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1. PURPOSE / BACKGROUND

: The existing Component Cooling Water (CCW) system at SONGS 2 and 3 consists of
two redundant trains (critical loops), and one non-critical loop which can be
aligned to either one of the critical loops. The make-up water to the CCW surge
tank is supplied by the seismically-qualified mobile fire tankers to ensure
adequate water supply for a 7-day period, using the temporary connection, as;

required by NRC Q&R 010.49. This arrangement, however, is very labor intensive'

to operate, and the tankers may require several refills to perform their function
for the desired 7-day time period.

,

I4

i

To eliminate the reliance of the CCW system on the fire tankers for the make-up !

water, the primary make-up water system will be integrated into the CCW system to |
provide the necessary supply of make-up water. The make-up system will be
modified to supply water to the CCW critical loops following loss of normal make-'

up from the nuclear service water system. It will provide the necessary water
inventory to compensate for the maximum allowable leak from both CCW critical |

loops for a period of seven days. {
,

k

The make-up system of each unit includes a Primary Plant Make-Up Storage (PPMS)
tank, T-056 for Unit 2 and T-055 for Unit 3. These tanks were originally
designed to API-620, 5th. Edition, and constructed and tested to API-650, 5th.
Edition; and were classified as Seismic Class II components. Both tanks will be
upgraded to Quality Class II, Seismic Category I to establish ASME Code, Section
III, Class 3 equivalency without ASME stamping. This tank upgrade is necessary
in order to qualify as an integral part of the CCW system, as explained above.
Comparison between the API 650 Code, which was the basis for the original tank
construction and testing, and the ASME Code was made to identify and reconcile
the differences between the requirements of the two codes. These differences
will be resolved, as part of the tank upgrade analysis. !

!

The purpose of this calculation is to document the analyses, and the Code
reconciliation performed to upgrade SONGS 3 PPMS tank to seismic class I, and to
qualify these tanks per ASME Code, Section III, Class 3 to meet the requirements
described above. This calculation includes the analyses and ASME Code .

reconciliation performed to achieve the desired tank upgrade.
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Additional supporting calculations are provided in section 8. The design
calculation performed by Structural Integrity Associates is provided in Appendix
A. Appendix B, provides the development of the tank shell stick model. ANSYS
input files are provided in Appendix C; and in Appendix 0 some reference
documents are compiled. The statistical analysis for the radiographic sampling
results are provided in Appendix E. Appendix F provides the results of the
fracture mechanics evaluation made for a bounding size defect.

ICCN F-565 is issued to incorporate comments made by Quality Assurance (QA).
These comments have minor impact on the results, and do not impact the previous
conclusions.

This analysis is for SONGS Unit-3 only.

SCE 26 426 NEW 4/90
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2. RESULTS/ CONCLUSIONS

1. For the existing tanks to meet the seismic loads and Generic Implementation
Procedure (GIP) it is recommer.ded that each tank be reinforced by 36
vertical stringers and 34 additicnal anchor bolts. Details can be found in
Appendix A and Reference 1 (a copy is attached in Appendix D).

|

2. Anchor bolt chairs are to be replaced by a new ring-type chairs. Details
can be found in Appendix A, and Reference 1 (a copy is attached in Appendix

,

'

D). I

3. The water inside the tank is expected to slosh against the roof. However,
the roof was shown to be capable of withstanding the sloshing loads during
a DBE seismic event.

4. A 1/4" thick reinforcing pad is to be added to the man hole of each tank.
Details are given in Appendix A, and Reference 1 (a copy is attached in
Appendix D).

5. Reinforcing pads are to be added to some nozzles so that local stresses in
the shell do not exceed their allowables. See Section 8 for a list of the
nozzles requiring reinforcilig pads.

6. Some anchor bolts may be moved radially out a distance up to 1 5/16" to
avoid interference witn the rebars in the concrete base without exceeding
any of the allowable stress limits. Similarly, anchor bolt chairs may be
moved up to 4" in the circumferential direction from their nominal position
to avoid interference with tank attachments.

7. The existing tank wall-to-bottom weld is within the allowable of the weld
material .

SCE 26-426 NEW 4/90
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8. The modified tank has been evaluated for buckling per the Generic
Implementation Procedure (GIP) for Seismic Verification of Nuclear Plant
Equipment, Revision 2 (Reference 17, Appendix A). This evaluation shows
that the modified tank meets the GIP requirements.
Furthermore, the tank has been evaluated for buckling at higher elevations,
above the reinforcing stringers, using Code Case N-284 and shown to be
acceptable. It should be noted that this additional evaluation, at higher
elevations, is not required by the GIP. It was performed basically to
ensure that the analysis covers the entire tank shell height.

Also, the tank does not have any large asymmetric openings; therefore,
axisymmetric analysis techniques should be applicable.

9. ASME Code reconciliation is summarized below:

* A detailed ASME Code reconciliation is included in the PPMS tank design
report (Appendix A, Sections 10 and 11). Results can be summarized as
follows:

(a) Tank Shell Design, the minimum tank shell requirements cf ND-
3324.3, which is referred to by ND-3842, are satisfied at all
elevations.

(b) Tank Bottom Design, the requirements of ND-3831 are satisfied by
the tank bottom. The foundation also meets the requirements of ND-
3831, since the PPMS tanks were built to the standards of API-650.

(c) Tank Roof Design, the tank roof satisfies all the requirements of
ND-3856. Furthermore, it is shown in Appendix A that the roof, and
the junction to the cylindrical shell will withstand the water
pressure caused by sloshing.

SCE 26 426 NEW 4/90
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I

(d) Tank Manway, the tank manway, reinforced by a 0.25" thick plate.
|meets the requirements of ND-3332. '

1
1

(e) Code Stress Limits, the stresses in the tank shell meets the
requirements of ND-3821.5 under Design, Operating Basis Earthquake
(0BE), and Design Basis Earthquake (DBE) conditions.

g

'

e A survey of S0'4GS-3 tank, T055, was performed for roundness at elevations
7' above the bottom and 6' below the top. Results of the survey are
attached in Appendix D. Based on these results, it is concluded the tank
meets the out-of-roundness requirements of the ASME Code (maximum out-of-
roundness is 0.2' per the survey results; maximum allowed per Section |ND-4224 is 0.4', as shown in Section 8). I

e The National Board Inspection Code (NBIC) procedure for State approval is
not applicable since atmospheric tanks are exempted by the State of
California (California Code of Regulations, Title 8, Chapter 4, dated
5/1/1992). However, tank design and modification will be performed to the
ASME Ccce, Section III.

* The Certified Material Test Reports (CMTRs), and all other documentation
required to establish ASMC Code equivalency are not part of the scope of
this calculation. This ~.nue is addressed separately.

e The tank will be pressure tested according to ASME Code, Section III,
Subsection ND-6000 requirements after the modifications are implemented.

Details of the tank structural modifications can be found in the attached
Interim Design Change Notice (see Appendix D for a copy of this IDCN)

e The results of the radiographic survey of the weld seams of Unit-3 PPMS
tank revealed unacceptable defect sizes that range from 1/16" long to
4.5". The bulk of the defects is below 1/4" long. A statistical analysis
was performed to attempt to describe the worst defect that can exist in the
welding with 95% reliability and 95% confidence level. Result of the

SCE 25 426 NEW 4M
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statistical analysis, based on sample size of 61 radiographs that represent
a population of defects of flaws 126, showed that the worst defect
described above to be less than 3.5".

e The statistical analysis was followed by fracture mechanics analysis of
maximum defect size 5", that was assumed to exist at the highest stress
location of the tank shell. The defect was analyzed by two methods: (1)
The defect was assumed to be infinitely long, and its depth is equal to
half the thickness of the shell, and (2) a 5" through-wall defect was
assumed. Results of the analysis showed that such a defect is acceptable
with factor of safety 3.

ICCN F-565 results are in agreement with previous results with only mirar
differences, whic.h do not impact the calculation conclusions. As mentioned in
Section 1 of this calculation, ICCN F-565 is issued to incorporate the comments
made by Quality Assurance.

Results of this calculation do not impact Tet%ical Specifications or
Surveillance Procedures. {

l

1

i
i
.

1
1

;

|

1

-
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3. ASSUMPTIONS

1. The nozzles, and the ladder attached to the PPMS tank were not included in
the finite element models. It is assumed that their effect on the anchor
bolt load distribution is negligible, since their weight is very small
compared to the weight of the tank and its contents.

12. For calculating the maximum stress in the PPMS tank shell due to hydrostatic |
pressure, the maximum water height in the tank is conservatively assumed to
be 34 ft, which is the maximum height of the tank (2 ft higher than the
overflow line elevation per S023-407-3-97-0) . Hydrostatic water bead of 34
ft, therefore, exceeds the maximum possible water head in the tank. l

3. Design Basis Earthquake (DBE) = 2 * Operating Basis Earthquake (OBE).

4. The WRC Bulletin 297 is the best practical uethod presently available for
estimating tank nozzle stiffness values. However, it provides data on a
narrow range of parameters and therefore some interpolation and estimation
are performed to obtain approximate stiffness values. The magnitude of nozzle
stiffness obtained ere adequate to provide a realistic translational and
rotational rr.straint conditions at the tank connections.

(Note : The ASME code flexibility factor equations are not sufficient to
calculate nozzle fle(ibilities in tanks with D/T ratio > 100, and do not have
flexibility guidance on thrust loadings).

Based on the data available, only the translational load (radial), in-plane
moment load and out-plane moment load cause significant tank shell
deformations.

5. Stresses due to dead weight of the tank shell are not included in the local
stress check at the nozzle locations. Per Appendix A, the combined weight of
the tank roof and the cylindrical shell is 53,077 lb. The corresponding
compressive stress at the base of the cylindrical shell is only 113 psi,
which is considerably smaller than the other stress components.

,

|

|

|

SCE 26-426 NEW 4/90 j



NES&L DEPARTMENT

CALCULATION SHEET gr,:M/N;.= , AC , , , ,, z 7,7

CCN CCNVER$10N
Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN -

I!subject See Title Sheet sheet No.

] REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

ff, 10/12/93NABIL M. EL-AXILY 10/12/93 JUN GAOR

4. DESIGN INPUT

i 4.1 Tank Description and Geometry

The Primary Plant Make-Up Storage Tank (PPMS) is a 40 ft inside diameter x 34 ft!

high atmospheric tank with capacity of 300,000 gallons (Reference 25). The tank
is made up of stainless steel, SA 240-304, plates; and is anchored to the,

foundation by 36 equally-spaced anchor bolts. The anchor bolt chair material is'
A-36 (Reference 24). A more detailed description of the tank and the anchor bolt
assemblies can be found in Appendix A of this calculation.

Figure 4.1 shows the main dimensions of the PPMS tank. It shows the tank
diameter, height, and plate wall thickness of the bottom, wall, and roof

; (Reference 25).

1

|

|
'

1

;

i

;
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Figure 4.1 Main'0imensions of the PPMS tank
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4.2 Material Properties

Tank Shell Material: Stainless Steel, SA 240-304 (Reference 25)

The following material properties of SA 240-304, at 120* FW , were used in the
analysis (Reference 2):

8Young's modulus (E) = 28.0 x 10 psi,

Poisson's ratio (v) = 0.3

Allowable stress intensity (5,) = 20,000 psi

The anchor bolt chair material: A-36' (Reference 24)

The following material properties of A-36, at 110*F used for external members in
the design report, Appendix A, were used in the analysis:

Yield stress (f ) = 35.68 ksi (Reference 2)y

Allowable stress (S) = 12.6 ksi

The allowable stress above is at 120*F (see Note (1) below).

l
,

i

Note (1): The actual design temperature, per FCN F-7519M for P&ID number 40133, |
is 104 F. Therefore, the use of 120*F as reference temperature for
material properties is conservative.

SCE 26-426 NEW 4/90
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4.3 Anchor Bolt Assemblies

Figure 4.2 shows the main dimensions of a typical anchor bolt assembly. Two
different bolt sizes exist in the tank after modification:

1. 1.5" bolts (36 existing anchor bolts),

2. 2" bolts (34 new anchor bolts).

Also, a ring will be welded to the outside edge of the bottom plate as shown in |

Figure 4.2. Holes for anchor bolts will be drilled in the ring (15/8" for the
existing bolts, and 2 1/8" for the new bolts).

4.4 Reinforcino Bars

Per Reference 4, the concrete base is reinforced by #18' size reinforcing bars
(rebars). These rebars are 2.257" in diameter; and are separated by 16" center-
to-center distance.

4.5 Not used.

SCE 26-426 NEW 4/90
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Figure 4.2 Modified Anchor Bolt Assembly
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4.6 Nozzle and Pipino Data

The nozzle loads evaluated are given in data sheets, attached in Appendix 0,
which were extracted from various calculations as noted in the nozzle load data
sheets.

Per References 23 and 24, the following piping is attached to the PPMS tank:

4" Sch. 40S SA-312 TP304 0 elev. 31'-0"

3" Sch. 40S SA-312 TP304 0 elev. 10'-7"

2-1/2" Sch. 40S SA-312 TP304 0 elev. 31'-0"

2" Sch. 80S SA-312 TP304 0 elev. 31'-0" (two places)

1" Sch. 80S SA-312 TP304 0 elev. 16'-0"

4.7 Out-of-Roundness Measurements

Field tests were conducted on both PPMS tank, T-055 and T-056, to measure the
diameter at different angles. These measurements were taken at two elevations i
for each tank. Results of the survey are documented in Reference 26, and a copy
is attached in Appendix 0 of this calculation.

1

l

i

l
|

~~

l
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!
5. METHODOLOGY

!
The tank design report was prepared by Structural Integrity Associates, Inc.

!This report is included, in its entirety, in Appendix A of this calculation. The i
methodology of the analysis is based on " Generic Implementation Procedure (GIP) l

for Seismic Verification of Nuclear Plant Equipment," Reference 5; and ASME
|Boiler and Pressure Vessel Code, Reference 2. Details of the tank design

methodology can be found in Section 5 of Appendix A.

I

The methodology of developing the tank stick model is included in Appendix B of
this calculation. This stick model was used in the analysis of the piping
attached to the PPMS tanks.

1

i

In addition to the above analyses, this calculation comprises the following isupporting analyses:
1

1. Angular shear stress distribution in the anchor bolts,
2. Bolt location adjustment due to the rebars,
3. Calculation of translational and rotational nozzle stiffness, ,

!

4. Local stress check,
5. Out-of-roundness check,
6. Statistical analysis of tank examination data. The methodology of this

analysis can be found in Appendix E, and
7. Fracture mechanics evalaution. The methodology of this evaluation can be

found in Appendix E.
|

The methodologies used in these analyses are summarized in the following~

subsections (Subsections 5.1 through 5.5).

1

i

|
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5.1 Anaular Distribution of Shear Load in the Anchor Bolts

A tank model.was generated using the finite element program ANSYS. The model is
made up of ANSYS element type STIF63, which is an elastic quadrilateral shell
element (Reference 3). This element type has six degrees of freedom at each
corner node: translations in the x, y and z directions, and rotations about the
x, y and z axes. The element has stress stiffening and large deflection
capabilities. It is also capable of modeling plates on elastic foundations.
This feature was utilized to model the bottom plates.

