX=5.00 SM=18.0 SY=20.0
MATD TE=600 EH=25.3 EX=6.30 SM=17.0 SY=18.9
* ASME SA-403 Grade WP316, ELBOWS *
MATH CD=403.316 EX=0 TY=4 *16Cr-12Ni-2Mo

. MATD TE=70 EH=28.3 EX=0.0 SM=20.0 SY=30.0

File No.: VY-16Q-307 : Page A4 of AS1
Revision: 0 :

F0306-01R0



Structural Inle@rityASsociates, Inc.

TE=100

MATD EH=28.1 EX=0
'MATD TE=200 - EH=27.6 -  EX=1
. MATD TE=300 EH=27:0 EX=2
_ MATD TE=400 EH=26.5 EX=3
MATD. TE=500 EH=25.8 EX=5
MATD TE=600 EH=25.3 EX=6.
*** Cross Sectional Properties
CROS CD=1 O©OD=50.0 WT=8.87
- S0=1 ST=1.0 "
CROS CD=2 OD=37.85 WT=6.1
- SO=1 ST=1.0
CROS CD=3 O0OD=28.875 WT=1.56
o S50=1 ST=1.0
CROS CD=4 OD=28.638 WT=1.45
» 7 so=1 ST=1.0
CROS CD=5 O0D=28.169 WT=1.244
' SO=1 ST=1.0
CROS CD=7 O0OD=28.166 WT=2.125
SO=1 ST=1.0
CROS CD=8 OD=42.507 WT=2.486
S0=.001 ST=.001
CROS CD=11 OD=6.625 WT=0.432
‘ SO0=0.001 S$T=0.001
CROS CD=13 0D=28.339 WT=1.339
_ 50=1 ST=1
CROS CD=14 OD=28.339 WT=2.67
' SO=1 ST=1.0 -
CROS CD=15 OD=12:748 WT=0.685
, S0=1 - ST=1.0
CROS CD=16 OD=14.17 WT=1.395
S0=1 ST=1.0
CROS CD=17 OD=15.5.  WT=2
: So=1 ST=1.0
CROS CD=18 OD=21.88 WT=4.06
S0=1 ST=1.0
CROS CD=19 OD=28.25 WT=7.25
" 80=1 . ST=1.0
CROS CD=20 OD=21.878 WT=1.043
- 80=1 "S$T=1.0
CROS CD=25 0D=20 WT=1.031
S0=1 ST=1
CROS CD=26 0OD=20 Wr=1.875
SO=1 ST=1
CROS CD=27 OD=4.5 WT=0.3385
S0=1 . ST=1 :
CROS CD=28 0OD=4.5 WT=0.67
' - 50=1 ST=1
CROS CD=29 OD=24 WT=1.217
SO=1 ST=1
CROS CD=30 OD=24" WT=2.43
- 50=1 ST=1
CROS CD=40 OD=4.5" WT=0.3385
: S0=0.001 ST=0.001
CROS CD=41 OD=2.875 WT=0.276
' S0=0.001 ST=0.001
CROS CD=42 0OD=28.339 WT=1.339
: SO=0.001  ST=0.001

*okok ko ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok ok ok

* STRUCTURE AND LOADS

EE R E R SEREERE R ESESE RS E S S

.30
.40
.50
.70
.00
30

SM=20.
SM=20.
SM=20.
SM=18.
SM=17.
SM=16.

MA=3977.2

MA=2122.2

MA=484.9

MA=450.4

MA=0.

KL=1

" MA=0.

KL=1

MA=0.

KL=1

‘MA=386.1

001
001

001

MA=415.1

MA=0.

KL=1

001

MA=103.4

MA=207.5

MA=307.7

MA=803.2

MA=257.2

 MA=1673.1

MA=221.9

MA=0.

KL=1

001

MA=23.2

KL=1

MA=0.

KL=1

001

MA=316.5

MA=0.

KL=1

MA=0.

KL=1

MA=0.

KL=1

MA=0.

KL=1

001
001
001

001

*CALC.

Lo SRR i e e I )

*CALC.

SY=30.
SY=25.
SY=23.
sY=21.
SY=20.
SY=18.

PER

WO RS OO0

GE SPEC. NO. 23AS5569

*RECIRCULATION OUTLET NOZZLE

*CALC.
*CALC.
*CALC.
*CALC.
*VALVE

*PUMP

PER GE SPEC. NO.

23A5569

PER GE SPEC. NO. 23A5569

PER GE SPEC.

PER GE SPEC.

*PUMP RIGID STRUTS

*CALC. PER GE SPEC.

*VALVE
*GALC.

*CALC.

*CALC.

*CALC.

" *CALC.

*CALC.
“VALVE

*CALC.

*CALC.

*VALVE

PER

PER

. PER

PER
PER
PER

PER

PER GE SPEC.
*4 inch bypass line
*VALVE V2-54A

PER GE SPEC.

GE
GE
GE
GE
GE
GE

GE

SPEC.
SPEC.
SPEC.
SPEC.
SPEC.
SPEC.

SPEC.

*4 inch bypass STRUTS

*STRUT RDA1,

*RIGID FROM RECIRC ELBOW TO RDAl STRUT

RDAS,

NO. 23A5569
NO. 2325569
NO. 23A5569
NO. 23B5569
NO. 23A5569
NO. 23A5569
NO. 23A5569°
NO. 235569
NO. 23A5569
NO. 23A5569
NO. 23A5569
NO. 23A5569
& VBAl

(3]

(3]

13]

(31

[3]

£31

{31

(3]

(3]

[3]

[3]

131

{31

[3]
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INCL FN=2:\SISJ-PROJECTS\VY-16Q\RevO\REG1.INP

* ) . -

* RUN 1 FROM ANCHOR TO REACTOR VESSEL N3B,

*GROUP 1 FROM ANCHOR TO REACTOR VESSEL N3B

*NOTE

*NOTE NODE 003 - RECIRC SUCTION NOZZLE N1A (EL. 279'S INCH)
*NOTE NODE 003 IS AT THE SAFE END TO VESSEL NOZZLE CONNECTION
*NOTE . . .
*NOTE SAFE END FROM NODES 003 TO 808

"*NOTE CONNECTION TO VESSEL AT NODE 003 )

*NOTE OD AND WALL THICKNESS FOR SAFE END TAKEN FROM GE CALC

. *NOTE WEIGHT FOR SAFE EN? BASED ON THICKNESS

*NOTE :
MATL CD=376.316
CROS CD=1 ‘
COOR PT=3 AX=0 AY=0 AZ=0
ANCH PT=3 :
- AMVT CA=1 PT=3 DX=0.0000 DY=0.0176 Dz=-0.0201
AMVT CA=2 PT=3 DX=0.0000 DY=0.3141 DZ=-0.3602
AMVT CA=3 PT=3 DX=0.0000 DY=0.3112 DZ——O.3568
CAMVT . CA=4 PT=3 DX=0.0000 DY=0.2995 Z=-0.3434
~ BMVT ca=6 _PT=3 DX=0.0000 DY=0.2995 Dz=-0.3434
- AMVT ca=7 PT=3 DX=0.0000 DY=0.2922 . DZ=-0.3350
AMVT CA=8 PT=3 DX=0.0000 DY=0.2995 DZ——O.3434
AMVT CA=9 PT=3 DX=0.0000 DY=0.1422. DZ=-0.1630
© AMVT Cca=10 PT=3 DX=0.0000 -DY=0.2807 Z=—O;3218
" AMVT CA=11 PT=3 DX=0.0000 DY=0.1422 Dz=-0.1630
AMVT cA=12 PT=3 DX=0.0000 DY=0.3141 DZ=-0.3602
AMVT . CA=13 PT=3 DX=0.0000 DY=0.3i41 D2z=-0.3602
AMVT ca=14 PT=3 DX=0.0000 DY=0.1928 Dz=-0.2521
AMVT CA=15 PT=3 DX=0.0000 DY=0.1624 DZ=-0.1986
*AMVT CA=16 PT=3 DX=0.0000 DY=0.0946 DZ=-0.1084
- AMVT CA=17 PT=3 DX=0.0000 DY=0.0176 D2Z=-0.0201
AMVT CA=18 PT=3 DX=0.0000 DY=0.0176 DZ=-0.0201
AMVT CA=19 PT=3 DX=0.0000 DY=0.0946 Dz=-0.1084
AMVT CA=20 PT=3 DX=0.0000 DY=0.0946 DZ=-0.1084
AMVT CA=21 PT=3 DX=0.0000 DY=0.0361 DZ=-0.0413
AMVT ° CA=22 PT=3 DX=0.0000 DY=0.2995 DZ=-0.3434
AMVT CA=23 PT=3 DX=0.0000 DY=0.1928 DzZ=-0.2521

AMVT ChA=24 PT=3 ' DX=0.0000 DY=0.0176 Dz=-0.0201

*

TANG PT=805 Dz=-1.017 EW=1
CROS CD=2

TANG PT=806 Dz=-0.823 EW=1
CROS CD=3

TANG PT=807 Dz=-0.58 EW=1
CROS CD=4 ‘ :
TANG PT=808 ' DZ=-0.47

CROS CD=5

TANG PT=5 DZ=-5.59 EW=1
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'‘MATL CD=403.316

BRAD PT=7  RA=3.5 EW=1
MATL CD=376.316
TANG PT=9 . DY=-6.69 EW=1

TANG PT=500 DY=-2.31

*GROUP 2 RHR SUPPLY TEE TO PUMP
INCL FN=Z:\SISJ-PROJECTS\VY-160\RevO\REG2.INP
. .

TANG PT=11 DY=-2.22 EwW=1

CROS (D=5

TANG PT=12  DY=-1.78

TANG PT=20 . DY=-6.77

TANG PT=22 . DY=-3.25

TANG PT=25 DY=-15.49 EW=1

MATL CD=403.316

BRAD PT=26 RA=3.5- EwW=1

MATL CD=376.316

TANG PT=27  DX=-3.3 D2Z=1.27 EW=1

CROS CD=7 , :
VALV PT=30 DX=-2.28 DZ=0.89 MA=10.368 PL=1
JUNC PT=30 : o :

~ VALV PT=40  DX=-2.31 Dz=0.9 PL=2 EW=1
JUNC PT=30

" RIGD PT=35  DY=7 _

LUMP PT=35 MA=1.132

JUNC PT=40 '

CROS CD=5

- TANG PT=42 DX=-1.18 Dz=0.46

TANG PT=43 DX=-0.55 D2=0.21

TANG PT=44 DX=-3.31 Dz=1.28 EwW=1

MATL CD=403.316

BRAD PT=46 RA=2.33 EW=1

MATL CD=376.316

CROS CD=8

TANG. PT=50 DY=4.33 "EW=0 : :
LUMP PT=50 MA=28 *NOTE WEIGHT OF PUMP FLOODED 28K (EXCLUDING MOTOR)
"TANG PT=75 DY=0.5 A '

TANG. PT=83 DY=2.13 C :
TANG PT=86. DY=3.38 ' '
LUMP PT=86 MA=32 *NOTE TOTAL WEIGHT OF PUMP MOTOR 32000 LBS

- TANG PT=90 DY=4.08 *TOP OF PUMP :

*NOTE SNUBBERS ON TOP OF PUMPS WERE DELETED DURING

*NOTE THE RECIRC PIPE REPLACEMENT PROJECT

*NOTE -~ RIGID LINKS FOR CONSTANT SUPPORTS AT PUMP FOLLOW

*GROUP 3 FROM PUMP DISCHARGE TO HEADER
INCL FN=2Z:\SISJ-PROJECTS\VY-160Q0\RevO\REG3.INP
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R

JUNC PT=50

CROS CD=8

'RIGD PT=54 DX=1.06 DZ=1.06 : -

RIGD PT=56 DX=1.06 DY=0.75 DZ=1.06 *NOTE CONSTANT SUPPORT HA3 AT NODE 56
JUNC PT=50 : : . '

RIGD PT=66 Dz=-3.83 . :

RIGD PT=69 DY=1 " *NOTE CONSTANT SUPPORT HA4 AT NODE 69
JUNC PT=50 ‘
CROS CD=8

RIGD PT=60.DX=-3.83. _ :
RIGD PT=63 DY=1 : *CONSTANT SUPPORT HAS AT NODE 63

*

. % *%% CODING.FOR PUMP RIGID STRUTS FOLLOW **x*

Tk

* CODED FROM PUMP CENTERLINE
CROS CD=11

JUNC' PT=66 ,

RIGD PT=15 DY=0.7071 Dz=-0.7071
JUNC PT=60

RIGD PT=16 DX=-0.7071 DY=0.7071

* *** END OF CODING FOR PUMP SUPPORTS ***
*PUMP INLET

CROS CD=8

JUNC PT=50

TANG PT=150 DX=-2.17

BRAN PT=151 DZ=2.333 TE=1.