Figure 5.1 shows a compute- ,.ot of the finite element model used in the
analysis. The model dimensions and material properties are based on the tank
data summarized in Section 4. Figure 5.1 also shows the locations of the
anchor bolts.

Two model, with different loading conditions, were used:

1. In the first model, the horizontal seismic load is represented by a ;
6concentrated horizontal force, of 10 lb, applied near the top of the i

shell in the x-direction, as shown by Figure 5.2a. l

2. In the second model, the horizontal seismic load is represented by a
distributed horizontal load, as shown by Figure 5.2b. A force of 1000 lb,

acting in the x-direction, was applied at each node of the tank shell
above the bottom.

In both models, all displacement components were constrained at the anchor bolt |

locations.

Results of the analysis were obtained in the form of horizontal (shear) reaction
forces, and vertical (pull) reaction forces at all anchor bolt locations. These j
forces were normalized and plotted versus the angle (0) measured from the '

positive x-directions, as shown by Figure 5.1.

|
|
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Figure 5.1 Computer Plot of the Tank Finite Element Model
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Figure 5.2'] Distributed Force Acting on the Shell of the Tank
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5.2 Effect of Relocation of Some Anchor Bolts

The nominal bolt circle diameter for the new bolts is 40'-8" per Appendix A of
this calculation, which corresponds to eccentricity (e) of 3.6875". However, to
avoid interference with the rebars, some of the new anchor bolts may have to be
moved radially outward. The effect of increasing the eccentricity of the anchor
bolts is evaluated in this subsection. This evaluation is based on the !methodology of the design report (Appendix A of this calculation). This
methodology consists of several analysis steps, and only those steps impacted by
the increased eccentricity are re-analyzed in this appendix, namely:

1. Tank Shell Stress

Step 9, Section 9 of Appendix A is impacted. The allowable tensile bolt
stress to compute the overturning moment (F,) is calculated based on the
re-calculated tank shell stress. The new tank shell stress is obtained
using the equations given in Appendix A with:

a) Modified eccentricity representing the relocated bolts,

b) Modified chair height to account for the differences in geometry
from the geometry used in Appendix A.

2. Vertical Stiffener Plate

Step 10, Section 9 of Appendix A is impacted. The adequacy of the
stiffener plates is evaluated using plate size (k) from the modified
anchor bolt assembly.

3. Chair-to-Tank Weld

Step 11, Section 9 of Appendix A is impacted. Modified weld stress (W,
lb/in) is calculated based on the eccentricity of the relocated anchor
bolts, and compared with the allowable specified by Reference 2.

4. Bucklina Bendina Moment Capacity

Step 17, Section 9 of Appendix A is impacted. A modified value of the
bending moment capacity (M ,,) is calculated based on the re-calculatedc
value of F,.
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Mathematical formulas used in the above steps can be found in the tank design !

report (Appendix A of this calculation), or Reference 2. I
1

|Finally, methodology of Reference 7 (and Reference 8) was used to evaluate the ,

added bottom ring. This ring, which is not included in the design report, is !
added for better constructibility of the modified anchor bolt chairs. The
methodology of these two references can be summarized as follows:

1. Tearout Failure
,

A tearout stress check is performed to calculate the shear stress on the
area shown in Figure 5.3a. The allowable shear stress is conservatively
taken equal to 13 ksi per Reference 2 (Subsection ND-3852.6).

2. Pure Tension Ruoture

This failure mode is illustrated in Figure 5.3b. The tensile stress in |
the plate should not exceed the allowable stress (S=12.6 ksi per Reference

,

2). The use of this allowable is conservative since it is being used to |

evaluate Level D loading.

3. Failure by Crushina

This failure mode is illustrated in Figure 5.3c. The stress acting on
the projected area should not exceed the yield stress (f,).
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5.3 Nozzle Stiffness Evaluation

The nozzle stiffness values are approximated using the methodology and formulas
in WRC Bulletin 297 (Reference 14).

Due to the narrow range of parameters given in the bulletin, interpolations and
estimations will be used as appropriate. The magnitude of nozzle stiffness
obtained by this process give a realistic translational and rotational end
reactions at the nozzle-shell connections and therefore reasonable piping design
analysis.
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5.4 Local Stress Check

The local stresses were calculated using computer program ME101LS (Reference 12).
The maximum local stress intensities calculated are combined with the pressure
and seismic stresses of the tank. The combined stresses are then compared
against the ASME code allowables (Reference 2). It should be noted that the ;
stresses due to the dead weight of the tank shell have been ignored in the local l

stress calculation sir.ce they are much smaller than the other stress components, !as shown in Section 3.;

DBE primary moment loads at the tank shell are used to evaluate primary stresses
under Design conditions and will give conservative results.

!

I*

,
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5.5 Out-of-Roundness Reauirements

Per reference 2, Subsection ND-4224, the tank must meet the out of roundness
requirement outlined in that subsection. This can be summarized as follows:

1. Step 1

Calculate D ,,/100, where D,,, is the average diameter of the tank in
inches.

2. Step 2

Based on field measurements, calculate the maximum diametral out-of-
roundness for each tank.

The PPMS tanks meet the Code requirements if the maximum measured out-of-
roundness is less than the amount calculated in step 1.

Note:

It should be noted that all calculations were carried out by hand or by verified
computer programs; and the calculation capability of the word processing program
was never used.
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7. NOMENCLATURE -

zA = Area, in

C1 = Maximum length of nozzle in circumferential direction, inch

C2 = Maximum length of nozzle in longitudinal direction, inch

d = Outside diameter of nozzle, in.

D = Inside diameter, inch.i

D, = Outside diameter, inch.

DBE Design Basis Earthquake

Bolt eccentricity, ine =

E = Modulus of elasticity, psi.

F Force, lb=

F = Allowable bolt stress, psi3

F, = Allowable bolt stress after applying a reduction factor, psi

f, = Yield stress, psi

h Height, in=

j Distance between stiffener plates, in=

|

k Stiffener plate width, in=

Height of tank, in. !L =

Overturning moment, in-lb |M =

MA = Resultant moment at the tank shell due to primary loads, ft-lbs

MB = Resultant moment at the tank shell due to primary + secondary loads, ft-lbs |

MCAP = Overturning moment capacity, in-lb |

|
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MC = Circumferential, moment, in-lbs |

ML = Longitudinal moment, in-lbs

NT = Torsional moment, in-lbs

OBE Operating Base Earthquake

P Radial load, lbs=

Radius, inchR =

|S = Allowable stress, psi '

SHA Shape of nozzle (CIR = circular)

Thickness, incht =

VC = Circumferential load, lbs

VD Mean diameter of tank, inch=

VL = Longitudinal load, lbs .

VT Tank wall thickness, inch=
;

^

Radial deflection due to P, inchw =

Poisson's ratiov =

'

o = Stress, psi

0 = Angle, degrees
'

0 Rotation at centerline of nozzle, radians=

x = Shear stress, psi

See also the nomenclature section in Appendix A.
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8. CALCULATIONS

The following analyses are covered in this section:

1. Angular shear stress distribution in the anchor bolts,
2. Bolt location adjustment due to the rebars,
3. Calculation of translational and rotational nozzle stiffness,
4. Local stress check, and
5. Out-of-roundness check.
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8.1 Anaular Distribution of Shear Load in the Anchor Bolts

Analysis was performed using the general purpose finite element analysis program
ANSYS. Description of the model is given in Section 5 of this appendix; and a
computer plot of the model is shown by Figure 5.1. Figures 5.2a and 5.2b show
the two analyzed cases with concentrated and distributed external loading.

Results of the analysis confirm the validity of the sinusoidal shear force
distribution in the angular direction used in the tank design report (Appendix
A). Results were obtained for the two models described in Section 5:

1. Model with concentrated horizontal shear force,

2. Model with distributed horizontal force.

Figures 8.1 and 8.2 show the normalized shear force in the anchor bolts for both
models plotted versus the angle (0) measured from the positive x-direction, as
shown in Figure 5.1. These two figures also show a true sinusoidal distribution
plotted for comparison purposes. Both figures show that the actual distribution
matches the true sinusoidal distribution. Figures 8.3 and 8.4 show the
corresponding plots for the axial (pull) force distribution plotted along with a
true sinusoidal distribution. These figures show that the ac.tual distribution
and the true sinusoidal distribution are identical.

Therefore, the sinusoidal load distribution of bolt loads is supported by the
analysis results.
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8.2 Effect of Relocation of Some Anchor Bolts

As explained in Section 5, the bolt eccentricity (e), for the new anchor bolts,
maj be increased to 5" to avoid interference with the reinforcing bars in the
tank base. To assess the effect of the increased eccentricity, some steps of the
design report (Appendix A) are repeated using the modified value of e (=5") to
ensure that stress limits are not exceeded. Simil ely, some anchor bolt chairs
may have to be moved, in the circumferential dire:t::n, from their nominal
position to avoid interference with tank attachments.

8.2.1 Tank Shell Stress

Using the formula given in Appendix A of this calculation, Section 9, Step 9, the
tank shell stress (a) was re-calculated based on Reference 5 using the follod r,g
input:

a) Eccentricity (e) = 5", and

b) Adjusted chair height (h) = 12" instead of the 12.75" used in Appendix A.
This adjustment reflects the modified geometry of the anchor bolt chair
shown in Figure 8.6.

All other input is per Appendix A.

It follows that

o = 74,062 psi

o > f,

F =Fe (f /o)7 y

= 33,941 (29,000/74062)

= 13,290 psi

Figure 8.5 shows the geometry used ici the design report (Appendix A); and the
definition of the height (h), and the eccentricity (e).

_
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Figure 8.5 Anchor Bolt Chair Geomnry Used in
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8.2.2 Vertical Stiffener Plate

The vertical stiffener plates were checked in Appendix A of this calculation,
Section 9, Step 10. This check is repeated using the modified plate width (k)
of 7.5" .

k/j = 7.5/0.75

95/(I f /1000 ) = 15.9= 10 < y

Also,

P,/(2kj) = 76,368/(2*7.5*0.75)

= 6,788 < 21.000 psi
::

}
Thus, the vertical stiffener plates meet Reference 5 requirements. (

|
8.2.3 Chair-to-Tank Weld i

Per Appendix A, Section 9, Step 11, the chair-to-Tank weld is checked as follows
(using e=5"):

W, = P, [1/(a+2h)]2 + [e/(ah+0.667h )]2 |
2

where,
,

!

a (circumferential distance between bolts) = 20.94"

h (chair height) = 12" (modified)

e (eccentricity) = 5"
1

It follows that: !

W, = 2,024 lb/in < 30,600 t,,/f 5,409 lb/in=

Thus, the chair-to-tank weld meets Reference 5 requirements.

,

I
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4

|

; 8.2.4 Bucklina Bendino Moment Capacity

Per Appendix A of this calculation, Section 9, Step 17, the parameter M'c ,is
calculated as follows: 1

i (o /F,)(b /h,) = (10,938/13,290)(12/40.75) ic c
!

= 0.23'

c' = 0.1 (per Appendix A)

where values above are per Appendix A, except for F, and h . From Reference 5,
e

Figure 7-12, M' CAP is giVen by:

M' CAP = 0.2

It follows that,

2
M ,p = M 'c,,(2F,) (R t,,) (h,/h ) ae e

where, I

I
F, = 13,290 psi , (per Section 8.2.1) l

M ' e,p = 0.2
a

h 12"=
c

All other quantities are per Appendix A, Section 9, Step 17. ]

Therefore,

M ,p = 4.95 x 10 in-lb > M (M=3.82x10 in-lb) [0. K.] |8 8
e

'1
i

!

SCE 26426 NEW 4/90 1
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8.2.5 Bottom Plate Shear Evaluation

As part of the anchor chair modification, a circular ring is welded to the
outside of the bottom plate, as shown by Figure 8.6. Through-hcles, for the
anchor bolts, will be drilled in this ring. Per Appendix A of this calculation,
part of the shear load is taken by the anchor bolts; and it is assumed that the
shear load is sinusoidally distributed around the circumference with a maximum
value of 28,620 lb. Stress analysis of the ring, shown below, is based on

; calculating average stresses on different sections; and comparing these average
stresses with material allowables. This methodology is detailed in References 7
and 8.

An edge distance of 2.5", shown by Figure 8.6, is in accordance with Reference 9
for plates with rolled edges (1.25 x bolt diameter). The thickness of the ringi is calculated as follows:

- Assuming a tearout failure mode at the existing anchor bolts, as shown in
Figure 5.3a. The average shear stress is given by:

t = F/A,
where,

F = 28,620 lb,

A = 2 x (2.75-2.125/2) x t (see Figure 5.3a, b and c)
= 3.375 t

For x = 13,000 psi (per Reference 2, Subsection ND-3852.6),
it follows that:

t = 0.65"

let t = 3/4"

- Assuming a tensile mode failure, illustrated in Figure 5.3b, the area (A)
subjected to tension is given by:

A = 7.75 x 3/4 - 2.125 x 3/4

= 4.21875 in'

SCE 2G426 NEW 4/90
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Therefore, the average tensile stress is given by

a = 28,620/4.21875

= 6,784 psi < S (per Section 4, S=12.6 ksi)

Assuming a crushing type failure, illustrated in Figure 5.3c, the minimum-

bearing area (a) corresponding to the smaller size existing bolts is given
by:

.

A = 1.5 (3/4)
2= 1.125 in

Therefore, the average stress is given by

a = 28,620/1.125

= 25440 psi < f, (f, = 36,000 psi) [0. K .]
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8.2.6 Wall-to-Bottom Weld
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Figure 8.7 Tank Wall-to Bottom Weld (Reference 24)

|

As shown in Figure 8.7, the tank shell is welded to the bottom by a double 1/4"filet weld. The weld was checked for bothe shear loid and moment load asfollcws:

(a) Shear load

The total weld throat area is, therefore, given by

Total throat area = 2 x 480 x x (0.25)/(2) 5
= 533 in'

Average base shear load = 2,048,175 (see Appendix A, Section 9, Step 5)
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It follows that,

Average shear stress in the weld (t.,,) = 2,048,175/533
= 3,842 psi

A factor of 1.5 to the average shear stress to account for the non-uniform shear
stress distribution,

Maximum shear stress (t.,,) = 1.5 x 3,842

5,763 13,600 psi [0. K .]<=

Where the allowable of 13,600 is per Reference 2, Subsection ND-3852.6.

Similarly, the maximum shear stress in the base metal is given by,
5,763 x 0.707'= 4,075 13,000 psi [0. K .]<

(b) Moment Loao

Per Appendix A, Section 8, Step 6, the overturning moment load (M) at the base of
the tank shell is given by:

8M = 3.82 x 10 in-lb

The section modulus (S) of the weld is given by,

S = 2n (0.707 x 0.25)(480)2/4

6.4 x 10' in 3=

It follows that,

Normal stress (o) = M/S = 5,972 psi

The normal stress (a) and the maximum shear stress (t ,) are combined to obtain
the maximum normal stress (o ,) as follows:

Maximum normal stress (o ,) = o/2 + \ (o/2): ,2

= 9,477 psi < allowable (=13,000 psi) [0.K.]

Where the shear allowable was conservatively used.

SCE 26 426 NEW 4/90



- - . . . .- .