*NOTE PUMP DISCHARGE CONNECTION TO PIPE AT NODE 151
CROS CD=13 C

TANG PT=152 DZ=1.25

TANG PT=155 DZ=1 EW=1

CROS CD=14 :

" VALV PT=160 PL=1 DX=0:0 DY=0.0 D2=2.52 MA=6.8285
JUNC PT=160

RIGD PT=163 DX=0.0 DY=7.12 D%=0.0-

LUMP PT=163 MA=0.9715

JUNC PT=160 -

VALV PT=170 PL=2 DX=0.0 DY=0.0 DZ=6.18 EW=1
CROS CD=13 ‘

MATL CD=403.316

BRAD PT=175 RA=3.5 EW=1

MATL CD=376.316

TANG PT=176 DY=5.95

TANG PT=177 DY=4.42 :

*NOTE ***WEIGHT OF . FLOW ELEMENT NOT INCLUDED***
*NOTE ***REF. DWG. 5920-6800 FOR DIMENSIONGS***
TANG PT=184 DY=4.42

TANG PT=186 DY=3.02

TANG PT=188 DY=1.51

TANG PT=189% DY=0.74

TANG PT=190 DY=1.15 EW=1

TANG PT=600 DY=1.06

**+INPUT FILE TO INCLUDE EFFECTS OF RHR INITIATION ON LINE NEAR RHR RETURN TO HEADER
INCL FN=2:\SISJ-PROJECTS\VY-16Q\RevO\REG3B.INP

JUNC PT=600
TANG PT=195 DY=2.08 EW=1
TANG PT=210 DX=0.0 DY=1.83 Dz=0.0 KL=1 *CENTER OF CROSS, RECIRC HEADER

*MUST HAVE INDI CARD FOR EACH MEMBER CONNECTED TO CROSS CENTER
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- *GROUP 5 RISER TO NOZZLE NODE 336
INCL FN=2:\SISJ-PROJECTS\VY- 16Q\Rev0\REGS INP
* N
*NOTE CROSS AND REDUCER DIMENSIONS TAKEN FROM 5920-6632 SHT.3
CROS CD=13 '
MATL CD=376.316 :
TANG PT=215 DX=0.0 DY=2.59 DZz=0.0 ' EW=0
"CRED PT=220 DY=1.29 AN=30 EW=1 *AL=SCONC. REDUCERS
CROS CD=15 _ ' : ,
. TANG PT=330 DY=4.58
“TANG PT=335 DY=3.29 EW=1
MATL CD=403.316 .
BRAD PT=334 RA=1.5 EW=1

*GROUP 6 TO NOZZLE NODE 336 ) ’
"INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG6.INP
*
MATL CD=376.316
~ TANG PT=838 DX=3.875
‘CROS CD=16 :
TANG PT=837 DX=0.875 EW=1
CROS CD=17 : :
TANG PT=836 DX=0.37 EW=1
_CROS CD=18 o
TANG PT=835 DX=0.53 EW=1
CROS CD=19
TANG PT=336 DX=0.704 EW=1
NOZZ PT=336

AMVT CA=1 = PT=336 DX=-0.0201 DY=0.0246 Dz=0.0000
AMVT CA=2 PT=336 DX=-0.3602 DY=0.4398 DZ=0.0000
AMVT CA=3 PT=336 ' DX=-0.3568 DY=0.4316 DZ=0.0000
AMVT CA=4 PT=336 DX=-0.3434 DY=0.4152 DZ=0.0000

AMVT CA=5 PT=336 DX=-0.3568 DY=0.4050 DZ=0.0000
BMVT CA=6" PT=336 DX=-0.3434 DY=0.2940 DZ=0.0000
AMVT CA=7 PT=336 DX=-0.3350 DY=0.3229 Dz=0.0000
AMVT CA=8 PT=336 DX=-0.3434 DY=0.2700 Dz=0.0000
‘AMVT CA=9 PT=336 DX=-0.1630 DY=0.1991 Dz=0.0000
AMVT CA=10 PT=336 DX=-0.3218 DY=0.1626 Dz=0.0000

AMVT CA=11  PT=336 DX=-0.1630 DY=0.0246 Dz=0.0000

AMVT CA=12  PT=336 DX=-0.3602 DY=0.4398 D2=0.0000

AMVT CA=13  PT=336 DX=-0.3602. DY=0.4316 DZ=0.0000

AMVT CA=14  PT=336 DX——O.2193 DY=0.4152 DZ=0.0000

AMVT . CA=15 ' PT=336 DX=-0.1862 DY=0.4050 Dz=0.0000

AMVT  CA=16 PT=336 DX=-0.1084 DY=0.2940 DZ=0.0000

AMVT CA=17 .PT=336 DX=-0.0201 DY=0.3229 Dz=0.0000

AMVT -+ CA=18  PT=336 DX=-0.0201 DY=0.2700 DZ=0.0000

AMVT CA=19 PT=336 DX=-0.1084 DY=0.1991 Dz=0.0000
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AMVT CA=20  PT=336 DX=-0.0201 DY=0.1626 DZ=0.0000
AMVT  CA=21 PT=336 DX=-0.0413 DY=0.3229 Dz=0.0000
. AMVT CA=22  PT=336 DX=-0.3434 DY=0.2700 D2z=0.0000
AMVT - CA=23  PT=336 DX=-0.2211 DY=0.1991 -DZ=0.0000
BMVT - CA=24 PT=336 DX=-0.0201 DY=0.1626 DZ=0.0000

*NOTE SAFE END FROM NODES 838 TO 336

*NOTE CONNECTION TO VESSEL AT NODE 336

*NOTE OD AND WALL THICKNESS FOR SAFE END TAKEN FROM GE CALC
*NOTE WEIGHT BASED ON. THICKNESS

*GROUP 4 HEADER TO NOZZLE NODE 366 I
INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG4 . INP

*

JUNC PT=210 . . l
CROS" CD=20 ' L : -

BRAN PT=240 DX=0.1786 DY=0.0 Dz=1.7 : : : : ‘

TANG PT=250 DX=0.3 Dz=2.853 EW=0 _ ' o

BRAD PT=255 RA=4.578 EW=0 *NOTE BEND RADIUS IS 4.578 FEET ) ' l
 TANG PT=340 DX=1.799 DZ=3.108 ' ’ :

*BEGIN REGION 5 TRANSIENT CARDS & GEOMETRY RISER TO NOZZLE NODE: 366
K e e et e e et = = an e t— —— . on ——— = ——— — .
*GROUP 5 RISER TO NOZZLE NODE 366

INCL FN=Z:\SISJ- PROJECTS\VY l6Q\RevO\REG5 INP

*

TANG PT=349 DX=0.71 DZ=1.23 EW=0

CRED PT=347 DX=0.75 DZ=1.3 AN=30 '

CROS CD=15 :
- TANG PT=343 DX=0.5525 D%=0.957 EW=1"

BRAD PT=410 RA=1.5 EW=1 '

TANG PT=360 DX=3.483 Dz=2.011 EW=1

MATL CD=403.316 ‘

BRAD PT=361 RA=1.5 - EW=1

MATL- CD=376.316 '

CROS CD=15

"TANG PT=362 DY=3.18

TANG PT=364 DY=8.56 EW=1

MATL CD=403.316

BRAD PT=365 RA=1.5 EW=1

' “GROUP 6 TO NOZZLE NODE 366
INCL FN=%:\SISJ-PROJECTS\VY-160\RevO\REG6H. INP
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‘MATL CD=376.316
TANG PT=868 DX=1.8 D2=-3.1

CROS CD=16

TANG PT=867 DX=0.4375 DZ=-0.76 EW=1
CROS CD=17 : o

" TANG PT=866 DX=0.185 DZ=-0.32. EW=1
CROS CD=18 :
TANG PT=865 DX=0.265 DZ=-0.46 EW=1

* CROS CD=19

'TANG PT=366 DX=0.352 D2=-0.61 EW=1
NOZZ PT=366 '

AMVT = CA=1 PT=366 DX=-0.0101 DY=0.0246 Dz=0.0174
AMVT CA=2 PT=366 DX=-0.1800 DY=0.4398 Dz=0.3120
AMVT  CA=3 PT=366 DX=-0.1783 DY=0.4357 Dz=0.3091
AMVT CA=4 PT=366 DX=-0.1716 DY=0.4193 DZ=0.2974
© AMVT CA=5 PT=366 DX=-0.1783 DY=0.4357 Dz=0.3091
AMVT ©  CA=6 PT=366 DX=-0.1716 DY=0.4193 D2z=0.2974
AMVT ca=7 PT=366 DX=-0.1674 DY=0.4091 DZz=0.2902
AMVT cA=8 PT=366 DX=-0.1716 DY=0.4193 Dz=0.2974
AMVT CA=9 PT=366 DX=-0.0815 DY=0.1991 D2=0.1412

AMVT = . CA=10  PT=366 DX=-0.1609 DY=0.3930 DZ=0.2788
_AMVT  CA=11  PT=366 DX=-0.0815 DY=0.1991 Dz=0.1412
AMVT CA=12 . PT=366 DX=-0.1800 DY=0.4398 D2z=0.3120
AMYT CA=13  PT=366 DX=-0.1800 DY=0.4398 Dz=0.3120 -
AMVT CA=14  PT=366 DX=-0.1097 DY=0.2678 D2z=0.1899
AMVT CA=15 PT=366 DX=-0.0931 DY=0.2275 D%=0.1613

-BMVT CA=16  PT=366 DX=-0.0542 DY=0.1324 Dz=0.0939
AMVT CA=17  PT=366 DX=-0.0101 DY=0.0246 Dz=0.0174
AMVT ChR=18  PT=366 DX=-0.0101 DY=0.0246 D2Z=0.0174
AMVT CA=19 - PT=366 DX=-0.0542 DY=0.1324 D2=0.0939
AMVT CA=20  PT=366 DX=-0.0101 DY=0.0246 DZ=0.0174
AMVT CA=21  PT=366 DX=-0.0207 DY=0.0505 DZ=0.0358
AMVT CA=22  PT=366 DX=-0.1716 DY=0.4193 Dz=0.2974
AMVT CA=23 PT=366 DX=-0.1105 DY=0.2700 Dz=0.1915

AMVT ChA=24 PT=366 DX=-0.0101 DY=0.0246 DZ=0.0174

*END REGION 6 GEOMETRY TO NOZZLE ,NODE 366

K e e ——

R e e e e e e e — . R
*BEGIN REGION 4 TRANSIENT CARDS & GEOMETRY HEADER TO NOZZLES NODE 326 & 316
K e e e e . . .
*GROUP 4 HEADER TO NOZZLES NODE 326 & 316

INCL FN=%Z:\SISJ-PROJECTS\VY-160Q0\RevO\REG4.INP

. . )

“ JUNC PT=210

CROS CD=20

BRAN PT=260 DX=0.1786 DY=0.0 DzZ=-1.7 TE=2

" TANG PT=270 DX=0.3 DZ=-2.853 EW=0

BRAD PT=275 RA=4.578 EW=0

TANG PT=320 DX=1.799 DZ=-3.108

K e e e )

*BEGIN REGION 5 TRANSIENT CARDS & GEOMETRY RISER TO NOZZLE NODE 316

K —— e — U Sy
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*GROUP 5 RISER TO NOZZLE NODE 316 v
INCL FN=2:\SISJ-PROJECTS\VY-16Q\RevO\REG5. INP

-k
TANG
CRED
CROS
TANG

PT=319 DX=0.71 DZ=-1.23
.75 DZ=-1.3 AN=30

PT=317 DX=
CD=15

PT=313 DX=
PT=400 RA=
PT=310 DX=

0

0
1.
3.483 DZ=-2.011

.5525 Dz
5  Ew=1

CD=403.316 .

PT=311 RA=
CD=376.316
Cb=15

pPT=312 DY=

1

4

.5 EW=1

.74

PT=314 DY=6.99 EW=

CD=403.316

REGION 5 GEOMETRY RISER TO NOZZLE NODE 316

EW=1

=-0.957 EW=

L

K S,

*BEGIN REGION 6 TRANSIENT CARDS & GEOMETRY TO NOZZLE NODE 316

EW=1

l .