NES&L DEPARTMENT

CALCULATION SHEET ::n&* ,Aou e,z n
CCN CONV[RSIONProject or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN NO. CCN -

subject See Title Sheet Sheet No, h

REV ORIGINATOR DATE 1RE DATE REV ORIGINATOR DATE IRE DATE

NA81L M. EL AKILY 10/12/93 JUN GAOR [[, , 10/12/93

8.2.7 Deviation from Nominal Position in the Cicumferential Direction

The design report (Appendix A) assumes that the tank is anchored to the
foundation by equally-spaced anchor bolts. Few anchor bolts may have to be
moved, up to 4" in the circumferential direction, to avoid interference with the
tank attachments. This small adjustment in the anchor bolt location is
considered acceptable based on:

1.
7 N

"*:f{.w aiev~
F . a- i.. d bo 11- l..,d
f Q / dMr;hAcm,

a i

i I

lW% /e < /. 6,w
& - b.~ n, : .I

j | 1 p < b'm'

g.

/ i!, I' >In

I l j |I |

Figure 8.8 Bolt Load Distribution

Figure 8.8 shows the bolt load distribution, based on the results of the
finite element analysis, Section 8.1. It can be seen that the change in
bolt load is gradual since a large number of closely-spaced anchor bolts
are used. Therefore, a slight deviation from the nominal location in the
circumferential direction should not result in any appreciable change in
bolt load, including the maximum bolt load.

i 2. Per Appendix A Section 9, Steps 7 and 9, a large margin exists between'

the bolt tensile c.apacity (33,943 psi) and the reduced bolt capacity
actually used for design purposes (19,509 psi).

t

| It is, therefore, concluded that slight deviations, in the circumferential
direction, from nominal bolt locations have no impact.

.
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8.3 Tank Nozzle Stiffness Calculations

The equations and figures used in the stiffness calculations are based on WRC 297
(Reference 14).

Tank Data (Bottom of Tank Elevation is 9'-0"):

Inside diameter = 480"

shell thickness, t = 5/16" (el. 9.0' to 16.97')
1/4" (el .16.97 ' to 22.94 ')=

3/16" (el. 22.94' to el. 43')=

Height of cylindrical shell = 14'

1. 4" Nozzle - Suction Line Elev. 31'-0".

d = 4.5", t = 0.237", Mean tank diameter, D = 480.1875"

L1 = (31'-0") - (9'-0") = 22*12 = 264"

L2 = 34*12 - 264 = 144"

L = 8L1L2/( L11/2 + L2 )z1/2

8*264*144/(264 /2 + 144 )z=381"1/2=

A = L/(DT)i/2 = 381/(480.1875*0.1875)1'2 = 40.15

1 = (d/0)(D/T)1/2 (4.5/480.1875)(480.1875/0.1875)'2=

0.47=

T/t = 0.1875/0.237 = 0.79

e = 1.2 (Fig. 59)
3M /ET 0 = 0.9 (Fig. 60)

t

M /ET'O = 0.49 (Fig. 60)c

SCE 2f426 NEW 4/90
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P/w = a(4.95 ET /(DAi/2)
2

2
1. 2 (4. 95*28. 3 E6* 0.1875 ) / (480.1875*40.151/2)

=

Nozzle Stiffness due to Radial Loads :

P/w = 1942 lbs/in.

Nozzle Stiffness due to Loncitudinal (In-olane) Moment loads :
3M /0 = E(3.14*d *t/8)/(d*k)t

k = (1/0.9)(3.14/8)(d/t)2(t/T)3
= (1/0.9)(3.14/8)(4.5/0.237)2(0.237/0.1875)3
= 317

3

M /0 = 28.3E6*(3.14*4.5 *0.237/8)/(4.5*317)t

M /0 = 1.68E5 in-lbs/ radt

Nozzle Stiffness due to Circumferential (Out-clane) Moment Loads :

M /0 = 1.68E6*0.49/0.9c

M /0 = 9.15E4 in-lbs/ radc

-
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2. 2-1/2" Nozzle - Line 011 0 el. 31'-0".

d = 2.875", t = 0.203", D = 480.1875"

L = 381" (same as for 4" nozzle above)

A = 40.15

1 = (2.875/480.1875)(480.1875/0.1875)t/2
0.30=

T/t = 0.1875/0.203 = 0.92

a = 1.1 (Fig. 59)
3M /ET 0 = 0.68t

3M /ET 0 = 0.42 (Fig. 60)c

2

P/w = 1.1(4.95*28.3E6*0.1875 )/(480.1875*40.151/2)

P/w = 1780 lbs/in.
I

3
M /0 = (28.3E6*3.14*2.875 *t/8)/(2.875*k) |

t

1

k = (1/0.68)(3.14/8)(2.875/0.203)2(0.203/0.1875)3 {147=

M /0 = 1.27E5 in-lbs/ rad '
t

M /0 = 1.27E5*0.42/0.68c

H /0 = 7.84E4 in-lbs/ rade

i

1
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3. (a) 2" Nozzle - Line 023 0 el. 31'-0".

d = 2.375", t = 0.218", D = 480.1875"

1. = 381"

A = 40.15

1 = (2.375/480.1875)(480.1875/0.1875)1/2
= 0.25

T/t = 0.1875/0.218 = 0.86

e = 1.05 (Fig. 59)
3M /ET 0 = 0.6 (Fig. 60)

t

M /ET'O = 0.39 (Fig. 60)c

P/w = 1.05(4.95*28.3E6*0.1875 )/(480.1875*40.151/2)

P/w = 1700 lbs/in.
3M /0 = (28.3E6*3.14*2.375 *0.218/8)/(2.375*k)t

k = (1/0.6)(3.14/8)(2.375/0.218)2(0.218/0.1875)3
122=

M /0 = 1.12E5 in-lbs/ radt

M /0 = 1.12E5*0.39/0.6c

M /0 = 7.28E4 in-lbs/ radc
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4. 1" Nozzle - Miniflow 0 el .16'-0" .

d = 1.315", t = 0.179", D = 480.3125"

L1 = 7*12 = 84"
L2 = 34*12 - 84 = 324"

L = 8*84*324/( 84 '' + 324 /2 )2 = 295"1

A = 295/(480.3125*0.3125)i/2 = 24

1 = (1.315/480.3125)(480.3125/0.3125)t/2 = 0.107

T/t = 0.3125/0.179 = 1.75

e = 1.0 (Fig. 59)

M /ET'O = 0.4 (Fig. 60)t

3M /Et 0 = 0.3 (Fig. 60)c

2 2P/w = 1.0(4.95*28.3E6*0.3125 )/480.3125*24 '')

P/w = 5814 lbs/in
3

M /0 = (28.3E6*3.14*1.315 *0.179/8)/(1.315*k)t

k = (1/0.4)(3.14/8)(1.315/0.179)2(0.179/0.3125)3
9.95=

M /0 = 3.45E5 in-lbs/ radt

M /0 = 3.45E5*0.3/0.4c

M /0 = 2.59E5 in-lbs/ radc
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5. 3" Nozzle - Suction Line 0 el. 10-7". |

d = 3.5", t = 0.216", D = 480.3125"

L1 = 19" .

L2 = 389" |

L = 8*19*389/( 191/2 + 3891/2)2 = 102"

A = 102/(480.3125*0.3125)i/2 = 8.323

1 = (3.5/480.3125)(480.3125/0.3125)1/2 0.286=-

T/t = 0.3125/0.216 = 1.45

e = 1.17 (Fig. 59 use A = 10)
3M /ET 0 = 0.6 (Fig. 60)

t

| M /ET 0 = 0.4 (Fig. 60)3

.

C

P/w = 1.17(4.95*28.3E6*0.3125 )/(480.3125*8.321/2)

j P/w = 11553 lbs/in
3M /0 = (28.3E6*3.14*3.5 *0.216/8)/(3.5*k)t

k = (1/0.6)(3.14/8)(3.5/0.216)2(0.216/0.3125)'
56.72=

M /0 = 5.18E5 in-lbs/ radt

M /0 = 5.18E5*0.4/0.6c

M /0 = 3.45ES in-lbs/ radc

SCE 26426 NEW 4/90
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CCN CCNVER$1CNProject or DCP/MMP SONGS 3 Calc No. M-OSC-269 CCN NO. CCN -

subject See Title Sheet 3Sheet No.

REV ORIGINATOR DATE IRE CATE REV ORIGINATOR DATE !RE DATE

k,NABIL M. EL AKILY 10/12/93 JUN GAORi 10/12/93

Summary of Tank Nozzle Stiffness Values

:

Nozzle Radial Longitudinal Circumferen-Size, Sch. Elev. Loads, Moment, tial Moment,
NPS Lbs/in in-lbs/ rad in-lbs/ rad

4" 40S 31'-0" 1942 1.68E5 9.15E4

2-1/2" 40S 31'-0" 1780 1.27E5 7.84E4

2" 80S 31'-0" 1700 1.12E5 7.28E4

1" 80S 16'-0" 5814 3.45E5 2.59E5

3" 40S 10'-7" 11553 5.18E5 3.45E5

SCE 2E426 NEW 4/90
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CCN CCNVER$!ON f

Project or DCP/ HHP SONGS 3 Calc No. M-OSC-269 CcN h0. CCN - (

Subj ect See Title Sheet Sheet No. 6

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

Q, 10/12/93NABIL M. EL-AKILY 10/12/93 JUN CAOR

8.4 Local Stress Check I

The hydrostatic pressure at the base (elevation 9'-0") and at elevation 31'-0"
(22' from the base of the tank are) :

Po = (34') * (62.4 lbs/cu.ft)/144 = 14.73 psi use 15 psi.

P = (34'-22') * (62.4)/144 = 5 psi.22
3

The maximum moment load due to DBE seismic at the base of the tank is taken from
Appendix A (design report),

382,172,097 in-lb = 31,847,675 ft-lbs.M =
3

'

The maximum moment load due to DBE at elevation 31' (22' above the tank base) is
obtained by linear interpolation as follows :

The seismic load is zero at the top of the tank (34' high) and maximum (M ) at3
the base of the tank. Therefore, by ratic, at elevation 31', the moment load is,

M . = 382,172,097 * (34-22)/34
s

= 134,884,270 in-lb = 11,240,356 ft=1bs.

For Nozzles A, B, and J, Po = 15 psi and M 31,847,675 ft-lbs.=
3

For Nozzles F, G and H, P = 5 psi and M , = 11,240,356 ft-lbs.22 3

The pressure and moment loads are included in the local stress snalys'is using
ME101LS program.

Reinforcing pads 3/8" thick at nozzle F and reinforcing pads 1/2" thick at
nozzles G and H are required to meet stress limits. To account for the
reinforcing pad in the local stress analysis, an effective local shell wall
thickness equal to the square root of the sum (SRSS) of the shell thickness and
pad thickness is used. This effective local wall thickness is conservative when
compared to the effective wall thickness (shell thickness + pad thickness)
recommended in Reference 15 for local stress analysis.

To facilitate construction, one size (1/2" thick) reinforcing pads will be
specified for nozzles F, G, and H.

T4E 26-426 IJEW 4/90

t



_ _ - - -- --

NES&L DEPARTMENT

CALCULATION SHEET = M;*' ,Aa r.ro, m.

CCN CONVERSION /Project or DCP/MMP SONGS 3 calc No. M-OSC-269 CCN No. ccN - [ |

bsubject See Title Sheet sheet No.

REV ORIGINATOR DATE !RE DATE REV CRIGINATOR DATE !RE DATE

NABIL M. EL*AKILY 10/12/93 JUN GAOR Q , 10/12/93 I

The local stress allowables, shown below, are based on the stress intensity 1

concept equivalent to the allowables for Class 1 components (ASME Code Subsection
NB-3200). These allowables can be summarized as follows:

Primary membrane plus bending stress = 1.5 Sm I

Primary plus secondary stress = 3.0 Sm

Where, Sm = allowable design stress intensity (=20 ksi, as shown in Section 4.2).

No detailed analysis was performed for the following nozzles:

1. Nozzle K
This is a 3" drain line connected at the bottom of the tank. The local stresses
are judged acceptable for the following reasons:

(a) this nozzle is reinforced; and it is located far from the highly
stressed area of the bottom, which occurs in the vicinity of the anchor
bolt chairs and the shell to bottom weld.

(b) the calculated piping stress at the nozzle connection is small (about
3,600 psi for combined weight and OBE per piping stress calculation
number S-1415-56, Revision 0).

(c) Since the primary stress allowable is 30,000 psi, the nozzle is judged
acceptable. No further analysis is required.

2. Nozzle L
These are two 2" instrument taps at elev. 9-6" and 42'-0". A 2" X 3/4" swage
reducer and a 3/4" gate valves is welded to each nozzle and tubing attached for
instrumentation. Nozzle loads are judged acceptable by inspection and comparison
to the loads and stress results calculated for Nozzle B which is a 1"
unreinforced nozzle and therefore more restrictive than the 2" nozzle.

3. The support connections at the tank are reinforced by 1/2" X 8" X 8" pad. The
maximum local stresses at the tank due to the support loads are judged acceptable
by comparison to the loadings obtained for the 4" nozzle H (see References 16
through 22 for nozzle and support loads).

Results of the local stress analyses using ME101LS are shown in the following
pages.

SCE 26 426 NEW 4/9o



NES&L DEPARTMENT
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CCN CONVER$10N |Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN NO. CCN - '

Subject See Title Sheet Sheet No. 5

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE !RE DATE

NAB!L M. EL.AXILY 10/12/93 JUNGAOR(.[,,, 10/12/93
|

1. Tank 055/56 - Nozzle A
ME101LS version M10 start on 02/25/93 at 07:25:56

BIJLAARD STRESS MALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 02/25/93 PG2556 PAGE 1

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE A

! N P U T C A T A
.................................

........1........2........3........4........5........6........7........8

1 LOCAL STRESS ANALYS!$ FOR CCW TANK T.055/T-056, NCZZLE A
2 LOC
3 VD=480.3125.VT=0.3125,C1=3.5,C2=3.5,SHA=CIR,
4 P=927,VL=126,VC=361,Mi.=4726 MC=3972,MT=1884,
5 CAS=$0,
6 MA=31847675,
7 PD=15
8 SM*20,
9 LOC

10 P=927,VL=126,VC=361,ML=4726,MC=3972 MT=1884,
11 CAS=$E,
12 M8=31847675,
13 PO=15,
14 SM=20,

1

BIJLAAC STRESS MALYS!$ FOR CYLINDERS ME101/M10 5. C. Edison 02/25/93 PG2556 PAGE 2

LOCAL STRESS MALYS!$ FOR CCW TANK T.055/T.C56, N0ZZLE A

1 N P U T 0 A T A
.................................

P ML MC MT VL VC MA M8 STRESS
(LBS) (IN.LBS) (IN.LBS) (IN.L8S) (LBS) (LBS) (FT.LBS) (FT.LSS) LEVEL

. ................................................................... ...................
I 927.0 4726.0 3972.0 1884.0 126.0 361.031847676.0 .0 50
2 927.0 4726.0 3972.0 1884.0 126.0 361.0 .031847676.0 SE

VESTHK YE$0!A C1 C2 SHAPE SCALE SM PRES $UR! BEND R
(IN) (!N) (IN) (IN) FACTOR I (KS!) (PSI) (IN)

............................................................................................
1 .312 480.312 3.500 3.500 CIRCULAR .000 20.0 15.0 .000
2 .312 480.312 3.500 3.500 CIRCULAR .000 20.0 15.0 .000

1

81JLAAC STRESS MALYSIS FOR CYLINDERS ME101/M10 5. C. Edfson 02/25/93 PC2556 PAGE 3

LOCAL STRESS MALYSIS FOR CCW TAM T.055/T.056, NCZZLE A

CASE 1

SCE 26 426 NEW 4/90
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CCN CONVERSION /Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN - I

Subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL.AKILY 10/12/93 JUN CAOR $ {. 10/12/93

|

VESSEL DIAMETER = 480.312 INCHES C1 = 3.500 INCHES C2 = 3.500 INCHESGA mA = 768.500 BETA 1 = .006 B"TA2 = .006

COMBINED $ TRESS I N T E k 5 i T Y, 5 (K $ !), AT ***
***

INWARD END OF LONG. MCM. OUTWARD END OF LONG. MOM. INWARD END OF CIRC. MCM. OUTWARD END OF CIRC.MOM.

VESSEL THICKNESS OUTSIDE INSIDE OUTSIDE INS!0E OUTSIDE INSIDE OUTS!0E INSIDE(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SWELL OF SHELL OF SHELL 0F $ HELL................

..............................................................................................................
MAXIMUM PRIM AY PLUS SECONCARY STRES$ ]NTENSITY

.3125 26.29 19.08 15.72 6.96 30.24 23.78 10.48 9.84

MAXIMUM FRIMARY MEMBRANE STRESS INTENSITY

6.36 6.36 4.71 4.71 3.59 3.59 2.12 2.12

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 02/25/93 PG2556 PAGE 5

LOCAL STRESS ANAt.YSIS FOR CCW TANK T.055/T.056, N0ZZLE A

CASE 1 THIS CALCULATION IS FOR A LUG ON STRAIGHT PIPE

MAX [ MUM PRIMARY PIPING STRESS INTENSITY............................... 12.5 (KSI)

MAX! MUM PRIMARY LOCAL MEMBRANE STRESS INTENSITY....................... 6.4 (KSI)

MAXIMLN COM3!NEC PRIMARY MEMBRANE STRESS INTENSITY.................... 18.9 (KSI)

A LLOWAB LE ( 1. 500 S e ) .. - ... . . . . . . . . . . . .- .. . . . .. . . - . . . . . .. . . . . .. . . . . . . 30.0 (KSI)
1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 02/25/93 PG2556 PAGE 6

LOCAL STRESS AAALYSIS FOR CCV TANK T.055/T 056, N0ZZLE A

CASE 2

VESSEL DIAMETER = 480.312 INCHES C1 = 3.500 INCHES C2 = 3.500 INCHES
GAmA = 768.500 BETA 1 = 606 SETA2 = .006

C0MBINEO 5iRESS ! N T E N S I T Y, S (K S !). AT*** ***

SCE 26 426 NEW 4/90

.
._ -
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CALCULATION SHEET =Wu , AGE s n , s -

CCN CONVERSION f
Project or DCP/MMP SONGS 3 calc No. M-OSC-269 CCN NO. CCN - /

subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE 1RE DATE

NABIL M. EL.AKILY 10/12/93 JUNGAOR[[ |10/12/93

|

|

INWARO END OF L)NG. MOM. CUTWARO ENO CF LONG. MCM. IL ARD END OF CIRC. MOM. CUTWARD END OF CIRC.

VESSEL THICG ESS OUTS! E INSIDE CUTSIO! INSICE OUTSIDE IN$!DE OUTS!DE IN$IDE |

....!!"c"!H.... ' 5" "' '5""' '5*"' '5""' '5"'" o'5""' '5""' o' 5""'
I
1...............................................................................................................

MAXIMUM PRIMARY PLUS SECONDARY STRESS INTENSITY ,

.3125 26.29 19.08 15.72 6.96 30.24 23.78 10.48 9.84
1

MAXIMLN PRIMARY MEMBRANE STRESS INTENSITY |

|

6.36 6.36 4.71 .71 3.59 3.59 2.12 2.12 |

|
BIJLAARD STRESS ANALYSl$ FOR CYLINOERS ME101/M10 5. C. Edison 02/25/93 PG2556 PAGE 8 !

LOCAL STRESS ANALYSIS FOR CCW TAhK T-055/T.056. NCZZLE A |
|

CASE 2 THIS CALCULATION IS FOR A LUG ON STRAIGHT PIPE

MAX IMLM SECON DARY PI PING STRE SS INTENS ITY.................~....~ ~~ 18.3 (KSI)

MAXIMJM PRIMARY PLUS SECONDARY LOCAL MEMBRANE STRESS INTENSITY....... 30.2 (KSI) |

|

MAXIMJM COMBINED PRIMARY PLUS SECONOARY MEMBRANE STRESS INTENSITY..... 48.$ (KS!)
|

ALLCWA8LE ( 3.000 Sm )........-... ~. ~ ............................... 60.0 (KSI)
1

BIJLAARD STRE$$ ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 02/25/93 PG2556 PAGE 9

LOCAL STRESS ANALYSIS FOR CCV TANK T.055/T 056. N0ZZLE A |
|

St> NARY TA8LE |

(KSI)

PIPING LCCAL
CASE PRIMARY SECONCARY PRIMARY SECCNDARY COM81NED ALLCWABLE MAX SMEAR ALLOWABLE

+ PRIMARY
........ .........................................................................................

I 12.5 .0 6.4 .0 18.9 30.0 .0 .0
2 .0 18.3 .C 30.2 48.5 60.0 .c .0

1

BIJLAARO STRESS ANALYSIS FOR CYLINDERS ME1C1/M10 S. C. Edisor 02/25/93 PG2556 PAGE 10

SCE 26 426 NEW 4.90
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CCN CONVER$!CN f
Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN ho. CCN - f

Subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL-AtlLY 10/12/93 JUNGAOR[f, 10/12/93

NE101LS version M10 stop on 02/25/93 at C7:25:56
NE101LS Version M10 run time .00 seconds

,

I

1

|
l

|

|
,
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CCN CONVERSION /Prtject or DCP/MMP SONGS 3 Calc No. M-OSC-269 CCN No. CCN - ,1

subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORICINATOR DATE IRE DATE

NA8IL M. EL-AKILY 10/12/93 JUNCAOR$6, 10/12/93

2. Tank T055/56 - P'- _ eB
1

BIJLAARD STRESS ANA!.fSu GR CYLINDERS ME101/M10 S. C. Edison 01/19/93 JJ3456 PAGE 1 |

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE B

! N P U T 0 A T A
.................................

........ 1........ 2........ 3........ 4........ 5........ 6........ 7........ 8

1 LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE B
2 LDC
3 V D=480. 3125, VT=0. 3125, C1 = 1. 315,C2 = 1. 315, $H A =C IR ,
4 P=66,VL=32,VC=55 ML 264,MC=1560,MT=72,
5 CAS=SO,
6 MA=31847675,
7 PD=15,
8 SM=20,
9 LDC

10 P=66,VL=32,VC=55 ML=264,MC=1560,MT=72,
11 CAS=SE.
12 MB 31847675,
13 P0=15,
14 SM=20,

1

BlJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/19/93 JJ3456 PAGE 2

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE B

! N P U T 0 A T A
.................................

7
'

P ML MC MT VL VC MA MB STRESS
(LBS) (IN.LBS) (IN.LBS) (IN.LBS) (LBS) (LBS) (FT.LBS) (FT.LBS) LEVEL

..........................................................................................
1 66.0 2 64.0 1560.0 72.0 32.0 55.031847676.0 .0 SO
2 66.0 264.0 1560.0 72.0 37.0 55.0 .031847676.0 SE

VESTHK VES0!A C1 C2 SHAPE SCALE SM PRESSURE BENO R
(!N) (!N) (IN) (!N) FACTOR 1 (KSI) (PSI) (!N)

.......................................................................................... .
1 .312 480.312 1.315 1.315 CIRCULAR .000 20.0 15.0 .000
2 .312 480.312 1.315 1.315 CIRCULAR .000 20.0 15.0 .000

1

BIJLAARO STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/19/93 JJ3456 PAGE 3

LOCAL STRESS ANALYSIS FOR CCW TANr T.055/T.056, N0ZZLE B

CASE 1

SCE 26 426 NEW 4/90
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CALCULATION SHEET =nd " ,Ae m 0, m |
CCN CONVERSION

[Project or DCP/M4P SONGS 3 Calc No. M.DSC-269 CCN No. CCN -

G/Subject See Tit 1e Sheet sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL-AKILY 10/12/93 JUN GAOR . 10/12/93

VESSEL CIAMETER * 480.312 INCHES C1 = 1.315 INCHES C2 * 1.315 INCHES
GAMMA * 768.500 BETA 1 = .002 BETA 2 * .002

C0MB1NED 5 TRESS ! N T E N 5 I T Y, 5 (K S !), AT ******

[NWARO END OF LONG. MOK. OUTWARD END OF LONG. MGM. INWARD ENO CF CIRC. MOM. OUTWARO END OF CIRC.
MOM.

VESSEL THICKNESS OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE
(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL

................

..: --- ...................................................................................................

MAXIMUM PRIMARY PLUS SECONDARY STRESS INTENSITY

.3125 3.80 2.54 2.99 1.49 21.95 16.73 20.34 17.67

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

. 93 . 93 .75 .75 -2.66 2.66 2.54 2.54

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 5. C. Edison C1/19/93 JJ3456 PAGE 5

LOCAL STRES$ ANALYSIS FOR CCW TANK T.055/T.056 N0ZZLE B

CASE I THIS CALCULATION IS FOR A LUG ON STRAIGHT PIPE

MAXIMUM PRIMARY PI PING STRESS INTENSITY..................-.........--- 12.5 (KSI)

MAXIMUM PRIMARY LOCAL MEMBRANE STRESS INTENSITY.-..-..-............... 2.7 (KSI)

MAXIMLP4 COMBINED PRIMARY MEMBRANE STRESS INTENSITY.-....-............. 15.2 (KSI)

ALLOWABLE ( 1.500 Sm )..........-..................................... 30.0 (KSI)
1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 5. C. Edison 01/19/93 JJ3456 PAGE 6

LOCAL STRES$ ANALYSIS FOR CCW TANK T.055/T.055, N0ZZLE B

CASE 2

VESSEL DIAMETER * 480.312 INCHES C1 = 1.315 INCHES C2 = 1.315 INCHES
GAmA = 766.500 BETA 1 * .002 BETA 2 * .002

C0MB!NED 5 TRESS I N T E N 5 I T Y. S (K S !), AT*** ***

SCE 26 426 NEW 4/90
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1 NES&L DEPARTMENT

CALCULATION SHEET =,$C,0 m
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CCN CONVER$10NProject or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN h0. CCN -

subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE !RE DATE

NA81L M. EL.AKILY 10/12/93 JUN GAOR
, 10/12/93

i

INWARO END OF LONG. MOM. OUTWARD END OF LONG. MOM. INWARD END OF CIRC. MOM. OUTWARD END OF CIRC.MOM.

V!$5EL THICKNESS OUTSIDE INSIDE OUTSIDE INSICE OUTSIDE INSIDE CUTS 10E INSIDE(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF $ HELL OF SHELL OF SHELL OF SHELL................

..............................................................................................................
MAXIMUM PRIMARY PLUS SECOCARY STRESS INTENSITY

.3125 -3.80 2.54 2.99 1.49 21.95 18.73 20.34 -17.67

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

. 93 . 93 .75 .75 2.66 2.66 2.54 2.54

BIJLAARD STRESS ANALYS!$ FOR CYLINDERS ME101/M10 S. C. Edison 01/19/93 JJ3456 PAGE 8

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE 8

CASE 2 THIS CALCULATION !$ FOR A LUG ON STRAIGHT P!PE

MAX IMUM SECON DARY P ! P I NG STRESS INTENS I TY........-..-..-.... .......... 18.3 (KSI)

MAXIMUM PRIMARY PLUS SECONDARY LO"AL MEMBRANE STRESS INTENSITY.....-- 21.9 (KSI)

MAXIMUM COMBINED PRIMARY PLUS SECONDARY MEMBRANE STRESS INTENSITY..... 40.2 (KSI)

ALLOWABLE ( 3.000 Sm )................-.....---.....-..---...- ------- 60.0 (KSI)
1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/19/93 JJ3456 PAGE 9

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T 056, N0ZZLE B

S'MMARY TAB.EJ
(KSI)

PIPING LOCAL
CASE PRIMARY SECONDARY PRIMARY SECONDARY COMBINED ALLOWABLE MAX SHEAR ALLOWABLE

+ PRIMARY

........... 7 .................... 3......................;......... g ..........................
2 .0 18.3 .0 21.9 40.2 60.0 .0 .0

1

|

|

SCE 26-426 NEW 4/90
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CALCULATION SHEET n;",;oit,;." , AGE u 0, m

CCN C0hVER$10N /Project or DCP/NMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN - /
subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL-AKILY 10/12/o3 JUN GAOR [d- 10/12/93

BIJLAARD STRESS ANALYS15 FOR CYLINDERS MC101/M10 S. C. Edison 01/19/93 JJ3456 PAGE 11

ME101LS version M10 stop on 01/19/93 at 10:34:56
ME101LS version M10 run time .00 seconds

SCE 26-426 NEW 4/90
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CALCULATION SHEET :=4 s ,A,, g4 0,2 7 7.

CCN CONVERSION / |Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN . I

subject See Title Sheet
Sheet No.

IREV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE !RE DATE
|

JUN GAce k ,.NA81L M. EL*AO LY 10/12/93 10/12/93

| |
!

1

3. Tank T055/56 - Nozzle C (This nozzle is deleted - included for info only) |
2 1

8!JLAARD STRESS ANALYSIS FOR CYLIN0ERS ME101/M10 S. C. Edisen 01/20/93 KJ1428 PAGE 1

LOCAL STRESS ANALYS!S FOR CCW TAN ( T-055/T.056, N0ZZLE C

( N P U ? O A i A
.................................

.........]........2........3........4........5-.-.....-6.-.-....7-...-...8
1 LOCAL STRESS ANALYSIS FOR CCW TANK T.0$$/7 056, N0ZZLE
2 LOC
3 VD=480.1875,VT=0.42,C1=2.375.C2=2.375,$HA=CIR,
4 P=159,VL=491,YC=280,ML 11508,MC=7848,MT=696
5 CAS=50,
6 MA=11240356,
7 P0 5,
8 SM=20,
9 LOC

10 P=159,VL=491,YC=280,ML*11508,MC=7848.MT=696,
11 CAS=$E,
12 M8=11240356,
13 PO*5,
14 SM*20,

1

B!JLAARD STRESS ANALYSIS FOR CYLINOERS *E101/M10 5. " Edisca 01/20/93 KJ1428 PAGE 2

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T 056, N0ZZLE

! N P U T 0 A T A
.................................

P ML MC MT VL VC MA MB STRESS
(LBS) (IN.LBS) (IN-LBS) (IN-LES) (LES) (LBS) (FT.L85) FT.LBS LEVE........................................................................(.......).........L..