K e e ———— _

*GROUP 6 TO NOZZLE NODE 316"

FN=2 :\SISJ-PROJECTS\VY-16Q0\RevO\REG6. INP

INCL
*
MATL CD=376.316
TANG PT=818 DX=1.84 Dz=3.19
CROS CD=16 _ _
TANG PT=817 DX=0.4375 Dz=0.76 EW=1
CROS CD=17 :

. TANG PT=816 DX=0.185 DZ=0.32 EW=1
CROS CD=18 _ o
TANG PT=815 DX=0.265 DZ=0.46 EW=1
CROS .CD=19 :
TANG PT=316 DX=0.352 DZ=0.61 EW=1
NOzz PT=316 o _ v .
AMVT cA=1 PT=316 DX=-0.0101" DY=0.0246 Dz=-0.0174
AMVT CA=2 PT=316 DX=-0.1800 D¥=0.4398 Dz=-0.3120
AMVT CA=3 PT=316 DX=-0.1783 DY=0.4357 DZ=-0.3091
AMVT - CA=4 PT=316 DX=-0.1716 DY=0.4193 DZ=-0.2974
AMVT CA=5 PT=316 DX=-0.1783 DY=0.4357 Dz=-0.3091
AMVT CA=6 PT=316 DX=-0.1716 DY=0.4193 ~Dz=-0.2974
AMVT . CA=7 PT=316 DX=-0.1674 DY=0.4091 Dz=-0.2902
AMVT . - CA=8 PT=316 DX=-0.1716 DY=0.4193 Dz=-0.2974
AMVT CA=9 PT=316 DX=-0.0815 DY=0.1991 DZ=-0.1412
AMVT CA=10 PT=316 DX=-0.1609 DY=0.3930 Dz=-0.2788

- AMVT CcA=11 PT=316 . DX=-0.0815 DY=0.1991 Dz=-0.1412
AMVT CA=12 PT=316 DX=-0.1800 DY=0.4398 Dz=-0.3120
BMVT CA=13  PT=316 DX=-0.1800 DY=0.4398 D2Z=-0.3120
AMVT CA=14 PT=316 DX=-0.1097 DY=0.2678 D2Z=-0.1899
AMVT CA=15 PT=316 DX=-0.0931 DY=0.2275 D2Z=-0.1613
AMVT CA=16 PT=316 DX=-0.0542 DY=0.1324 - D2Z=-0.0939
AMVT CA=17 PT=316 DX=-0.0101 DY=0.0246 DzZ=-0.0174
AMVT CA=18 PT=316 DX=-0.0101 DY=0.0246 DZ=-0.0174
AMVT CA=19- PT=316 DX=-0.0542 DY=0.1324 D2z=-0.0933
AMVT: CA=20 PT=316 DX=-0.0101 DY=0.0246 DZ=-0.0174
AMVT cA=21 PT=316 DX=-0.0207 DY=0.0505 D2Z=-0.0358
AMVT CA=22  PT=316 DX=-0.1716 DY=0.4193 Dz=-0.2974
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INCL
*
JUNC
" -CROS
- BRAN
TANG
MATL

CA=23
‘CA=24

*END REGION 6 GEOMETRY TO NOZZL

DY=0.0246

E NODE 316

‘PT=316 DX=-0.1105 DY=0.2700
PT=316 DX=-0.0101

FN=Z7:\SISJ-PROJECTS\VY~160Q\RevO\REG5. INP

PT=340
CD=15

PT=342 DY=1.36 TE=

PT=344 DY=10.39 - EW=0

CD=403.316
PT=345 RA=1

.5 EW

*GROUP 6 'TO NOZZLE NODE 346

- DZ=-0.1915
DZ=-0.0174

*BEGIN REGION 5 TRANSIENT CARDS & GEOMETRY RISER TO NOZZLE NODE 346

K e e ———— - ———— ————

" *GROUP 5 RISER TO NOZZLE NODE 346

INCL FN=Z:\SISJ-PROJECTS\VY-160Q\RevO\REG6.INP
* . : .

MATL CD=376.316 .

TANG PT=848 DX=3.17 DZ=-1.83

CROS CD=16 .

TANG PT=847 DX=0.758 DzZ=-0.4375 .EW=1

CROS CD=17 :

TANG PT=846 DX=0.32 DzZ=-0.185 EW=1

CROS CD=18

TANG PT=845 DX=0.46.DZ=-0.265 EW=1

CROS CD=19 .

TANG PT=346 DX=0.61 Dz=-0.352 EW=1

NOZZ PT=346 ' . . .

AMVT ca=1 PT=346 ~DX=-0.0174 DY=0.0246 Dz=0.0101
AMVT  CA=2 PT=346 DX=-0.3120 DY=0.4398 DZ=0.1800
" AMVT CA=3 PT=346 DX=-0.3091 DY=0.4357 Dz=0.1783
AMVT CA=4 " PT=346 DX=-0.2974 DY=0.4193 DzZ=0.1716
AMVT CA=5 PT=346 DX=-0.3091 DY=0.4357 Dz=0.1783
AMVT CA=6 PT=346 DX=-0.2974 DY=0.4193 Dz=0.1716 .
-~ AMVT CA=7 PT=346 DX=-0.2902 DY=0.4091 D2z=0.1674
AMVT CA=8 PT=346 DX=-0.2974 DY=0.4193 D2=0:1716
AMVT CA=9 = PT=346 DX=-0.1412 DyY=0.1991 Dz=0.0815
AMVT ca=10 PT=346 DX=-0.2788 DY=0.3930 Dz=0.1609
BMVT CA=11 PT=346 DX=-0.1412 DY=0.1991 'DZ=0.0815
| BMVT CA=12 PT=346 DX=-0.3120 DY=0.4398 DZ=0.1800
AMVT CA=13  PT=346 DX=-0.3120 DY=0.4398 Dz=0.1800
AMVT CA=14 PT=346 DX=-0.1899 DY=0.2678 D2z=0.1097
AMVT ca=15 PT=346 DX=-0.1613 DY=0.2275 DZ=0.0931
BMVT CA=16 PT=346 DX=-0.0939 DY=0.1324 DZ=0.0542
‘AMVT ca=17 PT=346 DX=-0.0174 DY=0.0246 Dz=0.0101
AMVT CA=18 PT=346 DX=-0.0174 DY=0.0246 DZ=0.0101
AMYVT CcA=19 PT=346 DX=-0.0939 - DY=0.1324 DZ=0.0542
AMVT CA=20 PT=346 DX=-0.0174 DY=0.0246 ©D2=0.0101
AMVT CA=21 PT=346 DX=-0.0358 DY=0.0505 Dz=0.0207
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AMVT  CA=22 PT=346 DX=-0.2974 DY=0.4193 Dz=0.1716
AMVT - CA=23  PT=346 DX=-0.1915 DY=0.2700 -DZ=0.1105
AMVT  CA=24  PT=346 DX=-0.0174 DY=0.0246 Dz=0.0101

*GROUP 5 RISER TO NOZZLE NODE. 326

INCL FN=Z:\SISJ-PROJECTS\VY-160Q\RevO\REGS.INP
* B

JUNC PT=320

. CROS CD=15

‘BRAN PT=322 DY=1.42 TE=2

TANG PT=324 DY=10.33 EWw=1

MATL CD=403.316

BRAD PT=325 RA=1.5 EW=1

*GROUP 6 TO NOZZLE NODE 326 _
INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG6.INP

TANG PT=828 DX=3.18 DzZ=1.84

CROS CD=16 ’
TANG PT=827 DX=0.758 DZ=0.4375 EW=1
CROS CD=17
TANG PT=826 DX=0.32 DZ=0.185 EW=1
CROS CD=18.
TANG PT=825 DX=0.46 D2Z=0.265 EW=1
CROS CD=19
TANG PT=326 DX=0.61 DZ=0.352 EW=1
. NOZZ PT=326
© AMVT ca=1 PT=326 DX=-0.0174 DY=0.0246 Dz=-0.0101
AMVT ca=2 PT=326 DX=-0.3120 DY=0.4398 DZ=-0.1800
AMVT ~ CA=3 PT=326 DX=-0.3091 DY=0.4357 DZ=-0.1783
| BMVT Ch=4 PT=326 DX=~0.2974 DY=0.4193 Dz=-0.1716
AMVT Cca=5 PT=326 DX=-0.3091 DY=0.4357 DZ=-0.1783
AMVT Ch=6 PT=326 DX=-0.2974 DY=0.4193 DZ=-0.1716
AMVT CA=7 PT=326 DX=-0.2902 DY=0.4091 DZ=-0.1674
AMVT Ch=8 PT=326 'DX=-0.2974 DY=0.4193 Dz=-0.1716
- AMVT CA=9 ~ PT=326 DX=-0.14I2 DY=0.1991 DZ=-0.0815
AMVT. CA=10  PT=326 DX=-0.2788 Dy=0.3930 Dz=-0.1609
AMVT Ch=11  PT=326 DX=-0.1412 DY=0.1991 Dz=-0.0815
AMVT = CA=12  PT=326 DX=-0.3120- DY=0.4398 DZ=-0.1800
 AMVT Ca=13  PT=326 DX=-0.3120. DY=0.4398 Dz=-0.1800
BMVT Ca=14  PT=326 DX=-0.1899 DY=0.2678 Dz=-0.1097
AMVT CA=15  PT=326 Dx=-o.1613 DY=0.2275 Dz=-0.0931
AMVT CA=16  PT=326 DX=-0.0939% DY=0.1324 DZ=-0.0542
AMVT  .CA=17  PT=326 DX=-0.0174 DY=0.0246 DZ=-0.0101

AMVT Cha=18 PT=326 X=~0.0174 DY=0.0246." DZ=-0.0101
- AMVT Ca=19 PT=326 DX=~0.0939 DY=0.1324 DZ=-0.0542
AMVT Ca=20 PT=326 DX=-0.0174 DY=0.0246 DZ=-0.0101
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AMVT
AMVT
BAMVT
AMVT

INCL FN=Z:\SISJ~PROJECTS\VY-16Q\RevO\REG7A. INP

* .

MATL CD=

JUNC PT=

CROS CD=

BRAN PT=
- TBNG -PT=

MATL CD=

BRAD PT=

"MATL CD=

TANG PT=

TANG PT=

MATL CD=
BRAD PT=
MATL CD=
CROS CD=
VALV PT=
JUNC PT=
VALV PT=

JUNC PT=
RIGD PT=
LUMP PT=
JUNC PT=
CROS CD=

TANG PT=

CROS CD=

VALV PT=
JUNC PT=
RIGD PT=
LUMP PT=
© JUNC PT=
VALV PT=

ca=21
cA=22
CcA=23
ca=24

376.316

500
25

PT=326
PT=326
PT=326
PT=326

502 DX=1.67 EW
506 DX=2.53 EW

403.316

507 RA=1.67 EW

376.316

508 DZ=-4.01

515 D2
403.316

-4.53 E

520 RA=1.67 EW

376.316

26

525

530 DX

525

525 DX=-3.34 PL

-1.99 PL

526 DY=2.5
526 MA=7.569

530
25

540 DX=-1.13 E

26

545 DX

545

-1.97 PL

547 DY=2.5
547 MA=T7.355

545

DX=-0.0358 -
DX=-0.2974
DX=-0.1915
DX=-0.0174

=0 TE=1
=0

=1

=1

=2 EW=1

550 DX=-1.98 PL=2 EW=1

DY=0.0505
DY=0.4193
DY=0.2700

' DY=0.0246

DZ=-0.0207
DZ=-0.1716
DZ=-0.1105
Dz=-0.0101

RHR SUPPLY VALVE NODE 550

*GROUP 17 FROM RHR SUPPLY VALVE TO PENET. NODE 565

INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG7B.INP

*

CROS CD=25

MATL CD=106

TANG PT=555 DX=-3.36 EW=1

BRAD PT=556 RA=1.67 EW=1

TANG. PT=560 DY=-10.17 EW=1

BRAD PT=561 RA=1.67 EW=1
File No.: VY-16Q-307 Page A15 of AS1
Revision: 0

F0306-01R0O



| .Stmcmml Integrity Associates, Inc.

TANG PT=563 DZ=-6.92
TANG PT=565 DZ=-6.92

K e

.. *BEGIN REGION 8'TRANSIENT_CARDS & GEOMETRY FOR 4 INCH BYPASS

K e e e

*GROUP 8 4 INCH BYPASS
INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REGS8.INP

*

. *NOTE CODING FOR 4 INCH BYPASS STARTS HERE

JUNC
CROS
MATL
BRAN
TANG
TANG
MATL
' BRAD
MATL
TANG

PT=152
CD=27

CDh=376.

PT=700
PT=702
PT=703

CD=403.

PT=704

CD=376.

PT=705

316

DX=-1.19
DX=-0.61
DX=-1.43

316

‘"TE=4

EW=0

RA=0.5 EW=0

316

DZ=5.

08

*NOTE CONSTANT SUPPORT HAll AT NODE 705

TANG
_ TANG
" TANG

TANG

TANG

_ JUNC
'BRAN

CROS

VALV

VALV

JUNC

VALV
‘CROS

TANG

MATL

BRAD

MATL

TANG

TANG

BRAN

PT=721
PT=706
PT=707
PT=708
PT=709
PT=707
PT=710
CD=28

PT=712
PT=715
PT=712
PT=714
CD=27

PT=723
CD=403
PT=716
CD=376
PT=718
PT=720
PT=176

bz=1.
.47

DZ=2

DZ=1.
DZ=0.
Dz=0.

DY=0

DY=0.

12

03
34
38

.34

71

TE=1

MA=0.3669 PL=1 *AL=$VALVE V2-54A$

DZ=-3.5 MA=0.1831 PL=3

DY=0.

DY=4.
.316
RA=0.
.316
DX=1.
DX=0.
DX=1.

71
19
5

48

56
19

PL=2

TE=4

- kkkFxx k4 kxxCODING FOR STRUTS RDAS5 AND VABL FOLLOW

JUNC
CROS
RIGD
CROS

RIGD

RIGD

CROS
JUNC
RIGD
CROS

PT=170

'CD=40

PT=725
CD=41
PT=715

PT=721

CD=42
PT=175
PT=173
CD=41

PT=708

*OD=4.5 inch .
DP=0 DX=-0.583 DY=1.84 *AL=SRDAS5$
*0OD=2.875 inch

DP=0 DX=-2.67 DY=-0.79

DP=0 DY=-1.05 *AL=$VAB1S

* ok ko % gk %k kx *CODING FOR RDAL STRUT FOLLOWS
*OD=28.339 inch

‘DP=0 DY=-3.5 Dz=0.34
*OD=2.875 inch
DP=0 DX=-3.21 *AL=$RDAlS
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*BEGIN REGION 9A TRANSIENT CARDS & GEOMETRY FOR RHR RETURN FROM TEE TO VALVE NODE 660
K e e e e e e o —— B .
*GROUP 9 RHR RETURN FROM TEE TO VALVE NODE 660
INCL FN=Z:\SISJ-PROJECTS\VY~16Q\RevO\REG9A.INP
*
*NOTE CODING FOR RHR RETURN STARTS HERE
CROS CD=29 .
JUNC PT=600
"MATL CD=376.316
"BRAN PT=602 DX=-3.8123 TE=1
MATL CD=403.316 '
"BRAD PT=610 RA=2 EW=1
TANP DY=4
BRAD PT=612 RA=2 EW=1
MATL CD=376.316
TANG PT=614 DZ=-10.38 EW=1
MATL CD=403.316
BRAD PT=615 RA=10 EW=1
MATL CD=376.316
TANG PT=620 DX=5.98 DZ=-3.45 EW=1
*NOTE . »
*NOTE VARTIABLE SPRING H104 AT NODE 620
*NOTE S '
*NOTE VALVE V10-81A DATA FROM 5920-4590 WEIGHT - 6845.#
*NOTE WEIGHT APPLIED AT ESTIMATED CENTER OF GRAVITY (NODE 623)
CROS CD=30 ' : :
VALV PT=622 DX=1.98 DZ=-1.15 PL=1 *AL=$VALVE V10-81A$%
JUNC PT=622 = .- v ‘ )
VALV PT=624 DX=1.98 DZ=-1.15 PL=2 EW=1
JUNC- PT=622 '
RIGD PT=623 DY=2.5
LUMP PT=623 MA=7.32 *VALVE ACTUATOR
" CROS CD=29
JUNC PT=624
TANG PT=625 DX=1.867 DZ=-1.078
TANG PT=630 DX=2.598 DzZ=-1.5 EW=1
MATL CD=403.316 :
BRAD PT=631 RA=3 EW=1 . : _
MATL CD=376.316 - : ..
TANG PT=640 DZ=-4.54 EW=1 . ' '
MATL CD=403.316
BRAD PT=641 RA=2 EW=1
MATL CD=376.316 :
*NOTE VALVE V10-46A DATA FROM 5920-4718 WEIGHT - 5295.%
CROS CD=30 : :
VALV PT=655 DX=-3.79 PL=1 TA=2 *AL=$VALVE V10-46A$
LUMP PT=655 MA=5.77 '

*BEGIN REGION 9B TRANSIENT CARDS & GEOMETRY FOR RHR RETURN FROM VALVE NODE 660 TO PENET. NODE
675 o :

© *GROUP 19 RHR RETURN FROM VALVE NODE 660 TO PENET. NODE 675
INCL FN=Z:\SISJ-PROJECTS\VY~16Q\RevO\REGI9B.INP
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T

*NOTE

' *NOTE VARIABLE SPRING H105 AT NODE 65

*NOTE
VALV PT=660 DX=-1.79 PL=2

EwW=1
*NOTE SPEC CHANGE TO CARBON STEEL

MATL CD=106
CROS CD=29
" TANG PT=661 DX=-1
TANG PT=663 DX=-3.31 EW=1
BRAD PT=665 RA=2 EW=1 :
TANG PT=670 DY=-10.5 DZ=0.38 EW=1
BRAD PT=671 RA=2 EW=1
TANG PT=673 Dz=-7.74
TANG PT=675 DZ=~7.74
M Sup g . .
*END REGION 9B GEOMETRY FOR RHR RETURN FROM VALVE NODE 660 TO PENET. NODE 675
K e e
*
*___~______f_‘ _______________
*+*STRESS INDICES AT CROSS POINT
K e o o e = ——— T ————
* B
INDI AT=210 AF=195 B1=0.5 Cl=1 Kl=4 B2=2.256 C2=3.024 K2=1 C3=1 K3=1 CP=0.5
"INDI AT=210 AF=215 B1=0.5 Cl=1 Kl=4 B2=2.256 C2=3.024 K2=1 C3=1 K3=1 CP=0.5
"INDI AT=210 AF=240 B1=0.5 Cl=1 Kl=4 B2=1.805 C2=3.024 K2=1 C3=1 K3=1 CP=0.5
© INDI AT=210 AF=260 B1=0.5 Cl=1 Kl=4-B2=1.805 C2=3.024 K2=1 C3=1 K3=1 CP=0.5
Lo RrmenT BRTent BemEes o .
*+%* SUPPORTS
K o e i ——— =t —————_— e ——— .
RSTN PT=675 DX=1 SP=16000 "*RHR SUPPLY PENET.
RSTN PT=675 DvY=1 SP=16000" *RHR SUPPLY PENET.
RSTN PT=675 DzZ=1 SP=23000 *RHR SUPPLY PENET.
ROTR PT=675 RX=1 - $P=300000 *RHR SUPPLY PENET.
ROTR PT=675 RY=1 S$P=300000 *RHR SUPPLY: PENET.
ROTR PT=675 RZ=1 SP=340000 *RHR. SUPPLY PENET.
RSTN PT=565 Dx=1 $SP=16000 *RHR SUPPLY PENET.
RSTN PT=565 DY=1.  SP=16000 *RHR SUPPLY PENET.
RSTN PT=565 DZ=1 SP=23000 *RHR SUPPLY PENET.
ROTR PT=565 RX=1] SP=300000 *RHR SUPPLY PENET.
ROTR PT=565 RY=1 " SP=300000 *RHR SUPPLY PENET.
ROTR PT=565 RZ=1 SP=340000 *RHR SUPPLY PENET.
%
SNUB PT=12  Dz=-1 SP=1000 *AL=$SNUBBER SS-7A-1$
SNUB PT=12 DX=1- SP=1000 *AL=$SNUBBER SS-7A-2%
SNUB PT=190 DX=-1 SP=1000 *AL=$SNUBBER SS-6-Al$
SNUB PT=180 DzZ=1 SP=1000 *AL=$SNUBBER SS-6-A2S$
. .
VSUP PT=20 DY=1 FO=24.8 SP=2.664 *AL=SVARI. SUPT. HA-1$
*
CSUP PT=27 DY=1 FO=8.3 KP=0.01 *AL=SCONST. SUPT.:H—B—A1$
CSUP PT=42 DY=1 FO=8.3 KP=0.01 *AL=$CONST. .SUPT. H-8-A2$
CSUP PT=56 DY=1 FO=18.05 KP=0.01 *AL=SCONST. SUPT. HA3 FOR PUMP$
CSUP PT=69 DY=1 FO=18.0 KP=0.01 *AL=$CONST. SUPT. HA4 FOR PUMP$
CSUP PT=63 DY=1 FO=18.02 KP=0.01 *AL=$CONST. SUPT. HAS5 FOR PUMP$
CSUP PT=160 DY=-1 FO=11.8 KP=0.01 *AL=SCONST. SUPT. HA-9 & HA-10$
CSUP PT=705 Dy=1 FO=0.960 KP=0.01 *AL=8CONST. SUPT. HA-11 ON 4 INCH BYPASSS
* : .
VSUP PT=184 DY=1 FO0=36.0 SP=3.542 *AL=$VARI. SUPT. HA-2$
VSUP PT=343_ DY=1 FO=7.1 SP=3.014 *AL=$VARI. SUPT. HA13$
File No.: VY-16Q-307 Page A18 of AS1
Reviston: 0
F0306-01R0



Structural Infegrity Associates, Inc.

VSUP PT=313
. .

VSUP PT=530
VSUP PT=620
VSUP PT=655

*

SFat

*

DY=1‘ FO=7.1 SP=3.01

DY=1 SP=9.420 FO=26.

DY=1 SP=7.084 FO=14.
DY=1 SP=4.710 FO=22.

igue Analysis$

4  *AL=$VARI. SUPT. HAl4$

0  *AL=S$HANGER H109 RHR SUPPLY VALVES$
9 *AL=$HANGER H104 RHR RETURN VALVES
0  *AL=SHANGER H105 RHR RETURN VALVES

*RECIRC PUMP

RSTN PT=15 DY=0.7071 D2=-0.7071 SP=6000
RSTN PT=16 DX=-0.7071 DY=0.7071 SP=6000 *RECIRC PUMP
.ENDP .
RHR 15.inp
IDEN JB=3 *Job number (1 to 9999)
- CD=1 *1=ASME Class 1
GR=-Y *Direction of gravity
VA=0 *0=Calculate 2=Verify
IU=1 *Input units 1=0sa
oU=1 *Qutput units 1=0sA
CH=$ *Delimiter character
AB=T *FREE errors = abort
PL=$Vermont Yankee$
EN=$RVPS$
TITL BL=3 *Modeling option:
* 3 = uniform mass for static analysis
* lumped mass for dynamic analysis
* rotational inertia ignored
GL=1 *Report forces/moment 0=Global 1=Local .
SU=1 *Support summary ) 0=No ‘1=Yes-
Ccv=15 *Code version - See Manual
HS=1 *Highest 20 stress ratios for each case
MD=1 *Hot modulus . : )
J6=1 *File generated by program

TI=$Vermont Yankee Recirculation $

FREQ RF=1 RP=8 FR=36 MP=20 RC=0 MX=70 TI=$SEISMICS

2=G et L

IR SRS S SRS SRS R R EREREREEEREEREEEEEEESEERXS

***x%x THERMAL CYCLE LOAD CASES****

:k****\k**‘k*************************V***

LCAS RF=0 CA=1 TY=0 TI=S$LC-1$ *TC-1
LCAS RF=0 CA=2 TY=0 TI=$LC-2$ *TC-2
LCAS RF=0 CA=3 TY=0 TI=$LC-3$ *TC-3
LCAS RF=0 CA=4 TY=0 TI=SLC-4% *TC—4
LCAS RF=0 CA=5 TY=0 TI=$LC-5$% *TC-5
LCAS RF=0 CA=6 TY=0 TI=SLC-6$ *TC-6
LCAS RF=0 CA=7 TY=0 TI=$LC-7$ *TC-7
LCAS RF=0. CA=8 TY=0 TI=$LC-8% *TC=8
LCAS RF=0 CA=9 TY=0 TI=$LC-9% *TC-9
LCAS RF=0 CA=10 TY=0 TI=$LC-10% *TC-10
LCAS RF=0 CA=11 TY=0 TI=$LC-11$% *TC-11
LCAS RF=0 CA=12 TY=0 TI=$ILC-12$ *TC~12
LCAS RF=0 CA=13 TY=0 TI=$LC-13$% *TC-13
LCAS RF=0 CA=14 TY=0 TI=$LC-14$ *TC-14
LCAS RF=0 CA=15.TY=0 TI=$LC-15% *TC-15
. LCAS RF=0 CA=16 TY=0 TI=$LC-16S$. *TC-16
" LCAS RF=0 CA=17 TY=0 TI=$LC-17$  *TC-17
LCAS RF=0 CA=18 TY=0 TI=$LC-18$ *TC-18
LCAS RF=0 CA=19 TY=0 TI=$LC-19% *TC-19
LCAS RF=0 CA=20 TY=0 TI=$LC-20$ *TC-20
LCAS RF=0 CA=21 TY=0 TI=$LC-21% *TC-21
LCAS RF=0 CA=22 TY=0 TI=$LC-22% *TC-22
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LCAS RF=0 CA=23 TY=0 TI=$LC-23$
A=24 TY=0 TI=$LC-24$%  *TC-24
“TC-25