1 159.0 11508.0 7848.0 696.0 491.0 280.011240355.0 .0 502 15;.0 11508.0 7848.0 696.0 491.0 280.0 .011240356.0 SE

VESTHK VESOIA C1 C2 SHAPE SCALE SM PRESSURE BENO R(1N) (IN) (!N) (lN) FACTOR 1 (KS! PSI.....................................................................).......(....)......(.IN)
1 420 480.188 2.375 2.375 CIRCULAF .000 20.0 5.0 .000

.....

2 .420 480.188 2.375 2.375 CIRCULAR .000 20.0 5.0 .0001

BIJLAARD STRESS ANALYSIS FOR CYLINOERS *E101/M10 5. C. Edison 01/20/93 KJ1428 PAGE 3

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056 N0ZZLE C

CASE 1

CCE 26-426 NEW 4/90



- -- _- . . _ .. .

NES&L DEPARTMENT

CALCULATION SHEET =iC& " ,Am 0, m.

'

CCN CONVERSION /
Project or DCP/fttP SONGS 3 Calc No. M-OSC-269 CCN No. CCN - /1

r , . - -
subject See Title Sheet Sheet Nc. O

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NASIL M. EL-AKILY 10/12/93 JUNCAOR'h- 10/12/93

VESSEL O!AMETER = 480.188 INCHES C1 = 2.375 INCHES C2 a 2.375 INCHES
GAMMA = 571.652 BETA 1 = .004 BETA 2 = .004

C0MB!NEO $TRE$$ ! N T E N S ! T Y, 5 (K S I), AT*** ***

1

INWARD END OF LONG. MOM. OUTWARD END OF LONG. MOM. INWARD END OF CIRC. MOM. OUTWARD END OF CIRC.
MOM.

VESSEL THICKNESS OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE

(INCHES) 0F SHELL OF $HELt. OF $ HELL OF $ HELL OF SHELL OF SHELL OF SHELL OF SHELL

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

MAXI >tJM PRIMARY PLUS SECCC ARY STRESS INTENSITY

4200 -43.13 30.82 41.90 -29.35 -32.78 28.56 30.62 -27.13

MAXIMUM PRIMARY MEM8RANE STRESS INTENSITY

-9.94 -9.94 9.71 9.71 -3.13 -3.13 3.09 3.09

4

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/20/93 KJ1428 PAGE 5

; LOCAL STRESS ANALYSIS FOR CCW TANK T-055/T-056, N0ZZLE C

CASE 1 TH15 CALCULATION I$ FOR A LUG ON STRA!GHT PIPE

,

MAXIMUM PRIMARY P! PING STRESS INTENS!TV ------------------------------ 3.2 (KSI)

MAXIMUM PRIMARY LOCAL MEMBRANE STRESS INTENSITY----------------------- 9.9 (KSI)

MAXIMUM COM0!NED PRIMARY MEMBRANE STRESS INTENSITY-------------------- 13.1 (KSI)

| ALLOWABLE ( 1.500 Sm )....-------------------------------------------- 30.0(KSI)
1

i BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 5. C. Edison 01/20/93 KJ1428 PAGE 6

LOCAL STRISS ANALYSIS FOR CCW TANK T-05S/T-056, N0ZZLE C

j CASE 2

VESSEL O!AMETER = 480.188 INCHES C1 = ' 2.375 INCHES C2 = 2.375 INCHES
GAPNA = 571.652 BETA 1 = .004 BETA 2 = .004

,

4

SCE 26-426 NEW 4/90



:

I

NES&L DEPARTMENT |

CALCULATION SHEET =1;%0.m ,Ax u o, m
|

CCN CONVERSION / |
Project or DCP/MMP SONGS 3 Calc No. M.DSC-269 CCN NO. CCN . /
subject See Title Sheet Sheet No.

|REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE l

NA81L M. EL-AXILY 10/12/93 JUN GAOR $ [, 10/12/93

|

|

COMB!NED STRESS I N T E N $ ! T Y, 5 (K $ !), AT ***
***

|

| INWARD END OF LONG. MOM. OUTWARD END OF LONG. MGM. INWARD END OF CIRC. MOM. OUTWARD END OF CIRC.
l MOM.
'

VESSEL THICKNESS OUTSICE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE
(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL

............................................................................................................

MAXIMUM PRIMARY PLUS SECONDARY STRESS INTENSITY

.4200 43.13 30.82 41.90 29.35 -32.78 28.56 30.62 27.13

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

-9.94 9.94 9.71 9.71 3.13 3.13 3.09 3.09

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 's. C. Edison 01/20/93 KJ1428 PAGE 8

LOCAL STRESS ANALYSIS FOR CCW TANK T 055/T.056, N0ZZLE C

CASE 2 THIS CALCULATION IS FOR A LUG ON STRAIGHT PIPE

MAXIMUM SECONDARY P! PING STRESS INTENSITY............................. 4.6 (KS!)

MAXIMUM PRIMARY PLUS SECONDARY LOCAL MEMBRANE STRESS INTEN$1TY....... 43.1 (KS!)

MAXIMJM COMBINED PRIMARY PLUS SECONDARY MEMBRANE STRESS INTENSITY..... 47.8 (KSI)

ALLOWABLE ( 3.000 Sm )...--.............---......................-.... 60.0 (KSI)
1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/20/93 KJ1428 PAGE 9

LOCAL STRESS ANALYS!$ FOR CCW TANK T.055/T.056, N0ZZLE C

SUMMARY TABLE

(KSI)

PIPING LOCAL
CASE PRIMARY SECONDARY PRIMARY SECONCARY COMBINE 0 ALLOWABLE MAX SHEAR ALLOWABLE

+ FRIMARY

..3..................7..........3.......g.................................3..,
2 .0 4.6 .0 43.1 47.8 60.0 .0 .0

1

GCE 26 426 NEW 4/90



NES&L DEPARTMENT

CALCULATION SHEET :::: n N k " ,AsE n o,2 n
CCN CONVERSION

Project or DCP/MMP SONGS 3 Calc No. M-0SC-269 CCN No. CCN -

7 |subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NA8IL M. EL-AKILT 10/12/93 JUNGAOR'[k 10/12/93

BIJLAARD STRESS ANALYSIS ,0R CYLINDERS ME101/M10 5. C. Edison 01/20/93 KJ1428 PAGE 11

ME101LS version M10 stop on 01/20/93 at 10:14:28
ME101LS verston M10 run time .00 seconds

.

SCE 26 426 NEW 4/90



,

i |

| |

| NES&L DEPARTMENT
! CALCULATION SHEET =ncm ,A m o, m.

CCN CONVERSION /Project or DCP/M4P SONGS 3 Calc No. M-DSC-269 CCN NO. CCN - /
j subject See Title Sheet Sheet No.

| REV ORl0!NATOR DATE IRE DATE REV OR10!NATOR DATE IRE 'OATE

Q, 10/12/93NA6IL M. EL AKILY 10/12/93 JUN CAOR

|

|

|

4. Tank T055/56 - Nozzle F

1
,

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/27/93 RQ1456 PAGE 1

LOCAL $ TRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE F

I N P U T 0 A T A
.................................

........ 1........ 2........ 3........ 4........ 5........ 6........-7........ 8

1 LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE F
2 LOC
3 VD=480.1875,VT=0.42 C1 2.875,C2=2.875,SHA=CIR,
4 P=231,VL=554,VC=149,ML=14352,MC=3228,MT=852,
5 CAS=50,
6 MA=11240356,
7 PO=5,
8 SM=20,
9 LOC

10 P=231,VL=554,VC=149,ML=14352 MC=3228,MT=852,
11 CAS.SE.
12 M8=11240356,
13 PO=5,
14 SM=20,

1

BIJLAARD STRESS ANALYS!$ FOR CYLINDERS ME101/M10 S. C. Edison 01/27/93 RQ1456 PAGE 2

LOCAL STRESS ANALYSIS FOR CCW TAhK T.055/T.056, N022LE F

I N P U T 0 A T A
.................................

P ML MC MT VL VC MA M8 STRESS
(LBS) (IN.LBS) (IN.LBS) (IN.LBS) (LBS) (LBS) (FT.LBS) (FT.LBS) LEVEL

1 hh5 b 5khhh b hhh8$b bhhb hh5$b 5$9b5[hkbbkhIb b bb
2 231.0 14352.0 3228.0 852.0 554.0 149.0 .011240356.0 SE

VESTHK VESOIA C1 C2 SHAPE SCALE SM PRESSURE BEND R
(IN) (IN) (IN) (IN) FACTOR 1 (KSI) (PSI) (IN)

............................................................................................
1 .420 480.188 2.875 2.875 CIRCULAR .000 20.0 5.0 .000
2 .420 480.188 2.875 2.875 CIRCULAR .000 20.0 5.0 .000

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/27/93 RQ1456 PAGE 3

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE F

SCE 26426 NEW 4/90



_ _ -. . - - - -- _- .

NES&L DEPARTMENT I

CALCULATION SHEET ="n&" ,Ax m, 2 n
CCN CONVERSION /Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN - {

subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

WASIL M. EL.AKILY 10/12/93 JUN GAoR Q . 10/12/93

|

|

|

CASE 1

VESSEL DIAMETER = 480.188 INCHES C1 = 2.875 INCHES C2 = 2.875 INCHES
GAMA = 571.652 BETA 1 = .005 BETA 2 = .005

|
C0MBINED $TRE55 I N T E N 5 I T Y, S (K S !), AT === |

=**

|
INWARD EhD OF LONG. MCM. OUTWARD END OF LONG. MOM. INWARD END OF CIRC. MOM. CUTWARD END OF CIRC.

MOM.

VESSEL THICKNESS OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE
(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL

................

....... ............................................................................................-........
|

MAXIMUM PRIMARY PLUS SECONDARY STRESS INTENSITY

.4200 .43.87 31.43 42.13 29.34 12.27 10.43 9.22 -8.42

MAXIMUM PRIMARY MEMBRANE STRESS IhTENSITY

10.22 10.22 9.91 9.91 1.24 1.24 1.14 1.14

1

BIJLAARD STRESS ANALYSIS FOR CYLINOERS ME101/M10 5. C. Edison 01/27/93 RQ1456 PAGE 5

LOCAL STRESS ANALY$l$ FOR CCW TANK T 055/T.056, N0ZZLE F

CASE 1 THIS CALCULATION IS FOR A LUG ON STRA!GHT PIPE

MAX IMUM PRIMARY P I PING STR ESS INT ENS !1 Y..........................-.... 3.2 (KSI)

MAXIMUM PRIMARY LOCAL MEMBRAN E STRESS INTENS!TY....................... 10.2 (KS!)

MAXIMUM COMBINED PRIMARY MEMBRANE STRES$ INTENSITY.--.................' 13.4 (KSI)

A L LOWA8 LE ( 1. 500 Sm ) . . . . ... . . .. -.. . .. . ... . .. . ..... . .... . .... ... . ... . 30.0 (K$!)
1

B1JLAARD STRESS ANALYSIS FOR CYLINOERS ME101/M10 S. C. Edison 01/27/93 RQ1456 PAGE 6

LOCAL STRESS ANALYSIS FOR CCW TANK T 055/T.056, h022LE F

CASE 2

VESSEL DIAMETER = 480.188 INCHES C1 = 2.875 INCHES C2 = 2.875 INCHES
GAMA = 571.652 BETA 1 = .005 BETA 2 = .005

e

SCE 26-426 NEW 4/90



_ .

NES&L DEPARTMENT

CALCULATION SHEET =","oiCNF- se' PAm,ne
l

CCN CONVER$!0NProject or DCP/ MP SONGS 3 Calc No. M-DSC-269 CCN No. CCN -

subject See Title Sheet Sheet No. 70
REV ORIGINATOR OATE !RE DATE. REV ORIGINATOR DATE IRE DATE1

NA81L M. EL-AKILY 10/12/93 JUNGAORp(,. 10/12/93

COMB!NEO STAESS I N T E N $ I T Y, 5 (K $ !). AT ***
***

INWARD END OF LONG. MOM. DUTWARD END OF LONG. MOM. INWARD END OF CIRC. MOM. OUTWARO END OF CIRC.MOM.

VESSEL THICKNESS OUTSIDE INSIDE OUTSICE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE(INCHES) 0F $ HELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL................

...............................................................................................................
MAXIMUM PRIMARY PLUS SECONDARY STRESS INTENSITY

4200 43.87 31.43 42.13 29.34 12.27 10.43 9.22 8.42

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

10.22 10.22 9.91 9.91 1.24 1.24 1.14 1.14

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 5. C. Edison 01/27/93 RQ1456 PAGE 8

LOCAL STRESS ANALYS!$ FOR CCW TANK T.055/T.056, N0ZZLE F

CASE 2 THIS CALCULATION IS FOR A LUG ON STRAIGHT P!PE

MAXIMUM SECONDARY PIPING STRESS INTENSITY............................. 4.6 (KSI)

MAXIMUM PRIMARY PLUS SECONDARY LOCAL MEMBRANE STRESS INTENSITY......- 43.9 (KSI)

MAXIMUM COMBINED PRIMARY PLUS SECONDARY MEMBRANE STRESS INTENSITY..... 48.5 (KS!)

AL LOWAB L E ( 3. 000 Se ) .. . .. . . . . . . . . . . - . . . . . . . . . . . . . - .. . . . . . . . . . . . . .. . . 60.0 (KSI)1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/27/93 RQ1456 PAGE 9

LOCAL STRESS ANALYS!$ FOR CCW TANK T.055/T.056, N0ZZLE F

SUPHARY TABLE
(KSI)

P! PING LOCAL
CASE PRIMARY SECONDARY PRIMARY SECONDARY COMBINED ALLOWABLE MAX SHEAR ALLOWABLE

+ PRIMARY
...................................................................................................

1 3.2 .0 10.2 .0 13.4 30.0 .0 .0
2 .0 4.6 .0 43.9 48.5 60.0 .0 .0

1

OCE 26426 NEW 4/90



. . _ _ - - . - -- .- . -

NES&L DEPARTMENT

CALCULATION SHEET :::,:M"
. ,A,E n o,2 7 9

CCN CONVERSIONProject or DcP/MMP SONGS 3 cale No. M-DSC-269 CCN No. CCN -
'

:,

7/subject See Title Sheet Sheet No.

REV ORIGINATOR DATE !RE DATE REV ORIGINATOR DATE 1RE DATE

KN GAOR h[,
,

NABIL M. EL-AK!LY 10/12/93 10/12/93
'|

)

i

i

i

BIJLAARD STRISS ANALYSIS FOR CYLINDERS MC101/M10 S. C. Edison 01/27/93 RQ1456 PAGE 11
1

ME101LS version M10 stop on 01/27/93 at 17:14:57<

ME101LS version M10 run time .00 seconds

a

.j

1

:

a

i

f

SCE 26-426 NEW 4/90



|
|

NES&L DEPARTMENT

CALCULATION SHEET ="nN N0F" ,Au m, m

CCN CONVERSION [Project or DCP/MMP SONGS 3 Calc No. M-OSC-269 CCN NO. CCN - f

subject See Title Sheet Sheet No.

REV|REV ORIGINATOR DATE IRE DATE ORIGINATOR DATE !RE DATE

NABIL M. EL-AKILY 10/12/93 JUN GAOR
, 10/12/93

|

|
*

5. Tank T055/56 - Nozzle G

1

BIJLAARD STRESS AAALYS!$ FOR CYLINDERS mil 01/M10 5. C. Edison 01/27/93 RQ3318 PA~a E 1

LOCAL STRESS ANALYSIS FOR CCW TANK T-055/T.056, N0ZZLE G

I N P U T D A T A
..................................