LCAS RF=0.C

LCAS RF=0 CA=25 TY=0 TI=$LC-25$%

*
* kok ok k k ok ok kK Kk

*kxk WEIGHT

Lok ok ok ok ok ok ok ok ok ok

ok Kok ok ok ok Kok ok

CASES****

* ¥k kok ok ok ok ke ok

*TC-23

LCAS CA=101 RF=1 TY=3 TI=$OPERATING WEIGHT$
RF=2 TY=4 TI=$HYDROTEST WEIGHTS$

LCAS CA=102

*

* kok ok ok ok ok ok ok kK

ik kkkhkhkhkhk bk kkkhkhkkhkkkk

wxx* THERMAL TRANSIENT CASES****

* Kk ke k ok ok ok ok ok ok k

TCAS CA=201
TCAS CA=202
"TCAS CA=203
TCAS CA=204

TCAS CA=205

TCAS CA=206
TCAS CA=207
TCAS CA=208
TCAS CA=209
TCAS CA=210
TCAS CA=211
TCAS CA=212
TCAS CA=213
TCAS CA=214
TCAS CA=215
" TCAS CA=216
TCAS CA=217
TCAS CA=218
TCAS CA=219
TCAS CA=220
TCAS CRA=221
TCAS CA=222
TCAS. CA=223
'TCAS CA=224
. TCAS CA=225
_*
* ok ok ok ok ok k ok ok ok ok

S kkkk SETSMI

* Kok ok ok ok ok koK ok
'RCAS CA=103
d ok ok kk ok ok ko ok
**x* % T,OAD C
kok ko ok ok ok Kok ok
CCAS RF=1 C
CCAS RF=1 C
CCAS RF=1 C

*

Fok ok ok ok ok ok ko K
**x%% TLOAD S
P s A ]

*

dok ok ok dok ko ok ok ok ok ok ok ok ok ok ok ok ok

TI=$Design Hydrotest (+
TI=$Design Hydrotest (-
TI=$Startup

TI=$TRoll & Inc. PWR1
TI=$TRoll & Inc. PWR2
TI=SLOFWH+TT PWRI1
TI=SLOFWH+TT : PWR2
TI=$LOFWH+PFWHTR Bypl
TI=$LOFWH+PFWHTR Byp2
TI=$LOFWP, ISO C1 DN 1
TI=$LOFWP, ISO Cl UP 1
TI=$LOFWP, ISO Cl DN 2
TI=$LOFWP, ISO Cl UP 2
TI=SReduction to 0% PWR
TI=$Shutdownl »
TI=$Shutdown2
TI=$Shutdown3
TI=$Shutdown4

TI=$Code Hydrotest
TI=$RHR Initiation UP
TI=$RHR Initiation DN
TI=$Inadvert. Inj. DOWN
TI=$Inadvert. Inj. UP
TI=$Single Relief BD DN
TI=$Single Relief BD UP

* kokok ok ok ok Kok ok ok

C CASES****

* ok k ok ok ok Kok ok ok Kk

EQ=3  EV=1 TY=1 .SU=1 LO=

hkkhkkhkhkhhkdkhrhhkhkkdkk .

OMBINATION CASES * -
hhkhkkkhkkkdhkkdhhkdhkkkkk

A=104 ME=1 FL=1 (1
A=401 SS=1 ME=1 EQ=3 C1

)
)

-m-m-m3m«m-m-m~m-m-m-m-m-m-m-m-m-m-m-m-m-m~m-m-m-m

1 FX=1 FY=1 FZ=1 TI=$OBE INERTIAS

=103
=101

CY=10 TI=$SOBES
C2=103 TI=$EQUATION 9 LEVEL BS$

A=402 SS=1 ME=3 Fl=1 C1=103 C2=1 TI=SNORMAL+O0OBES

* kK ok %k ok

ETS****

* Kk kok ok ok ok

CCAS RF=1 CA=403 SS=1 ME=3 Fl=-1 C1=103

c2=1 TI=$NORMAL-OBES

LSET RF=1 - FC=0 RP=1 CY=120 PR=1] MO=1 TR=201 TI=$Design Hydrotest (+)LS-1$
LSET RF=2 FC=0 RP=1 CY=120 PR=2 MO=2 TR=-202 TI=$Design Hydrotest (-)LS-2%
LSET RF=3 FC=0 RP=1 CY=300 PR=3 MO=3 TR=203 TI=$Startup LS-3$
.LSET RF=3 FC=0 RP=1 CY=579 PR=4 MO=4 TR=-204 TI=$TRoll & Inc. PWR1 LS-4s%
File No.: VY-16Q-307 ~Page A20 of AS1
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TI=$TRoll & Inc. PWR2 -

LS-5%

LSET RF=4 FC=0 RP=1 CY=579 PR=5 MO=5 TR=-205
LSET RF=4 FC=0 RP=1 CY=20 PR=6 MO=6 TR=206 TI=$LOFWH+TT PWR1 LS-6$
LSET RF=4 FC=0 RP=1 CY=20 PR=7 MO=7 TR=-207 TI=$LOFWH+TT PWR2 LS-7$
LSET RF=5 FC=0 RP=1 CY=70 PR=8 MO=8 TR=-208 TI=$LOFWH+PFWHTR Bypl LS-8%
LSET RF=5 FC=0 RP=1 CY=70 PR=9 MO=9 TR=209 TI=SLOFWH+PFWHTR Byp2 LS-9$
LSET RF=5 FC=0 RP=1 CY=10 PR=10 MO=10 TR=-210 TI=$LOFWP, ISO Cl DN 1 LS-10%
LSET RF=11 FC=0 RP=1 CY=20 - PR=11 MO=11 TR=211 TI=$LOFWP, ISO Cl UP 1 ' LS-11$
LSET RF=11 FC=0 RP=1 CY=20 PR=12 MO=12 TR=-212 TI=$LOFWP, ISO Cl DN 2 LS-12%
LSET RF=3 'FC=0 RP=1 CY=10 .. PR=13 MO=13 TR=213 TI=$LOFWP, ISO Cl UP 2 LS-13%
LSET RF=3 FC=0 RP=1 CY=300 PR=14 MO=14 TR=214 TI=S$Reduction to 0% PWR LS-14%
LSET RF=5 FC=0 RP=1 CY=300 PR=15 MO=15 TR=-215 TI=$Shutdownl LS-15$
LSET RF=15 FC=0 RP=1 CY=300 PR=16 MO=16 TR=-216 TI=$Shutdown2 LS-16%
" LSET RF=16 FC=0 RP=1 CY=300 PR=17 MO=17 TR=-217 TI=$Shutdown3 LS-17%
LSET RF=20 FC=0 RP=1 CY=300 PR=18 MO=18 TR=-218 TI=$Shutdownd 1LS-18$%
LSET RF=19 FC=0 RP=1 CY=1 PR=19 MO=19 TR=219 TI=$Code Hydrotest ‘LS-19%
LSET RF=20 FC=0 RP=1 CY=300 PR=20 MO=20 TR=220 TI=$RHR Initiation UP  LS-20%
LSET RF=20 FC=0 RP=1 CY=300 PR=21 MO=21 TR=-221 TI=$RHR Initiation DN ‘LS-21%
'LSET RF=5 FC=0 RP=1 CY=0 PR=22 MO=22 TR=-222 TI=$Inadvert. Inj. DOWN LS-225
LSET RF=5 FC=0 RP=1 CY=0 PR=23 MO=23 TR=223 TI=$Inadvert. Inj. UP LS-23%
LSET RF=23 FC=0 RP=1 CY=0 PR=24 MO=24 TR=-224 TI=$Single Relief BD DN LS-245$
LSET RF=24 FC=0 RP=1 Cy=0 PR=25 MO=25 TR=225 . TI=$Single Relief BD UP LS-25$
+* ‘ .
LSET RF=2 FC=0 CY=5 FL=1 PR=2 MO=402 TI=$NORMAL+OBE LS-26$
. LSET RF=2 FC=0 CY=5 FL=1 PR=2 MO=403 TI=$NORMAL-OBE LS-27$%
* k k k kk .
*FATG AT=500 AF=502
*FATG AT=600 AF=602
. ,
**********************‘****
**+% RESPONSE SPECTRA****
*ohok ok k ko ok ok ok ok ok ok ok k kok ok ok ke kk ok ok ke
~ SPEC FS=ORE EV=1 ME=3 FP=0 TI=$RESPONSES
LV=1 DX=1 DY=1 Dz=1 . :
DI=X . : :
0.30/0.100° 0.40/0.100 0.90/0.200 1.25/0.400 2.25/0.450 2.30/0.700
3.30/0.700 4.40/0.750 4.41/0.900 4.75/1.100 5.20/1.100 5.80/1.600
8.70/1.600 12.00/0.650 17.00/0.400 20.00/0.350 30.00/0.350 36.00/0.350
DI=Y ' :
0.30/0.030 0.40/0.030 0.50/0.050 0.60/0.075 1.00/0.075% 1.20/0.100
2.00/0.220 2.40/0.350 3.50/0.350 3.60/0.300 5.30/0.300 5.75/0:330
8.25/0.330 8.75/0.250 17:50/0.250 25.00/0.120 30.00/0.120 36.00/0.120
DI=2Z :
0.30/0.100 0.40/0.100 0.50/0.130 0.90/0.150 1.00/0.250 1.60/0.250
1.90/0.600 3.50/0.600 3.75/0.700 4.40/0.700 4.50/0.800 6.25/1.500
8.50/1.500 12.50/0.500 20.00/0.350 30.00/0.350 36.00/0.350. :
* - . .
*'*****i{******.****~**i—******_i‘<**
" *#%%x%x MATERIAL PROPERTIES ****
*****f***********************
' * ASTM BA-106 Grade B, PIPE * :
MATH CD=106 EX=0 TY=1 *C-Si .
MATD. TE=70 EH=29.5 EX=0.0  SM=20.0 SY=35
MATD TE=100 EH=29.3 EX=0.20 SM=20.0 SY=35
MATD TE=200 EH=28.8 EX=1.00 SM=20.0 Sy=32.1
MATD TE=300 EH=28.3 EX=1.90 SM=20.0" SY=31
MATD TE=400 EH=27.7 EX=2.80 SM=20.0 SY=29.9 -
MATD TE=500 EH=27.3 EX=3.70 SM=18.9 SY=28.5
MATD TE=600 EH=26.7 EX=4.70 SM=17.3 SY=26.8
* ASME SA-376 Grade TP316, PIPE *
MATH CD=376.316 EX=0 TY=4 *16Cr~12Ni-2Mo
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EH=28

MATD TE=70 .3 EX=0.0. SM=20.0 SY=30.0
MATD TE=100 EH=28.1 EX=0.30 SM=20.0 SY=30.0
MATD TE=200 EH=27.6 EX=1.40 SM=20.0 SY=25.9
MATD TE=300 EH=27.0 EX=2.50 SM=20.0" SY=23.4
MATD TE=400 EH=26.5 EX=3.70 SM=19.3 SY=21.4
MATD TE=500 EH=25.8 EX=5.00 SM=18.0 SY=20.0
MATD TE=600 EH=25.3 EX=6.30 SM=17.0 SY=18.9
* ASME SA-403 Grade WP316, ELBOWS *
‘MATH CD=403.316 EX=0. CTY=4 *16Cr-12Ni-2Mo
MATD TE=70 EH=28.3 EX=0.0 SM=20.0 SY=30.0
MATD TE=100 EH=28.1 EX=0.30 SM=20.0 SY=30.0
- MATD TE=200 EH=27.6 EX=1.40 SM=20.0 SY=25.9
MATD TE=300 EH=27.0 EX=2.50 SM=20.0 SY=23.4
MATD TE=400 EH=26.5 EX=3.70 SM=18.7 SY=21.4.
' MATD TE=500 EH=25.8 EX=5.00 SM=17.5 SY=20.0
MATD TE=600 EH=25.3 EX=6.30 SM=16.4 SY=18.9
*** Cross Sectional Properties ' .
CROS CD=1 OD=50.0 WT=8.87 MA=3977.2 *CALC. PER GE SPEC. NO. 23A5569 [3] l
] S0=1 ST=1.0 - *RECIRCULATION OUTLET NOZZLE .
CROS CD=2 OD=37.85 WT=6.1 MA=2122.2 *CALC. PER GE SPEC. NO. 23A5569 [3]
o S0=1 ST=1.0 : .
CROS CD=3 OD=28.875 WT=1.56 MA=484.9 *CALC. PER GE SPEC. NO. 23A5569 [3] l
: So=1 ST=1.0 , .
CROS CD=4 OD=28.638 WT=1.45 MA=450.4. *CALC. PER GE SPEC. NO. 23A5569 [3]
S0=1 ST=1.0 - ‘ : ,
CROS CD=5 OD=28.169 WT=1.244 MA=386.1 *CALC. PER GE SPEC. NO. 23A5569 [3] I
so=1 ST=1.0 ' : :
CROS CD=7 OD=28.166 WT=2.125 MA=0.001 *VALVE
‘ S0=1 - ST=1.0 KL=1 :
CROS CD=8 OD=42.507 WT=2.486 MA=0.001 *PUMP I
SO=.001  ST=.001 KL=1
CROS CD=11 OD=6.625 WT=0.432 MA=0.001 *PUMP RIGID STRUTS
. S0=0.001 ST=0.001 KL=1 .
CROS CD=13 OD=28.339 WT=1.339 MA=415.1 *CALC. PER GE SPEC.-NO. 23A5569 [3] I
s50=1 . ST=1 '
CROS CD=14 0OD=28.339 WT=2.67. MA=0.001 *VALVE
S0=1 ST=1.0 KL=1
CROS CD=15 0D=12.748 WT=0.685 MA=103.4 *CALC. PER GE SPEC. NO. 23A5569 [3] I
. SO=1 ST=1.0 ' : :
CROS CD=16 OD=14.17 WT=1.395 MA=207.5 *CALC. PER GE SPEC.. NO. 23A5569 [3]
50=1 ST=1.0 - . . o . .
_CROS CD=17 OD=15.5 WT=2 MA=307.7 *CALC. PER GE SPEC. NO. 23A5569 [3] I
S0=1 ~  8T=1.0 ' : _
CROS CD=18 OD=21.88 WT=4.06 MA=803.2 *CALC. PER GE SPEC. NO. 23A5569 (3]
sSo=1 . ST=1.0 . '
CROS CD=19 OD=28.25 WT=7.25 MA=1673.1 *CALC. PER GE SPEC. NO. 23A5569 [3] l
s0=1 ST=1.0 : '
CROS CD=20 OD=21.878 WT=1.043 MA=257.2 *CALC. PER GE SPEC. NO. 23A5569 [3]
So=1 ST=1.0 :
CROS CD=25 0OD=20 WT=1.031 MA=221.9 *CALC. PER GE SPEC. NO. 23A5569 [3] l
so=1 ST=1 '
CROS CD=26 0OD=20 WT=1.875 MA=0.001 *VALVE
S0=1 ST=1 KL=1
CROS CD=27 OD=4.5 WT=0.3385 MA=23.2 *CALC. PER GE SPEC. NO. 23A5569 [3] I
i S0=1 ST=1 KL=1 *4 inch bypass line
CROS CD=28 OD=4.5 WT=0.67 MA=0.001" *VALVE V2-54A
’ ' So=1 ST=1 KL=1 '
CROS CD=29 0OD=24. WT=1.217 MA=316.5 *CALC. PER GE SPEC. NO. 23A5569 [3] I
50=1 ST=1
CROS CD=30 OD=24 WT=2.43 MA=0.001 *VALVE
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so=1 .sT=1 KL=1

CROS CD=40 0D=4.5 WT=0.3385 MA=0.001 *4 inch bypass STRUTS

' $0=0.001 ST=0.001 KL=1 : :

CROS CD=41 OD=2.875 WT=0.276 MA=0.001 *STRUT RDAl, RDA5, & VBAl

_ S0=0.001 ST=0.001 -KL=1 :

CROS- CD=42 OD=28.339 .WT=1.339 MA=0.001 *RIGID FROM RECIRC ELBOW TO RDALl STRUT
S0=0.001 ST=0.001 KL=1

**********************

* STRUCTURE AND LOADS

khhkhkhkhkhhkhkhdkhhrhdkdkkhkkk

INCL FN=2:\SISJ-PROJECTS\VY~16Q\RevO\REGL.INP

* :

* RUN 1 FROM ANCHOR TG REACTOR VESSEL N3B

*GROUP- 1 FROM ANCHOR TO REACTOR VESSEL N3B

*NOTE - , _
*NOTE .NODE 003 - RECIRC SUCTION NOZZLE N1A (EL. 279'5 INCH)
_*NOTE NODE 003 IS AT THE SAFE END TO VESSEL NOZZLE CONNECTION
*NOTE . :

*NOTE SAFE END FROM NODES 003 TO 808

*NOTE CONNECTION TO VESSEL AT NODE 003

*NOTE OD AND WALL THICKNESS FOR SAFE END TAKEN FROM GE CALC

*NOTE . . I
MATL CD=376.316 .
CROS CD=1

. COOR PT=3 BX=0 AY=0 AZ=0
ANCH PT=3 : v _
AMVT ch=1 PT=3  DX=0.0000 DY=0.0176 Dz=-0.0201
AMVT CA=2 PT=3 DX=0.0000 DY=0.3141 Dz=-0.3602
AMVT ChA=3 PT=3 DX=0.0000 DY=0.3112  DZ=-0.3568
AMVT Ch=4 PT=3 DX=0.0000 DY=0.2995 Dz=-0.3434
AMVT = CA=5 PT=3 DX=0.0000 DY=0.3112 Dz=-0.3568
AMVT CA=6 PT=3 DX=0.0000 DY=0.2995 DzZ=-0.3434
AMVT ca=7  PT=3 DX=0.0000 DY=0.2922 DzZ=-0.3350

"~ AMVT ‘CA=8 PT=3 DX=0.0000 DY=0.2995 Dz=-0.3434
AMVT CA=9 PT=3 DX=0.0000 DY=0.1422 Dz=-0.1630
AMVT CA=10  PT=3 DX=0.0000 DY=0.2807 Dz=-0.3218
AMVT CA=11  PT=3  .DX=0.0000 DY=0.1422 Dz=-0.1630
AMVT CA=12  PT=3 DX=0.0000 DY=0.3141 DZ=-0.3602
“AMVT CA=13  PT=3 DX=0.0000 " DY=0.3141 D2=-0.3602
AMVT ChA=14  PT=3 DX=0.0000 DY=0:1928 D2z=-0.2521
AMVT CA=15  PT=3 DX=0.0000 DY=0.1624 Dz=-0.1986
AMVT CA=16  PT=3 DX=0.0000 DY=0.0946 DZ=-0.1084
AMVT CA=17 PT=3 DX=0.0000 DY=0.0176 Dz=-0.0201
AMVT CA=18  PT=3 DX=0.0000 DY=0.0176 DzZ=-0.0201
AMVT CA=19  PT=3 DX=0.0000 DY=0.0946. DZ=-0.1084
AMVT CA=20  PT=3 DX=0.0000 'DY=0.0946 DzZ=-0.1084
AMVT . CA=21  PT=3 DX=0.0000 DY=0.0361 DzZ=-0.0413
AMVT = - CA=22  PT=3  .DX=0.0000 DY=0.2995 D2z=-0.3434
AMVT CA=23  PT=3 DX=0.0000 DY=0.1928 DZ=-0.2521
AMVT ChA=24  PT=3 DX=0.0000 DY=0.0176 D2z=-0.0201
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TANG
. CROS
TANG
CROS
- TANG

CROS |

CROS

PT=805 DZ=-1.017 EW=1

CD=2 _
PT=806 Dz=-0.823 EwW=1
CD=3 .
PT=807 DZ=-0.58 EW=1
CD=4 : «

'PT=808 Dz=-0.47

CD=5

PT=5 DZ=-5.59 EW=1
CD=403.316

PT=7 RA=3.5 EW=1
CD=376.316

- PT=9 DY=-6.69 EW=1

PT=500 DY=-2.31

*GROUP. 2 RHR SUPPLY TEE TO PUMP

INCL
*

TANG
CROS

TANG

TANG
TANG
TANG
MATL
BRAD
MATL
- TANG
'CROS
VALV
JUNC
VALV
JUNC
RIGD
LYMP
JUNC
. CROS
TANG
TANG
" TANG
MATL
BRAD
MATL
CROS
TANG
LUMP
TANG
TANG
. TANG
. LUMP
TANG

*NOTE SNUBBERS ON TOP OF PUMPS WERE DELETED DURING

FN=2:\SISJ~-PROJECTS\VY-16Q\RevO\REG2. INP

PT=11 DY=-2.22 EW=1
CD=5 :

PT=12 DY=-1.78

PT=20 DY=-6.77

PT=22 DY=-3.25

PT=25 DY=-15.49 . EW=1

CD=403.316
PT=26 . RA=3.5 EW=1

CD=376.316 ,

PT=27 DX=-3.3 DzZ=1.27 EW=1

CD=T o : ’ .

PT=30 DX=-2.28 DZ=0.89 MA=10.368 PL=1
PT=30 - ‘

PT=40 DX=-2.31 Dz=0.9 PL=2 EW=1
PT=30 " .
PT=35 DY=7

PT=35 MA=1.132

‘PT=40

CD=5

PT=42 DX=-1.18 DZ=0.46

PT=43 DX=-0.55 DzZ=0.21

PT=44 DX=-3.31 DZ=1.28 EW=1
Cb=403.316

PT=46 RA=2.33 EW=1
CD=376.316

CD=8 .

PT=50 DY=4.33 EW=0

PT=50 MA=28 *NOTE WEIGHT OF PUMP FLOODED 28K (EXCLUDING MOTOR)

PT=75 DY=0.5
PT=83 DY=2.13
PT=86 DY=3.38

PT=86 MA=32 *NOTE TOTAL WEIGHT OF PUMP MOTOR 32000 LBS

PT=90 DY=4.08 *TOP OF PUMP

*NOTE THE RECIRC PIPE REPLACEMENT PROJECT
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*

JUNC
~ CROS
RIGD
RIGD
" JUNC
RIGD
RIGD
JUNC
CROS
RIGD
RIGD

*

*
CROS
JUNC
RIGD

ok

RIGD

*PUM
.CROS
JUNC

'CROS
TANG
TANG

 CROS

VALV
JUNC
RIGD
LUMP
JUNC
VALV
- CROS
MATL
BRAD
MATL

TANG

TANG
“TANG
TANG
TANG

JUNC.

TANG

PT=50
CD=8

PT=54
PT=56
PT=50
PT=66
PT=69
PT=50
CD=8

PT=60
PT=63

*NOTE - RIGID LINKS FOR CONSTANT SUPPORTS AT PUMP FOLLOW

' *GROUP 3 FROM PUMP DISCHARGE TO HEADER
INCL FN=Z:\SISJ—EROJECTS\VY—I6Q\RevO\REG3.INP

DX=1.06 DZ=1.06

DX=1.06
DZ=-3.83
DY=1 . .

DX=-3.83
DY=1

DY=0.75 Dz=1.06 *NOTE CONSTANT SUPPORT HA3 AT NODE 56

*NOTE CONSTANT SUPPORT HA4 AT NODE 69

*CONSTANT SUPPORT HAS AT NODE 63

* **% CODING FOR PUMP RIGID STRUTS FOLLOW **%*

CODED FROM PUMP CENTERLINE

cp=11
PT=66
PT=15

PT=60
PT=16

P 'INLET
CD=8
PT=50

CD=13

PT=152
PT=155
CD=14

PT=160
PT=160
PT=163
PT=163
PT=160
pPT=170
CD=13

CD=403.

PT=175

CDh=376.

PT=176
PT=177

PT=184
PT=186
PT=188
PT=189

DY=0.

DX=-0

DZ=1.25

7071 DZ=-0.7071

.7071 DY=0.7071

* *%* END OF CODING FOR PUMP SUPPORTS ***

TANG PT=150 DX=-2.17
BRAN PT=151 DZ=2.333 TE=1
*NOTE PUMP DISCHARGE CONNECTION TO PIPE AT NODE 151

DZ=1 EW=1

PL=1 DX

DX=0.0
=0.97

"PL=2 DX
316
RA=3.5
316

DY=5.385
DY=4.42

DY=4.42
DY=3.02
DY=1.51
DY=0.74

=0.0 DY=0.0 DZ=2.52 MA=6.8285

DY=7.12 Dz=0.0
15

=0.0 DY=0.0 DZ=6.18 "EW=1

EW=1

fNOTE ***WEIGHT OF FLOW ELEMENT NOT INCLUDED***
*NOTE ***REF. DWG.

5920-6800 FOR DIMENSIONS***

File No
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'TANG PT=190 DY=1.15 EW=1
'TANG PT=600 DY=1.06

***INPUT FILE TO INCLUDE EFFECTS OF RHR INITIATION ON LINE NEAR RHR RETURN TO HEADER
INCL FN=2Z: \SISJ-PROJECTS\VY~16Q\RevO\REG3B.INP

JUNC PT=600

TANG PT=195 DY=2.08 EW=1 o

TANG PT=210 DX=0.0 DY=1.83 DZ=0.0 KL=1 *CENTER OF CROSS, RECIRC HEADER
*MUST HAVE INDI CARD FOR EACH MEMBER CONNECTED TO CROSS CENTER

*GROUP 5 RISER TO NOZZLE NODE,336, _
INCL FN=Z:\SISJ-PROJECTS\VY~160Q\Rev0\REG5.INP

. .