........1........2........3.....-..4-...-..-5...-..--.6...-....-7........8

1 LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE G
2 LOC
3 VD=480.1875,VT=0.53,C1=2.375,C2=2.375,$HA=CIR,

-4 P=122,VL=1088,VC=167,ML=15852 MC=4788,MT=840,
5 CAS.SO,
6 MA=11240356,
7 FO 5
8 SM=20,
9 LDC

10 P=122,VL=1088,VC=167,ML=15852,MC=4788,MT=840,
11 CAS=SE.
12 M8=11240356,
13 PD=5,
14 SMa20,

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/27/93 RQ3318 PAGE 2

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE G

I N P U T D A T A
.................................

P ML MC MT VL VC MA MS STRESS
(LBS) (IN.LBS) (IN.LBS) (IN.LBS) (LBS) (LBS) (FT.LBS) (FT.LBS) LEVEL

..........................................................................................
I 122.0 15852.0 4788.0 840.0 1088.0 167.011240356.0 .0 50
2 122.0 15852.0 4788.0 840.0 1088.0 167.0 .011240356.0 SE

VESTHK VESDIA C1 C2 SHAPE SCALE SM PRESSURE BEND R
(IN) (IN) (IN) (IN) FACTOR 1 (KSI) (PSI) (IN)

............................................................................................
1 .530 480.188 2.375 2.375 CIRCULAR .C00 20.0 5.0 .000
2 .530 480.188 2.375 2.375 CIRCULAR .000 20.0 5.0 .000

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 5. C. Edison 01/27/93 RQ3318 PAGE 3
r

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZILE G

j SCE 26 426 NEW 4/90



. - ._ - .- . . _. -.

NES&L DEPARTMENT

CALCULATION SHEET =ns." ,AG m 0, m ;,

CCN CONVERSIONProject or DCP/MMP SONGS 3 Calc No. M-OSC-269 CCN No. CCN -

subject See Title Sheet Sheet No. 7 3'
4

REV ORIGINATOR DATE !RE DATE REV ORIGINATOR DATE IRE DATE

JUN GAOR Q , 10/12/93NABIL M. EL.AKILY 10/12/93

i

CASE 1

VESSEL O!AMETER = 480.188 ]NCHES C1 = 2.375 INCHES C2 = 2.375 INCHES
, GA N = 453.007 BETA 1 = .004 BET /.2 = .004 -

1
l

!C0M8INE0 $ TRESS I N T E N 5 I T Y, 5 (K $ !), AT *== |

*=*

INWARO END OF LONG. MOM. OUTWARO END OF LONG. MOM. INWARD END OF CIRC. MOM. OUTWARD END OF CIRC.MOM.

VESSEL THICKNESS OUTSICE INSIOE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL................

..........................................-.....-.... ....-.............-...........-........-................
MAXIMUM PRIMARY PLUS SECONDARY STRESS INTENSITY

.5300 36.74 30.29 36.03 29.55 -12.62 11.13 11.65 10.51

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

7.99 7.99 7.87 7.87 1.25 1.25 1.49 1.49

1

BIJLAARD STRESS ANALYSIS FCR CYLINCERS ME101/M10 5. C. Icison 01/27/93 RQ3318 PAGE 5

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T 056, N0ZZLE G

CASE 1 THIS CALCULATION IS FOR A LUG ON STRAIGHT PIFE

MAXIMUM PRIMARY PIPING STRESS INTENSITY......................... ..... 2.5 (KSI)

max! Mum PRIMARY LOCAL MEMBRANE STRESS INTENSIT1.........-.-...-...--.. 8.0 (KSI)

max 1 mum COMs!NEO PRIMARY MEMBRANE STRESS INTENSITY................-... 10.5 (KS!)

ALLOWABLE ( 1.500 Sm )..-.--------.--.....----.....------ .........-.. 30.0 (KSI)1

BIJLAARD STRESS ANALYS!$ FOR CYLINDERS ME101/M10 S. C. Edison 01/27/93 RQ3318 PAGE 6

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE G

CASE 2

YESSEL O!AMETER = 480.188 INCHES C1 = 2.375 INCHES C2 = 2.375 INCHES
GA N = 453.007 BETA 1 = .004 BETA 2 = .004

SCE 26-426 NEW 4/90



. .
._ . . _ - _ -_ -_ -.

NES&L DEPARTMENT

CALCULATION SHEET =M.m .Ac m o, m
CCN CONVERSIONProject or DCP/MHP SONGS 3 Calc No. M-DSC-269 CCN No. CCN -

subject See Title Sheet Sheet No.
REV ORIGINATOR DATE IRE DATE REV CRIGINATOR DATE IRE DATE

NA8IL M. EL-AKILY 10/12/93 JUNGAOR$(, 10/12/93

COMBINED $ TRESS I N T E N 5 I T Y, 5 (K S !). AT ***
***

INWARO END OF LONG. MOM. CUTWARD END OF LONG. MOM. INWARD END OF CIRC. MOM. OUTWARD END OF CIRC.MOM.

VESSEL THICKNESS OtTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTS!0E INSIDE(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELt. OF SHELL OF SHELL OF SHELL................

..............................................................................................................
MAXIMLN PRIMARY PLUS SECONDARY STRESS INTENSITY

.5300 -36.74 30.29 36.03 29.55 -12.62 11.13 11.65 10.51

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

7.99 7.99 7.87 7.87 1.25 1.25 1.49 1.49

1 |

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/27/93 R03318 PAGE 8

LOCAL STRESS ANALYSIS F1R CCW TANK T.C55/T.056 N0Z2LE G

CASE 2 THIS CALCULhTION IS FOR A LUG ON STRAIGHT PIPE

MAXIMUM SEl'ONDARY PIPING STRESS INTENSITY..........-.................. 3.7 (KSI)

MAXIMUM PRIFARY PLUS SECONDARY LOCAL MEMBRANE STRESS INTENSITY....... 36.7 (KSI)

1

MAXIMUM COMB;NED PRIMARY PLUS SECONDARY MEMBRANE STRESS INTENSITY..... 40.4 (KSI) |

ALLOWABLE ( 3,000 Se )...-...........--.....-.......-................. 60.0 (KSI)1

BIJLAARD STRESS ANALYSIS FOR ("YLINDERS ME101/M10 S. C. Edison 01/27/93 RQ3318 PAGE 9
|

LOCAL STRESS ANALYS!$ FOR CCW RANK T.055/T.056, N0ZZLE G l

|

SUPtdRY TABLE
(KSI)

PIPING LOCAL
CASE PRIMARY SECONDARY PA IMARY SECONDARY COMBINED ALLOWABLE MAX SHEAR ALLOWABLE

+ PRIMARY
...................................................................................................

1 2.5 .0 8.0 .0 10.5 30.0 .0 .02 .0 3.7 .0 36.7 40.4 60.0 .0 .0
,

1

,

SCE 26-426 NEW 4/90



.. .. . - _ . .- _ -

NES&L DEPARTMENT

CALCULATION SHEET =:,:Mf,3 s;
,A, 7, ,, 3 7y.

CCN CONVERSIONProject or DCP/MMP SONGS 3 calc No. M-DSC-269 CCN No. ccN -

Subject See Title Sheet Sheet No. 7)

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

[/, , 10/12/93NABIL M. EL AKILY 10/12/93 JUN CAOR

_

1

BIJLAARD STRESS ANALYSIS ,0R CYLINDERS
ME101/M10 S. C. Edison 01/27/93 RQ3318 PAGE 11

a

*
ME101LS version M10 stop on 01/27/93 at 17:33:18
ME101LS version M10 run time .00 seconds

4

I

|

d

,

r

.

i

SCE 26426 NEW 4/90



NES&L DEPARTMENT
,

CALCULATION SHEET ==M m ,A0E . g o, mf.

CCN CONVER$10N /Project or DCP/MHP SONGS 3 Calc No. M-OSC-269 CCN No. CCN . /

subject See Title Sheet Sheet No. '

REV ORIGINATOR CATE !RE DATE REV ORIGlWATOR DATE IRE DATE

NABIL M. EL-AKILY 10/12/93 JUN CAOR k 10/12/93

6. Tank T055/56 - Nozzle H

1

BIJLAARO STRESS ANALYSIS FOR CYLIN0ERS ME101/M10 S. C. Edison 01/25/93 PP3443 PAGE 1

LOCAL STRESS ANALYSIS FOR CCW TAN ( T 055/T.056, N0ZZLE H

I N P U T 0 A T A
.................................

........1........2........3........4........5..-..----6..---..-7.-....-.8

1 LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T-056 N0ZZLE H
2 LOC
3 VD=480.1875,VT=0.53.C1=4.5,C2=4.5,$HA=CIR,
4 P=291,VL=1265,V =476,ML=43740,MC=15912,MT=1380,
S CAS=SO,
6 MA=11240356,
7 PD=5,
8 SM=20,
9 LOC

10 P=291,VL=1255,VC=476,ML=43740,MC=15912,MT=1380,
11 CAS=SE.
12 M8=11240356,
13 P0 5,
14 SM=20,

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/25/93 PP3443 PAGE 2

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE H

I N P U T 0 A T A
.................................

P ML MC MT VL VC MA M8 STRESS
(LBS) (IN.LBS) (IN.LBS) (IN.LBS) (LBS) (LBS) (FT.LBS) (FT.LBS) LEVEL

..........................................................................................
1 291.0 43740.0 15912.0 1380.0 1265.0 476.011240356.0 .0 50
2 291.0 43740.0 15912.0 1380.0 1265.0 476.0 .011240356.0 St

VESTHK VES0!A C1 C2 SHAPE SCALE SM PRESSURE BENO R
(!N) (IN) (!N) (IN) FACTOR 1 (KS]) (PSI) (IN)

............................................................................................
1 .530 480.188 4.500 4.500 CIRCULAR .000 20.0 5.0 .000
2 .530 480.188 4.500 4.500 CIRCULAR .000 20.0 5.0 .000

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/25/93 PP3443 PAGE 3

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE H

SCE 26-426 NEW 4/90



CALCELYT5$^ IdHEET =~ , ~ %."
,Ax y 0, 2. m

CCN CONVERSION /Project or DCP/ HHP SONGS 3 Calc No. M.DSC-269 CCN No. CCN - [
subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

%. 10/12/93NA8IL M. EL.AKILY 10/12/93 JUN GAOR

|

|

| CASE 1'

1

VESSEL DIAMETER = 480.188 INCHES C1 = 4.500 INCHES C2 = 4.500 INCHES |GAmA = 453.007 BETA 1 = .008 BETA 2 = .008 1

*** COMBINED STRESS I N T E N 5 I T Y, 5 (K S !), AT *** |

|
'

INWARD END OF LONG. MOM. OUTWARO END OF LONG. MOM. INWARD END OF CIRC. MOM. OUTWARO END OF CIRC.

VESSEL THICKNESS OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE .(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL |
i

| ................

| ..... .......................................................................................................
MAXIMUM PRIMARY PLUS SECONCARY STRESS INTENSITY

.5300 50.10 41.02 48.56 39.37 21.80 19.10 19.34 17.47

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

i 11.47 11.47 11.20 11.20 1.90 1.90 1.73 1.73|

1

BlJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/25/93 PP3443 PAGE 5

LOCAL STRESS ANALYSIS FOR CCW TANK T-055/T.056 N022L" H

CASE 1 THIS CALCULATION 15 FOR A LUG ON STRAIGHT PIPE

MAX IMLN PR IMARY PI P ING STRESS IN TEN S ITY..................-...-........ 2.5 (KS!)

MAXIMUM PRIMARY LOCAL MEMBRANE STRESS INTENSITY.................-..... 11.5 (KS!)

MAXIMUM COM81NED PRIMARY MEMBRANE STRESS INTENSITY.................... 14.0 (KS!)

ALLOWABLE ( 1.500 Sm ).............................................--. 30.0 (KSI)1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS MEIC1/M10 S. C. Edison 01/25/93 PP3443 PAGE 6

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T-056, NO22LE H

CASE 2

VESSEL DIAMETER = 480.188 INCHES C1 = 4.500 INCHES C2 = 4.500 INCHES
GAWA = 453.007 BETA 1 = .008 BETA 2 = .008

SCE 26 426 NEW 4/90
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| NES&L DEPARTMENT

CALCULATION SHEET =I % w
'

~

,Aco g 0, y.,
CCN CONVERSION

Project or DCP/MiP SONGS 3 Calc No. M-DSC-269 CCN NO. CCN -

subject See Title Sheet Sheet No. 7b

REV ORIGINATOR DATE IRE DATE REV ORIG!hATOR DATE IRE DATE
l

| NA8IL M. EL-AKILY 10/12/93 K N GAOR h , 10/12/93

|
r

C0MBINED STRE$5 !NTENSITY, 5 (K S !), AT ******

INWARD END OF LONG. MOM. OUTWARD END OF LONG. MCM. INWARO END OF CIRC. MOM. OUTWARD END OF CIRC.
MOM.

VESSEL THICKNESS OUTS!0E INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE
(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL

................

.._- - ==-=...............................................................................................

MAX! MUM PRIMARY PLUS SECONOARY STRESS INTENSITY

.5300 50.10 41.02 48.56 -39.37 21.80 19.10 19.34 -17.47

MAX! MUM PRIMARY MEMBRANE STRESS INi[NS!TY

11.47 11.47 11.20 11.20 1.90 1.90 1,73 1.73

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 5. C. Edison 01/25/93 PP3443 PAGE 8

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE H

CASE 2 THIS CALCULATION IS FOR A LUG ON STRAIGHT P!PE

MAXIMUM SECONDARY PIPING STRESS INTENSITY............................. 3.7 (KSI)

MAXIMUM PRIMARY PLUS SECONDARY LOCAL MEMSRANE STRESS INTENSITY....--- 50.1 (KS!)

MAXIMUM COMBINED PRIMARY PLUS SECONCARY MEMSRANE STRESS INTENSITY..... 53.8 (KSI)

ALLOWABLE ( 3.000 Sm ).........-...................................... 60.0 (KSI)
1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 01/25/93 PP3443 PAGE 9

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T-056, N0ZZLE H

S'JPHARY TABLE
(KS!)

P! PING LOCAL

i CASE PRIMARY SECONDARY PRIMARY SECONDARY COM8INED ALLOWABLE MAX SHEAR ALLOWABLE
j + Pk! MARY
! .. ............................................................................................

I 1 2.5 .0 11.5 .0 14.0 30.0 .0 .0
| 2 .0 3.7 .0 50.1 53.8 60.0 .0 .0

1,

l

l
1

SCE 26-426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET :::::MPs ,Acq, ,, m
CCN CONVERSION ,/Project or DCP/MMP SONGS 3 Ca'ac No. M-DSC-269 CCN NO. CCN - [

Subject See Title Sheet 79Sheet No.
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL-AKILY 10/12/93 JUNGAOR[f, 10/12/93

BIJLAARD STRES$ ANALYSIS FOR CYLIN0ERS ME101/M10 S. C. Edisor 01/25/93 PP3443 PAGE 11

ME101LS version M10 stop on 01/25/93 at 16:34:43
ME101LS Version M10 run time .00 seconcs

,

1
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NES&L DEPARTMENT

CALCULATION SHEET =134 5 ,AsE g 0, ry.

CCN CONVER$10N
Project or DCP/MMP SONGS 3 Calc No, M-DSC-269 CCN No. CCN -

subject See Title Sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NA8IL M. EL.AKILY 10/12/93 JUN CAOR k , 10/12/93

7. Tank T055/56 - Nozzle J
1

BIJLAARD STRESS ANALYS!$ FOR CYLINDERS ME101/M10 S. C. Edison 02/17/93 H05443 PAGE 1

LOCAL STRES$ ANALYSIS FOR CCW TANK T 055/T.056, N0ZZLE J

! N P U T 0 A T A
.................................

1
........ 1........ 2........ 3........ 4........ 5........ 6........ 7........ 8 |

1 LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T-056 N0ZZLE J
2 LOC
3 V0a480.3125,VT=0.3125,C1=4.5,C2=4.5,$HA=CIR,
4 P=93,VL=1183,vC=90,ML=8976,MC=1236,MT=2040,
5 CAS=50,
6 MA=31847675,
7 PO=15,
8 SM=20,
9 LOC

10 P=93,VL=1183,YC=90,ML=8976,MC 1236,MT=2040,
11 CAS=SE.
12 M8=31847675,
13 PO=15,
14 SM 20,

1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 02/17/93 N05443 PAGE 2

|
LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE J

| I N P U T 0 A T A
.................................

4

$

P ML MC MT VL VC MA MB STRESS
(LBS) (IN.LBS) (IN.LBS) (IN.LBS) (LBS) (LBS) (FT.LBS) (FT.LBS) LEVEL

4

, ..........................................................................................
I 93.0 8976.0 1236.0 2040.0 1183.0 90.031847676.0 .0 $0
2 93.0 8976.0 1236.0 2040.0 1183.0 90.0 .031847676.0 SE;

VESTHE VESOIA C1 C2 SHAPE SCALE SM PRESSURE BEND R
(IN) (IN) (IN) (IN) FACTOR 1 (KSI) (PSI) (IN)

1 .312 khb55h khbb 5$5bb b5RChlkR hbh hhh khh hhb,

: 2 .312 480.312 4.500 4.500 CIRCULAR .000 20.0 15.0 .000
1

1

B1JLAARD STRESS ANALYSIS FOR CYLIN0ERS ME101/M10 S. C. Edison 02/17/93 H05443 PAGE 3
4

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T.056, N0ZZLE J

; CASE 1

SCE 26 426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET = M0f" ,Asi g 0, , y
CCN CONVERSION / |Project or DCP/MMP SONGS 3 Calc No, M-DSC-269 CCN No. CCN - [

Subject See Title Sheet bSheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE |

NABIL M. EL.ARILY 10/12/93 JUN GAOR % , 10/12/93

VESSEL O!AMETER = 480.312 INCHES C1 = 4.500 INCHES C2 = 4.500 INCHES
GA mA = 768.500 BETA 1 = .008 BETA 2 = .008

*** COMB!NED STRESS I N T E N S ! T Y, 5 (K $ I), AT ***

INWARO END OF LONG. MOM. OUTWAR0 END OF LONG. MCM. INWARO END OF CIRC MOM. OUTWARO END OF CIRC.
MOM.

VESSEL THICKNESS OUTSIDE INSIDE OUT$10E INSIDE OUTSIDE INSIDE OUTSIDE INSIDE
(INCHES) 0F SHELL OF SHELL OF SHELt. OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL-- __..........

..............................................................................................................

MAXIMUM PRIMARY PLUS $!CONDARY STRESS INTENSITY

.3125 30.01 17.69 29.02 16.31 5.78 4.73 4.17 -3.67

MAXIMLN PRIMARY MEMBRANE STRESS INTENSITY

7.88 -7.88 7.68 7.68 . 95 . 95 1.52 1.52

BIJLAARD $ TRESS ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 02/17/93 H05443 PAGE 5

LOCAL STRESS ANALY$15 FOR CCW TANK T.055/T.056, N0ZZLE J

CASE 1 THIS CALCULATION IS FOR A LUG ON STRAIGHT P!PE

MAXIMUM PRIMARY PIPING STRESS INTENSITY............................... 12.5(KSI)

MAXIMUM PRIMARY LOCAL MEMBRANE STRESS INTENSITY....................... 7.9 (KSI)

MAXIMUM COMBINED PRIMARY MEMBRANE STRESS INTENSITY......-.......--.... 20.4 (KSI)

AL LOWAB L E ( 1. 500 Sm ) ...-. . . . . . . . . . - . . . . . - . . . . . . . .. .. . . . . . . . . ... - . . . . 30.0 (KSI)
1

BIJLAARD STRES$ ANALYSIS FOR CYLINDERS ME101/M10 S. C. Edison 02/17/93 H05443 PAGE 6

LOCAL STRESS ANALYSIS FOR CCW TANK T-055/T.056, N0ZZLE J

CASE 2

VESSEL O!AMETER = 480.312 INCHES C1 = 4.500 INCHES C2 = 4.500 INCHES
GA M A = 768.500 BETA 1 = .008 BETA 2 = .008

I C0MB1NED $TRE$5 INTENS!TY, 5 (K $ 1), AT*** ***

3CE 26 426 NEW 4/90
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NES&L DEPARTMENT 1
'

CALCULATION SHEET '=ru;/u ,Am 0,7,y
CCN CONVERSION

Project or DCP/MP SONGS 3 Calc No. M-DSC-269 CCN No. CCN -

Subject See Title Sheet Sheet No. |
REV ORIGINATOR DATE 1RE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL-AKILY 10/12/93 JUNGAOR[[,. 10/12/93
|

|

|

INWARO END OF LONG. MOM. OUTWARO ENO OF LONG. MCM. INWARO END OF CIRC MOM. CUTWARO END OF CIRC.MOM.

VESSEL THICKNESS OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE OUTSIDE INSIDE
(INCHES) 0F SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL OF SHELL-..--....-......

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

MAXIMUM PRIMARY PLUS SECCNCARY STRESS INTENSITY

.3125 -30.01 17.69 29.02 16.31 5.78 4.73 4.17 -3.67

MAXIMUM PRIMARY MEMBRANE STRESS INTENSITY

-7.88 7.88 7.68 7.68 .95 . 95 1.52 1.52

BIJLAARC STRESS ANALYSIS FOR CYLINDERS ME101/M10 5. C. Edison 02/17/93 H05443 PAGE 8

LOCAL STRESS ANALYSIS FOR CCW TANK T.055/T-056, N0ZZLE J

CASE 2 THIS CALCULATION IS FOR A LUG ON STRAIGHT PIPE

MAXIMUM $ECONDARY PIPING STRESS INTENSITY...-.....-----..-.-..---.---- 18.3 (KSI)

MAXIMUM PRIMARY PLUS SECONDARY LOCAL MEMBRANE STRESS INTENSITY....... 30.0(KSI)

MAXIMUM COM8INED PRIMARY PLUS SECONDARY MEM8RANE STRESS INTENSITY-.--. 48.3 (KSI)

ALLOWABLE ( 3.000 Sm )..........---.-----...---..--..--.....-......... 60.0 (KSI)
1

BIJLAARD STRESS ANALYSIS FOR CYLINDERS MEIO1/M10 S. C. Edison 02/17/93 H05443 PAGE 9

LOCAL STRESS ANALYS!$ FOR CCW TANK T-055/T.056, N0ZZLE J

SUMMRY TABLE
(KSI)

PIPING LOCAL
CASE PRIMARY SECONDARY PRIMARY SECONDARY COMBINED ALLOWABLE MAX SHEAR ALLOWABLE

+ PRIMARY

1 12.5 .0 7.9 .0 20.4 30.0 .0 .0
2 .0 18.3 .0 30.0 48.3 60.0 .0 .0

SCE 26426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET =NJv v ,,u u 0r 2 7-:-
CCN CONVERSIONProject or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN -

subject See Title Sheet sheet No.
REv ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL AKILY 10/12/93 JUN GAOR [l, 10/12/93

8.5 Allowable Maximum Out-of-Roundness

Per ASME Code, Subsection ND-4224 (Reference 2), the difference in inches between
the maximum and minimum diameters at any cross section shall not exceed 1% of theaverage diameter, or D
under consideration or ,,/100,.where D.,, is the average diameter of the PPMS tank

12" whichever is less. The same Code Subsection also
specifies that diameter should be measured 6 ft or one plate width from top orbottom junctures, respectively.:

It follows that:

D,y, = 480 + 0.2278 = 480.2278"

where the average wall thickness is 0.2278" per Appendix A of this calcualtion.
It follows that the tolerance is given by:

0,,,/100 = 480.227/100 = 4.8"

Therefore, the maximum allowable difference in cross-sectional diameters is 4.8"
(0.4').

A survey of SONGS-3 tank, T055, was performed for roundness at elevations 7'
above the bottom and 6'below the top. Results of the survey (Reference 26) areattached in Appendix D. These results can be summarized as follows:

a) At elevation 7'from the bottom:

Maximum diameter = 40.07',
Minimum diameter = 39.96'

b) At elevation 6' below the top:

Maximum diameter = 40.10',
Minimum diameter = 39.90'

The above measurements correspond to a maximum out-of-roundness of 0.2' (2.4"),
which meets the ASME Code requirements calculated above.

.

SCE 26-426 NEW 4/90
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subject See Title Sheet Sheet No.

REV ORIGINATOR DATE !RE DATE REV ORIGINATOR DATE IRE DATE

NASIL M. EL-AKILY 10/12/93 JUNGAORf{ 10/12/93
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1.0 PURPOSE
.

The two Primary Plant Makeup Storage Tanks (PPMST) at Southern Calif
ornia

Edison's (SCE) San Onofre Nuclear Generating Station (SONGS) .

4

, Units 2 and 3 were

originally designed to American Petroleum Institute (API) Standard 620
, 5th

Edition; and constructed and tested to API Standard 650, 5th Edition (Refere
3). These tanks were originally classified as Seismic Class 11 components

nce

SCE

desires to upgrade its PPMS tanks at SONGS 2 and 3 to Seismic Class I compon
.

ents
in order to qualify these tanks as ASME Section III (

, Class 3 tanks. Also, SCE

desires to evaluate the PPMS tanks for the issues related to Nuclear Regulat|

ory
!Commission (NRC) Unresolved Safety Issues (USI) A-46. lThis report provides the i

re-qualification analysis of the PPMS tanks at SONGS 2 and 3 as ASME Section III
Class 3 tanks and the resolution of the USI A-46 issues.

,

1 Q N l'- 5 / f, P */U C E 3 7 'l |

SH r. 90

sumamur -
eggg M - o rc-2.6 9
REVWION

a .u. e- o-~. ,wien
CHECIWD. } 6- 04fE [I.

I

4

4
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|
1

2.0 RESULTS AND CONCLUSIONS

! The existing PPMST design does not meet all requirements contained
,

| in the Generic Implementation Procedure (GIP) (17]. It isi

recommended that the existing PPMST be reinforced with thirty-six |

(36) vertical stringers and thirty-four (34) additional anchor
bolts around the circumference of the tank, the existing anchor,

} chairs be removed and replaced by a new, stronger, ring-type anchor
: chair, and annular pad plates as illustrated in Table 10-1 be addedi

i to the man-hole penetration of the tanks. Details of the tankj modification are described in Section 9.1 and Figure 5 of this
j report. It is shown in this report that the reinforced tanks meet

!
j all the requirements of the GIP (17] except for the fact that water
j inside the tanks might slosh against the roof. However, thei

i existing tank roof design was shown to be adequate to withstand the
additional internal pressure caused by sloshing. Finally, a

, reconciliation study on the PPMSTs with the 1989 Edition of the
,

ASME Code concludes that the existing PPMSTs may be classified as
; ASME Section III, Class 3 tanks, provided that (1) the Certified
| Material Test Reports (CMTRs) and original material examination
j records can be recovered, (2) the existing fillet welds (instead of
) full penetration welds required by the ASME Code) at tank shell to
! bottom. plate junctions of the PPMSTs be accepted, (3) compliance

with the roundness requirements per ND-4220 of the ASME Code can be
i assured, (4) the testing procedures provided by ASME Code ND-6000i
j are followed, and (5) the procedures specified in Appendix B of
} NBIC (21] are implemented. Jc.c N F 5(r, P91 c F 2 79
j Shech 9 )
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3.0 ASSUMPTIONS N_
y ya p v n. njp g ,
CHEc|gn T C m "/|dD|The following assumptions were made in Ma evaluation: \

| !
'

l

(1) The maximum operating temperature of the PPMSTs is 120*F and
the maximum ambient' temperature is 110*F as required by (2).|

|

(2) The tank foundation is uncracked and has a compressive
strength (ff) equal to or greater then 4,000 psi as required
by (11).

1

(3)
The tanks are constructed on a " thick" concrete foundation.
Therefore, further soil-structure interaction effects (i.e.,
shear wave velocity of soil) will not have to be considered.

(4) Material properties of the additional anchor bolts will be the
same or comparable to the existing anchor bolts from an
evaluation standpoint, namely material ductility, ultimate
strength, Young's modulus, and yield strength.

(5) The circularity tolerance requirements of ND-4220 of the ASME
Code are satisfied. The tanks have to meet the circularity
tolerance requirements to be qualified as'ASME Code Tanks.

(6) One horizontal and one vertical earthquake need to be
considered, with response combined by the Newmark procedure
(25). That is, 100% of the horizontal earthquake will be
combined with 40% of the vertical earthquake (25].

(7) The existing bolts and the additional bolts share the loads
according to the ratio of their sizes.

.

(8) Weight of the reinforcement stringers (see Section 9.1) is
negligible compared with weight of the overall tank.

1
SIR-92-063, Rev. 0 3-1
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j 4.0 DESIGW INPUT

t

The.following data were used as design input in the evaluation:
Name of the Tank *

Primary Plant Makeup Storage Tank:

original Constr. Code
API-650, 5th Ed. + Supp. #1 (1)

:
!

original Design Code
: API-620, 5th Ed. + Supp. il (1) !!

Applicable ASME Code
Section III, Class 3,

1989 Ed. (19)
:

Tank Size
40 feet dia., 34 feet high [3 thru 9]

:

Roof Size
R=48 feet, Self-Supported, Dome (4)

t :

capacity
: 300,000 Gallons (2) gHg $$Content Specific Gravity : 1.0 (2)

Design Temperature * -i

180*F (2) Summaggr_ - er Al /:
CALCIgM-OSC-24 9Maximum External Temp. : 110*F (2) AngDIl- ' '

Maximum operating Temp. : 12 0'F (2 ) ' '

' DMDesign Pressure M E d.Atmospheric (2) y~"fic(g:
L

Tank Material
SA-240," Type 304 (3) J6c d [ Sci. ,"QWT2 7

:

Chair Material : A-36 (3)
Anchor Bolt Material : A-7 (A-307) (10)
Joint Efficiency : 0.85 (1, 19]
original Stress Report

: [1]

original Tank Spec.
: (2)

original Design Drawings : (3 thru 12)
,

==5;cse Spectra curves (13 thru 16) and Figures 2 and 3:

Tank Schenetics : Figure 1
.