*NOTE CROSS AND REDUCER DIMENSIONS TAKEN FROM 5920-6632 SHT.3
CROS CD=13 '

MATL CD=376.316 _

TANG PT=215 DX=0.0 DY=2.59 DZ=0.0 EW=0

CRED PT=220 DY=1.29 AN=30 EW=1 *AL=$CONC. REDUCERS$

CROS CD=15 :

TANG PT=330 DY=4.58

TANG PT=335 DY=3.29 .EW=1

MATL .CD=403.316

BRAD PT=334 RA=1.5 EW=1

*GROUP 6 TO NOZZLE NODE 336 ‘
INCL FN=Z:\SISJ~PROJECTS\VY-16Q\RevO\REG6.INP

* .

MATL CD=376.316

TANG PT=838 DX=3.875

CROS CD=16

TANG- PT=837 DX=0.875 EW=1

CROS CD=17

TANG PT=836 DX=0.37 EW=1

CROS CD=18

TANG PT=835 DX=0.53 EW=1

CROS CD=19

TANG PT=336 DX=0.704 EW=1

NOZZ PT=336 : }

AMVT cA=1 PT=336 DX=-0.0201 DY=0.0246 -D2Z=0.0000

: AMVT CA=2 PT=336 DX=-0.3602 DY=0.4398 DZ=0.0000
w AMVT CA=3 PT=336 DX=-0.3568 DY=0.4316 . DZ=0.0000
AMVT CA=4 PT=336 DX=~0.3434 DY=0.4152 DZ=0.0000

AMVT CA=5 PT=336 DX=-0.3568 DY=0.4050 DZ=0.0000
AMVT CA=6 PT=336 DX=-0.3434. DY=0.2940 DZ=0.0000

BMVT CA=7 ~ PT=336 DX=-0.3350 DY=0.3229 DZ=0.0000.
AMVT CA=8 PT=336 DX=-0.3434 DY=0.2700 Dz=0:.0000
AMVT CA=9 PT=336 DX=-0.1630 DY=0.1991 Dz=0.0000
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- AMVT

BAMVT -

AMVT
AMVT

AMVT.
- AMVT .~
CAMVT

AMVT

AMVT -

AMVT
AMVT
AMVT
AMVT
AMVT
AMVT

ca=10

cA=11
cA=12

CA=13".

ca=14
CA=15
CA=16
cA=17
CA=18

CaA=19
ca=20
cA=21"
_CA=22
CA=23 ",
CA=24

PT=336
PT=336

" PT=336

PT=336
PT=336
PT=336
PT=336

PT=336

PT=336
PT=336

PT=336 .

PT=336
PT=336
PT=336
PT=336

DX=-0.
DX=-0.
DX=-0.
‘DX=-0.
DX=~-0.
DX=f0 -
DX=-0.
DX=-0.
-DX=-0.
DX=-0.
DX==0.
DX=-0.
DX=-0.
DX=-0.

DX=-0

*NOTE - SAFE END FROM ‘NODES 838
*NOTE CONNECTION TO VESSEL AT NODE 336

*NOTE OD. AND WALL THICKNESS FOR SAFE END
*NOTE WEIGHT BASED ON THICKNESS

"JUNC
CROS
BRAN
TANG
BRAD

1630
3602
3602
2193
1862
1084

0201
1084
0201
0413
3434
2211
.0201

TO 336

3218

0201

.1626
.0246
.4398
.4316
.4152
.4050

=0.2940

.3229
.2700
.1991
L1626
.3229
.2700
.1991
1626

TAKEN

FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG4 . INP

PT=210
CD=20

PT=240 DX=0.1786 DY=0.0 Dz=1.7

PT=250 DX=0.3 DZ=2.853 )
EW=0 *NOTE BEND RADIUS IS 4.578 FEET

PT=255 RA=4.578
PT=340 DX=1.7399 DZ=3.108

EW=0

*GROUP 5 RISER TO NOZZLE NODE 366
FN=Z:\SISJ-PROJECTS\VY-160Q0\RevO\REGS5. INP

INCL
*.

TANG
CRED
CROS
TANG
BRAD
TANG

MATL

BRAD
MATL
CROS
TANG
TANG
MATL

PT=349
PT=347
CD=15

PT=343
PT=410
PT=360

PT=361
CD=376
CD=15

PT=362
PT=364

CD=403.

CD=403.

DX=0.

DX=0

DX=0.
RA=1.
DX=3.

316

RA=1.
.316

DY=3.
DY=8.

316

5 EW

18

1

71 Dz=1.23
.75 DZ=1.3

56 EW=1

EW=0

AN=30-

5525 DZ=0.957 EW
5 EwW=1 »
483 DZ=2.011

EW#

1

1

Dz=0.
DZ=0.
DZ=0.
DZ=0.
DZ=0.
DZ=0.
DZ=0.
DZ=0.
DZ=0.
Dz=0.
DZ=0.
' DZ=0.
.0000

DZ=0

DZ=0.
DZ=0.

FROM

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000~

0000
0000

GE CALC

" File No

. VY-16Q-307
Revision: 0

*GROUP 4 HEADER TO NOZZLE NODE 366
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BRAD PT=365 RA=1.5 "EW=1

*GROUP 6 TO NOZZLE: NODE 366

‘INCL FN=2Z:\SISJ-PROJECTS\VY- 16Q\RevO\REG6 INP
*

MATL CD=376.316

TANG PT=868 DX=1.8 DZ=-3.1

CROS CD=16 , o
- TANG PT=867 DX=0.4375 DZ=-0.76 EW=1
CROS CD=17
" TANG PT=866 DX=0.185 D2=-0.32 EW=1
CROS CD=18 : .
" TANG PT=865 DX=0.265 DzZ=-0.46 EW=1
CROS CD=19’ _
TANG PT=366 DX=0.352 DZ=-0.61 EW=1
NOZZ PT=366 : : ,
AMVT CA=1 PT=366 DX=~0.0101 DY=0.0246 - DZ=0.0174
AMVT CA=2 PT=366 DX=-0.1800 DY=0.4398 DZ=0.3120
-AMVT ca=3 PT=366 DX=-0.1783 DY=0.4357 DZ=0.309L
AMVT CA=4 PT=366 DX=-0.1716 DY=0.4193 DZ=0.2974
“AMVT CA=5 - PT=366 DX=-0.1783 'DY=0.4357 Dz=0.3091
AMVT CA=6 PT=366 DX=-0.1716 DY=0.4193 DZ=0.2974
-AMVT Cca=7 PT=366 DX=-0.1674 DY=0.4091 D2=0.2902
AMVT CA=8 PT=366 DX=-0.1716 DY=0.4193 DZ=0.2974
-AMVT CA=9 PT=366 DX=-0.0815% DY=0.1991 DZ=0.1412
AMVT CA=10 PT=366 DX=-0.1609 DY=0.3930 D2z=0.2788
- AMVT  CA=11 PT=366 DX=-0.0815 DY=0.1991 DZ=0.1412
AMVT CA=12 PT=366. DX=-0.1800 DY=0.4398 DZ=0.3120
AMVT CA=13 PT=366 DX=-0.1800 DY=0.4398 DZ=0.3120

AMVT CA=14 - PT=366 DX=-0.1097  DY=0.2678 DZ=0.1899
AMVT CA=15 PT=366 DX=-0.0931 DY=0.2275 Dz=0.1613
AMVT . CA=16 PT=366 DX=-0.0542 DY=0.1324 Dz=0.0939"
AMVT CA=17 . PT=366 DX=-0.0101 DY=0.0246 DZ=0.0174
AMVT CA=18  PT=366 DX=-0.0101 DY=0.0246 DZ=0.0174
AMVT CA=19 PT=366 DX=-0.0542 DY=0.1324 DZ=0.0939
AMVT CA=20  PT=366 DX=-0.0101 DY=0.0246 Dz=0.0174
BAMVT- CA=21  PT=366 DX=-0.0207 DY=0.0505. DZ=0.0358
AMVT -~ CA=22 PT=366 DX=-0.1716 DY=0.4193 DZ=0.2974
BMVT CA=23 ~PT=366 ' DX=-0.1105 DY=0.2700 D2Z=0.1915
" BMVT . CA=24 PT=366 DX=-0.0101 DY=0.0246 DZ=0.0174

*GROUP 4 HEADER TO NOZZLES NODE 326 & 316
INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG4.INP
* : ’
JUNC PT=210

" CROS CD=20
BRAN PT=260 DX=0.1786 DY=0.0 D2=-1.7 TE=2
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TANG PT=270 DX=0.3 DZ=-2.853 EW=0
BRAD PT=275 RA=4.578 EW=0
TANG PT=320 DX=1.799 DZ=-3.108

*GROUP 5 RISER TO NOZZLE NODE 316
INCL FN=Z:\SISJ- PROJECTS\VY l6Q\RevO\REG5 INP
*

TANG PT=319 DX=0.71 DZ=-1.23 EW=1
CRED PT=317 ‘DX=0.75 D2Z=-1.3 AN=30
CROS CD=15 - .

TANG PT=313.DX=0.5525 DZ=-0.957 EW=1
BRAD PT=400 RA=1.5 EW=1 :

TANG PT=310 DX=3.483 DZ=-2.011 EW=1
MATL CD=403.316

BRAD -PT=311 RA=1.5 EW=1

MATL CD=376.316

CROS CD=15 _

- TANG PT=312 DY=4.74

TANG PT=314 DY=6.99 EW=1

MATL CD=403.316

BRAD PT=315 RA=1.5. EW=I

*GROUP 6 TO NOZZLE NODE 316

INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG6.INP
*

MATL CD=376.316 ,

TANG PT=818 DX=1.84 Dz=3.19

CROS CD=16 .~ n

TANG PT=817 DX=0.4375 DZ=0.76 EW=1
CROS CD=17 ‘

.TANG PT=816 DX=0,185 DZ=0.32  EW=1
CROS CD=18 .
TANG PT=815 DX=0.265 D2=0.46 EW=1
CROS CD=19 :

TANG PT=316 DX=0.352 Dz=0.61 EW=1
NOZZ PT=316

AMVT  CA=1 PT=316 DX=-0.0101 DY=0.0246 D2z=-0.0174
AMVT ChA=2 PT=316 DX=-0.1800 DY=0.4398 D2Z=-0.3120
AMVT CA=3 PT=316 DX=-0.1783 DY=0.4357 DZ=-0.3091
AMVT CA=4 PT=316 DX=-0.1716 DY=0.4193 DZ=-0.2974
AMVT CA=5 PT=316 DX=-0.1783 DY=0.4357 DZ=-0.3091
" AMVT  CA=6 PT=316" DX=-0.1716 DY=0.4193 DZ=-0.2974
AMVT CA=7 PT=316 DX=-0.1674 DY=0.4091 D2Z=-0.2902
AMVT  CA=8  PT=316 DxX=-0.1716 DY=0.4193 D2Z=-0.2974
AMVT CA=9 PT=316 DX=-0.0815 DY=0.1991 DzZ=-0.1412
AMVT CA=10  PT=316 DX=-0.1609 DY=0.3930 Dz=-0.2788
" AMVT CA=11 PT=316 DX=-0.0815 DY=0.1991 Dz=-0.1412
~ AMVT CA=12  PT=316 DX=-0.1800 DY=0.4398 Dz=-0.3120
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AMVT

" *BEGIN REGION 5 TRANSIENT CARDS & GEOMETRY RISER TO NOZZLE NODE. 346

CA=1
CA=1
CA=1
CA=1
ca=1
CA=1
CA=1
CA=2
CA=2
CA=2
" CA=2
CA=2

3 PT=316"

4 PT=316
5 ° PT=316
6  PT=316
7  PT=316
8  PT=316
9  PT=316
0 PT=316
1 PT=316
2  PT=316
3 PT=316
4 PT=316

'DX=-0.1800
DX=-0.1097
DX=-0.0931
DX=-0.0542
DX=-0.0101
DX=-0.0101
DX=-0.0542
DX=-0.0101
DX=-0.0207
DX=-0.1716
DX=-0.1105

DX=-0.0101

DY=0.4398
DY=0.2678

PY=0.2275
DY=0.1324

DY=0.0246
DY=0.0246
DY=0.1324
DY=0.0246
DY=0.0505
DY=0.4193
DY=0.2700

' DY=0.0246

H e e

*GROUP 5 RISER TO NOZZLE NODE 346

INCL
.-*
JUNC
CROS
BRAN
TANG

FN=Z:\SISJ—PROJECTS\VY—l6Q\ReVO\REG5.INP.

PT=340

CD=15
PT=342
PT=344
CD=403.
PT=345

DY=1.36 TE=2

DY=10.39
316

RA=1.5" EW=

EW=0"

*GROUP 6 TO NOZZLE NODE 346

DZ=-0.

: DZ=-_O .
DZ=-0.
DZ=-0.
DZ=-0.
DZ=-0.
DZ=—_O .
DZ=-C
DZ=-0

" DZ=-0
DZ=-0
DZ=-0

3120
1899
1613
0939
0174
0174
0939
.0174
.0358
.2974
.1915
.0174

INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REG6.INP

* .

MATL CD=376.316 -

TANG PT=848 DX=3.17 DZ=-1.83

CROS CD=16 ' )

TANG PT=847 DX=0.758 DZ=-0.4375 EW=1

CROS CD=17 .

TANG PT=846 DX=0.32 Dz=-0.185 EW=1

CROS CD=18 : '

TANG PT=845 DX=0.46 DzZ=-0.265 EW=1

CROS CD=19

TANG PT=346 DX=0.61 DZ=-0.352 EW=1

NOZZ PT=346 . : :

AMVT ¢ca=1 PT=346 DX=-0.0174 DY=0.0246 DZ=0.0101

AMVT CA=2 PT=346 DX=-0.3120 DY=0.4398 Dz=0.1800

AMVT CA=3 PT=346 DX=-0.3091 DY=0.4357 DZ=0.1783

AMVT CA=4 PT=346 DX=-0.2974 DY=0.4183 DZ=0.1716

AMVT CA=5 PT=346 DX=-0.3091 DY=0.4357 D2=0.1783

AMVT CA=6 PT=346 DX=-0.2974 DY=0.4193 DZ=0.1716

AMVT CA=7 PT=346 DX=-0.2902 DY=0.4091 DZ=0.1674

BMVT cA=8 PT=346 DX=-0.2974 'DY=0.4193 Dz=0.1716

AMVT " CA=9 PT=346 DX=-0.1412 DY=0.1991 D2Z=0.0815

AMVT CA=10 = PT=346 DX=-0.2788 DY=0.3930 DZ=0.1609

AMVT CA=11 PT=346 DX=-0.1412 DY=0.1991 D2Z=0.0815
File No.: VY-16Q-307 Page A30 of AS1
Revision: 0 :

F0306-01R0



[ Structural Integrity Associates, /nc.

AMVT CA=12" PT=346 DX=-0.3120 DY=0.4398 DZ=0:1800
AMVT . CA=13  PT=346 DX=-0.3120 DY=0.4398 DZ=0.1800
AMVT CA=14  PT=346 DX=-0.1899 DY=0.2678 DZ=0.1097
AMVT CA=15 PT=346 DX=-0.1613 DY=0.2275 DZ=0.0931
AMVT CA=16 PT=346 DX=-0.0939 DY=0.1324 Dz=0.0542
AMVT CA=17 PT=346 DX=-0.0174 DY=0.0246 Dz=0.0101
AMVT CA=18 PT=346 DX=-0.0174 DY=0.0246 DZ=0.0101
AMVT CA=19  PT=346 DX=-0.0939 DY=0.1324 DZ=0.0542
AMVT ‘CA=20 PT=346 DX=-0.0174 DY=0.0246 DZ=0.0101
. BMVT- CA=21  PT=346 DX=-0.0358 DY=0.0505 DZ=0.0207
TAMVT CA=22 . PT=346 DX=-0.2974 DY=0.4193 Dz=0.1716
-AMVT CA=23 PT=346 DX=-0.1915 DY=0.2700 D2z=0.1105
AMVT = CA=24 PT=346 DX=~0.0174 DY=0.0246 D2z=0.0101

*BEGIN REGION 5 TRANSIENT CARDS & GEOMETRY RISER TO NOZZLE NODE 326.

*GROUP 5 RISER TO NOZZLE NODE 326
INCL FN=Z:\SISJ-PROJECTS\VY~16Q\RevO\REG5.INP
*
. JUNC PT=320
CROS CD=15
BRAN PT=322 DY=1.42 .TE=2
TANG PT=324 DY=10.33 EW=1
MATL CD=403.316
"PT=325 RA=1.5 EW=1

*GROUP 6 TO NOZZLE NODE 326
INCL FN=2:\SISJ- PROJECTS\VY 16Q\RevO\REG6. INP
*
MATL CD=376.316
TANG PT=828 DX=3.18 Dz=1.84
CROS CD=16
TANG PT=827 DX=0.758 DZ=0.4375 EW=1
CROS CD=17
TANG PT=826 DX=0.32 DZ=0.185% EW=1
CROS CD=18 .
TANG PT=825 DX=0.46 DZ=0.265 EW=1

~ CROS CD=19 . '
TANG PT=326 DX=0.61 DzZ=0.352 EW=1
NOZZ PT=326 _
AMVT CA=1 PT=326 DX=-0.0174 DY=0.0246 Dz=-0.0101
AMVT CA=2 PT=326 DX=-0.3120 DY=0.4398 DZ=-0.1800
BMVT CA=3 PT=326 DX=-0.3091 DY=0.4357 Dz=-0.1783
AMVT = CA=4 PT=326 DX=-0.2974 DY=0.4193 'DzZ=-0.1716
AMVT CA=5 PT=326 DX=-~0.3091 DY=0.4357 DZ——O 1783
AMVT CA=6 PT=326 DX=-0.2974 DY=0.4193 Z=-0.1716
AMVT ca=7 PT=326 DX=-~0.2902 DY=0.4091 DZ——O 1674
AMVT CA=8 PT=326 DX=-0.2974 DY=0.4193 7Z=-0.1716
AMVT CR=9 PT=326 DX=-0.1412 DY¥=0.1991 DZ——0.0815
AMVT CA=10 PT=326 DX=~0.2788 DY=0.3930 D2Z=-0.1609
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" PT=326 DX=-0.1412 . DY=0.1991. DzZ=-0.

AMVT CA=11 0815
AMVT CA=12  PT=326 - DX=-0.3120 DY=0.4398 D2=-0.1800
AMVT CA=13  PT=326 DX=-0.3120 DY=0.4398 Dz=-0.1800
AMVT CA=14  PT=326 DX=-0.1899 DY=0.2678 DZ=-0.1097
AMVT CA=15  PT=326 DX=-0.1613 -DY=0.2275. DZ=-0.0931
AMVT CA=16 PT=326 DX=-0.0939 DY=0.1324 DZ=-0.0542
BMVT CA=17  PT=326 DX=-0.0174 DY=0.0246 DZ=-0.0101
AMVT CA=18  PT=326 DX=-0.0174 DY=0.0246 DZ=-0.0101
BMVT CA=19  PT=326 DX=-0.0939 DY=0.1324" D2Z=-0.0542
BMVT CA=20  PT=326 DX=-0.0174 DY=0.0246 D2=-0.0101
CAMVT CA=21  PT=326 DX=-0.0358 DY=0,0505 Dz=-0.0207
AMVT CA=22  PT=326 DX=-0.2974 DY=0.4193 DZ=-0.1716
BMVT CA=23  PT=326 DX=-0.1915 DY=0.2700 DZ=-0.1105
AMVT CA=24  PT=326 DX=-0.0174 DY=0.0246 D2z=-0.0101

*GROUP 7 TO RHR SUPPLY VALVE NODE 550
INCL FN=%:\SISJ-PROJECTS\VY-16Q\Rev0O\REG7A.INP

*

MATL CD=376.316
JUNC PT=500

CROS CD=25

"BRAN PT=502 DX=1.67 EW=0 .TE=1
TANG PT=506 DX=2.53 EW=0

MATL CD=403.316

BRAD PT=507 RA=1.67 'EW=1

MATL CD=376.316

TANG PT=508 Dz=-4.01

TANG PT=515 DZ=-4.53 EW=1

MATL CD=403.316

‘BRAD PT=520 RA=1.67 EW=1

MATL CD=376.316

CROS CD=26 ‘

VALV PT=525 DX=-3.34 PL=1

JUNC PT=525 .
VALV PT=530 DX=-1.99 PL=2 EW=1
JUNC PT=525

RIGD PT=526 DY=2.5

LUMP PT=526 MA=7.569

JUNC PT=530

CROS CD=25

TANG PT=540 DX=-1.13 EW=1

CROS CD=26 »

VALV PT=545 -DX=-1.97 PL=1

JUNC PT=545

RIGD PT=547 DY¥=2.5

LUMP PT=547 MA=7,355

JUNC PT=545

VALV PT=550 DX=-1.98 PL=2 EW=1
T et e = ————_— et ——— — —
*END 77 GEOMETRY TO RHR SUPPLY VALVE NODE 550

RHR SUPPLY VALVE NODE 550

*BEGIN REGION 7B TRANSIENT CARDS & GEOMETRY FROM RHR SUPPLY VALVE TO PENET. NODE 565
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*GROUP 17 FROM RHR SUPPLY VALVE TO PENET. NODE 565
INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REGT7B:INP
* ) .

CROS CD=25

MATL CD=106 .

TANG PT=555 DX=-3.36 EW=1 .
'BRAD PT=556 RA=1.67 EW=1 '

TANG PT=560 DY=-10.17 EW=1

BRAD PT=561 RA=1.67 ' EW=1
- TANG PT=563 DZ=-6.92

TANG PT=565 DZ=-6.92

*GROUP 8 4 INCH BYPASS

INCL FN=Z:\SISJ-PROJECTS\VY-16Q\RevO\REGS.INP

*

*NOTE CODING FOR 4 INCH BYPASS STARTS HERE

JUNC PT=152 . - ,
"CROS CD=27

MATL CD=376.316

BRAN PT=700 DX=-1.19 TE=4

TANG PT=702 DX=-0.61

TANG PT=703 DX=-1.43 EW=0

MATL CD=403.316

BRAD PT=704 RA=0.5 EW=0 -

MATL CD=376.316

~ TANG PT=705 DZ=5.08

*NOTE CONSTANT SUPPORT HAll AT NODE 705

TANG PT=721 DZ=1.12

TANG PT=706 DZ=2.47

‘TANG PT=707 DZ=1.03 :
TANG PT=708 DZ=0.34 . °
TANG PT=709 DZ=0.38

JUNC PT=707 o

BRAN PT=710 DY=0.34 TE=1

CROS CD=28 : .
VALV PT=712 DY=0.71 MA=0.3669 PL=1 *AL=$VALVE V2-54A$
VALV PT=715 DZ=-3.5 MA=0.1831 PL=3

JUNC PT=712

VALV PT=714 DY=0.71 PL=2

CROS CD=27 » : ‘

TANG PT=723 DY=4.19

MATL CD=403.316

"BRAD PT=716 RA=0.5

‘MATL CD=376.316

TANG PT=718 DX=1.48

TANG PT=720 DX=0.56

BRAN PT=176 DX=1.19 TE=4

%% k% x4k %k k**CODING FOR STRUTS RDAS AND VAB1 FOLLOW
JUNC PT=170 '

CROS CD=40 *0D=4.5 inch

RIGD PT=725-DP=0 DX=-0.583 DY=1.84 *AL=S$RDAS5S

CROS CD=41 *0OD=2.875 inch

RIGD PT=715 DP=0 DX=-2.67 DY=-0.79
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" Structural Iniggfity ASsociates, Inc.

" RIGD PT=721 DP=0 DY=-1.05 *AL=$VAB1S
%k kok k k4 k k% * **CODING - FOR RDAl STRUT FOLLOWS
CROS CD=42 *0D=28.339 inch '
JUNC PT=175 '
RIGD PT=173 DP=0 DY=-3.5 DZ=0.34
CROS CD=41 *0OD=2.875 inch
RIGD PT=708 DP=0 DX=-3.21 *AL=S$RDA1S

*BEGIN REGION 9A TRANSIENT CARDS & GEOMETRY FOR RHR RETURN FROM TEE TO VALVE NODE 660

R o e e e e A — o~ o —— o — e o o — s —
*GROUP 9 RHR RETURN FROM TEE TO VALVE NODE 660

JINCL FN=2:\SISJ-PROJECTS\VY-160Q\RevO\REGYA.INP

*

*NOTE CODING FOR RHR RETURN STARTS HERE

- CROS CD=29 : .o
~ JUNC PT=600

- MATL CD=376.316 _

BRAN PT=602 DX=-3.8123 TE=1

MATL CD=403.316

BRAD PT=610 RA=2 EW=1

. TANP DY=4

" BRAD PT=612 RA=2 EW=1’

MATL CD=376.316

TANG PT=614 DZ=-10.38 EwW=1

MATL CD=403.316

BRAD PT=615 RA=10 EW=1

MATL CD=376.316

TANG PT=620 DX=5.98 DZ=-3.45 EW=1

*NOTE N .

*NOTE VARIABLE SPRING H104 AT NODE 620

*NOTE . : _

*NOT