Actual design Wyh er FcM
+-.

P F-15M M fw 9% 10 400 3 isloWF.
% wer, In ak cakJaden, a desiy bemys-a+MI2.O*F }$ censer vs.kke I *f

y tA.Le d - See App.,d<*w b, SWt 2 29
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5.O METHODOIDGY l

|
-

The evaluation procedures contained in Chapters 4, 5, and 7 and
Appendix C of the GIP.(17) were used to assess seismic design of
the existing PPMSTs.

The GIP is developed by SQUG (Seismic
Qualification User's Group) based on EPRI's reports (25] forresolving the Unresolved Safety Issue A-46. ;

There are twenty-one
(21) steps in the GIP procedures, including capacity checks of
tank shells, anchor bolts, top plates and stiffener plates of

!anchor chairs, and sloshing height. Since the tanks have to be !
modified and the GIP procedures are not directly applicable toreinforced tanks, alternate but compatible methods were used to
evaluate the reinforced tanks. In evaluating the lower portion of
the tanks, the additional stringers were smeared into the tank

j
shell and an equivalent thickness was used in the evaluation.
Methods specified in ASME Code Case N-284 (18) and two books by
Baker, et al (22,23) were used to check seismic design of the
higher elevations of the reinforced tanks. Evaluation of the
higher elevations of the tank is not required by the GIP. The
analysis method developed by Haroun (20) for seismic evaluation of
flexible tanks was used to confirm the overturning moment and shear

.

at the bottom of the tank calculated per the GIP (17] method, and
to calculate overturning moments and shears at higher elevations of
the tank. Haroun's paper (20] is the basis of overturing moment
and shear force calculations in the GIP (17].

sheeb qy
sumampr-- er Al /
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7.0 NOMENCLATURE;

7.1 From Reference 17 * mQ,CHECKED- W.
3

A,
Cross-sectional area of embedded anchor bolt (in.2)

-

:

Width of chair top plate parallel to shell
. a -

(see Figure 4) biU*)
I b Depth of chair top plate perpendicular to shell

-

(see Figure 4) bi"*).

Thickness of chair top plate (see Figure 4) [in.]
c -

! c'
j Coefficient of tank wall thicknesses and lengths under

,

-

stress (dimensionless)
, -

d Diameter of anchor bolt (in.]
-,

l
J

E, Elastic modulus of tank shell material (psi)
-

'

E, Elastic modulus of anchor bolt material (psi)
-

Eccentricity of anchor bolt with respect to shell outside surface
e -

(see Figure 4) (in.]
F Frequency [Hz]-

F, Allowable tensile stress of bolt [ psi)-

F
Frequency of fluid-structure interaction mode [Hz]

-
f

F, Reduced allowable tensile stress of bolt [ psi)
-

F, Sloshing mode frequency (Hz]-
,

f Distance from outside edge of chair top plate to edge of hole
-

( (in.],see Figure 4)

f Minimum specified yield strength of shell, chair, saddle, or base
-

#
plate material (psi]

G Acceleration of gravity (385.4 in/sec ]8-

Distance between vertical :!ates of chairg -

(see Figure 4) Ein*3
.

N Height of fluid at the mas;assi level to which the tank will be-

filled (see Figure 1) (in 3 -

-

.

SIR-92-063, Rev. 0 7-1,
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gyf * / * 2'l-K lifle)<f),
H' Height of tank shell (see rigure 1) [in.] N d"4 M

-

h Height of chair (see rigure 4) [in.]
-

!

h, Effective length of anchor bolt being stretched (usually from top
-

of chair to embedded anchor plate) (see rigure 1) (in.]
h* Height of shell compression zone at base of tank (usually height

-

of chair) (see rigure 1) [in.];

h, Height of freeboard above fluid surface at the maximum level to
-

which the tank will be filled (see Figure 1) [in.]
h, Slosh height of fluid in tank (in.]-

'

h,' Slosh height of fluid for a ZPA of Ig applied at tank base [in.]
-

.1 Thickness of chair vertical plate (see rigure 4) [in.]
-

I

k Width of chair vertical plate (see rigure 4). Use average
-

-

width for tapered plates [in.]. -

.

M Overturning moment at base of tank (in-lbf]-

M' Base overturning moment coefficient [dimensionless]
-

M, Overturning moment capacity of tank [in-lbf)-

M' , - Base overturning moment capacity coefficient [dimensionless]
N

Number of anchor bolts [dimensionless]
-

' Fluid pressure at base of tank for elephant-foot buckling of tankP, -

shell [ psi)

P,' Pressure coefficient for elephant-foot buckling [dimensionless]
-

P, Fluid pressure at base of tank for diamond-shape buckling of tank-

shell [ psi]

P,' Pressure coefficient for diarnond-shape buckling [dimensionless]
-

.

.

1
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|

!

P,

Allowable tensile load of anchor bolt [lbf]
-

Q

Shear load at base of tank (1bf]
-

; Q'

Base shear load coefficient [dimensionless]
-

Q,
Base shear load capacity of tank (lbf]

-

!

R
Nominal radius of tank (in.]

-
i

(see Figure 1)i r

sectional area about a centroidal axis (in.]Least radius of gyration of vertical stiffener plate cross-
!

-

!
-
.
:
4 .

,

S

Coefficient of tank radius to shell thickness
-

R
[dimensionless]

400 tfSa
Spectral acceleration of ground or floor (g]

,-

Sa,
Spectral acceleration (4% damping) of the ground or floor on

-

which the tank is mounted at the frequency of the fluid-structurej
interaction mode (F,) (g);

[ Sa,
Spectral acceleration (1/2% damping

-

j

which the tank is mounted at the fre)quency of the sloshing modeof the ground or floor onj (F,) (g]
!

{
t"

)

Thickness of the tank shell averaged over the linear height of
-

the tank shell (H') (in.]\

j t
'

Thickness of bottom or base plate of tank (see risure 4)
-

3;

(in.)
;

t,f
j Effective thickness of tank shell based on the mean of the

-

average thickness (t,) and the minimum thickness (t,,) (in.)
.

! t,,,
Minima shell thickness anywhere along the height of the tant

-

j
shall (H'), usually at the top of tha tank (in.]

:

! t'
Minimum thickness of the tank shell in the lowest los of the

-

shell height (H') (in.]i

; Cheeb fq-

i

3
--,

i sammmew -mv /.
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t, Thickness of leg of weld (in.]-

'
I

t'
Equivalent shell thickness having the same cross-sectional area

-

as the anchor bolts (in.]
V,

Average shear wave velocity of soil for tanks founded at grade
-

[ft/sec)
W Weight of fluid contained in tank (1bf]

-

W, Weight of tank without fluid [1bf]-

W" Average shear load on weld connecting anchor bolt chair to tank
-

'

shell per unit length of weld (i.e., total shear load on chair
divided by total length of chair /shell weld) [1bf/in. of weld]'

Z
Tank shell stress reduction factor [dimensionless]

-

ZPA Zero period acceleration [g]-

8 Percentage damping [5]-

.

Buckling coefficient [1 - 0.73 (1 - e*)] [dimensionless]
7 '

-

! 7, Weight density of fluid in tank (1bf/in ]
-

3

A7 Increase factor for internal pressure-

..

a Stress at a point [ psi]-

a, Stress at'which shell buckles (psi]
-

a, Stress at which shell buckles in elephant-foot pattern [psil
-

a
Stress at which shell buckles in diamond-shape pattern [ psi]

-g

a, Yield strength of tank shell material [ psi]
-

d Buckling coefficient [[I/16)Ut/t,)ut] [dimensionless)
-

:

i

|
|

.'.

.
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' bCh /O/%,
,

[ 7.2 From Reference 18: O
%-

, Sy>'- A n-4-

i Laen "h*Hf
4 - _mqq"/j.fgki_

l
3 L C td F-5 6 5 , P i | :.= 5 7 ?'.

t= 4, e, or +# earmpondag to m
i

== or stress cosoponent, cucum-
} ferential 0-.k or stress component,

.

'

and in-plane shear stress component, re-
specamly.

i
t= 1 or 2 cormpondag to 4 to e ancm

whe'e,I comsponds to the larger vahne
.

i

|
and 2 cormponds to the smaDer vaine.

J= L K G comsponding to local backhag
i W "a: of sheu plate between suse-i

nors or boundanes), stringer baciding
i W" :between rings of thesheHplate

and ==*ew w;4 boa! segreners, and'

general instability (overau coDapes), re-
i 8Pectively.
)

de= cross sectional area of stitrener (no ef.
,

*

factive sheH included), sq in.
C,= elasoc buckling coefEcients.i

' = var
Et

Co., Cu= elastic bucklmg coeScients in hoop di-
i

recuan for cylinders under uniform ex-
,

.

.

i

.

.

.

t '

i

/
, -.

'
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-

'

j ternal pressure. c. = 0 and r. =
0.5e,, respectively.

n= number of waves into which shell will
'

i E= modulus of elasticity of the material at
buckle in the circumferential direction.'

i
.

Design Tempera:ure. psi. R a shell radius, in.

}
/5= Factor of safety,

R,= radius to centroidal axis of the combined
i

,

G= E
stifener and effective width of shell. in.i

R , R.= efective stress radius for toroidal andj 2(1 y )

I,= moment of inertia of stirener in the i ellipsoidal shells in the 6 and & direc.
!

direction, about iti centroidal axis, in.' tions respectively,in.'

j Ig;= moment of inertia of stisener plus ef.
!

fective width ofshellI,, about centroidal t= shell thickness, in.'

! axis of combined section, in the i direc.
1. i., t., " A. . A, ,

tion, in. E *'E tt0.5(t..- t,)
{ =
! t.,t

// :,= distance from centerline of shell to cen.
troid ofstisener(positive when stisenersi

'A + t,,t 12f

J,= torsional constant of stirener, in.' are on outside), sn.:

1 a,= capacity reduction factors to account for
i I= overall length of cylinder, in. the diference between ef==e=1theory
j 4,= length of cylinder between bufhe or and predicted instability stresses for fab-

lines of support with suf5cient stifness ricated shells (a, = a,c).;

Th" plasticity reduction factor.to act as bulkheads, in. Lines of support;

A X= wR wRwhich act as bulkheads include end stif-j
feners , "T~' Ej a cir-
cumferential line on an unstiffened head A,= the lowest multiples of the pebuckling
at one. third the depth of the head from stress states ej, and e, which cause
the head tangent line, a ctrcumferential linear bsfurcation buckling.'

;

line at point of embedment in or an- p= Poisson's ratio.

! chorage to a concrete foundation. and e,= e= lent ='=t membrane stress components
! the cylinder to head junction when the due to applied loads, psi. ,.

: head is designed in accordance with this !
e = theoretical elastic instability stresses, j
g

! Case for stiffened heads. ~ psi.

i L,= one. half of the sum of the distances 4, e.,=ampli6ed stress components to be used
i

! on either side of an end stisener, in. for clasne buckhng stress evaluation.
,

t,= rHa--~ in i daracuan terween lines of psi.
_

j support, in. A line of support includes = e, . IT/a,
; any inw u ie size stisening ring a,= amphnari stress components to be used

.

j

} which satisnes the requirements of this for i=1=== backhng stress evaluations, j

Case in addmon to the lines of support pai.
'

included in the c'^W2 forI,. = r.h),

t,= one. half of the sum of the distances /, e, ew=theorencal clastic h*=@hy stressa in
,

,

on either siide of an intermediate size the hoop diracuan for c !

external pressure, a. =ylinders understiffener, in.
0 and e. =

t ,= effective width of sheH seting with the 0.5 r., respectively, pai.
i

stiffener in the / direcuen, in.' e,= tabulated yield stress of material at De. ,

" 1.56 JTt tales otherwire noted. sign Temperature, psi. i

M*f/JRt *
~~

i

M,=/,i47 ~ p .T fCL
M= smaller of M. and M, m - WAl I \

m= number of half waves into which shell N E p.,ogc 2 4
will buckle in the mendianal daracuen.
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SEISMIC EVAIDATION OF EXISTING TANKS
ftEVISIGII8.0

gys,w,r5-A.' M 3
CHECKS NbDAdh8.1 , General Design Information on Existing Tanks

1
.

;

Design rules contained in ND-3800, " Design of Atmospheric Storage
Tanks", of Section III of the ASME Code (19) were used to requalify

;

! the PPMSTs. The input parameters are listed in Section 4.0 of this
- report. A schematic of the PPMST with key dimensions isillustrated in Figure 1.;

,

;

8 .,2 Weight Calculations
,

I.
(a) Roof (W,)

.

8 = Sin-E = 24.6243'48 (see Figure 1)

e
'

Af = 2x Rjsin9'd6 = 189,576 incha (R = Roof Radius =48')
.

F, = p,A t, = 0 . 2 83 * 189 , 57 6 * 0 . 2 5 = 13 , 413 Lbf '
|f

where $ is the angle measured' from the top of the roof,
A, is the total area of the roof plate, p, is the weight'
density of steel, and t,, is the roof thickness.

(b) Tank (W,)
'

'

0.1875 *240.75 +0.25 *71. 625 +0.3125 *95.625 = 0.227 8 inchg* * ,
408

W = p ,2 s R ,R 'em = 0.283 *2n *24 0 *4 08 *0.227 8 = 39,664 Lbfe

where R, is the radius of the tank, H' is the' height of'

the cylindrical part of the tank, and t is the averageo
plate thickness of the tank wall.

(c) Product (W,)
.

W, = yfzR*H = 0. 0361** *240 = 3 84 = 2,508,481 Lbf;

.'
s
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where Yf is the weight density of the content of the
! tank; and H=384 inches (2) is the maximum fluid level of

the tank.
[
I

.

8.3
Seismic Evaluation of the Existing Tank Design

j

j Effects due to both the CBE and DBE need to be addressedDesign
procedures provided by the Generic Implementation Procedure (GIF)

.

j

(17] for the DBE will be used to perform the earthquake evaluation!; of the PPMST.
| Terminology used in the following evaluation steps
! are all according to the GIP (17).

-

(Step 1) Input Data
!

From Design Input specified in Section 4.0 of this reporti R = 240 inches ,

i

t H' = 408 inches
,

3 tg = 0.1875 inches
i

t, = 0.3125 inches '

o
= 29,000 psi (SA-240, Type 304 at 120 'F (19])y

; h, = 12.75 inches,
.

E, = 28.03 x 10' psi (Table I-6.0, Austenitic,
120*F (19 ] )

'

;

V, = average shear wave velocity
1

4

The maximum operating tesperature of 120'F (2) was used
as the metal temperature of the tanks. The soil shear

f
wave velocity is intended for evaluating soil structure
interaction (SSI). However, the PPMSTs are inside a

{ building on a thick concrete foundation. Therefore, V,
will not be considered further (see Section 3.0).*

.

{ sH *T IW
! Tf = 0.0361 Ibf/in3

SWFFWMK __ g g [
{ H = 384 inches (1,2]

gg M-OSC-2 6 9
h, = 34.15 inches (see Figure 1),

j N = 36
g
gy# #. r/ A-- * gggf' /*/13

DATEhhhCHECM D '-,

; SZR-92-063, Rev. 0
8-2 L&C N f-SSSi f/N of 7'I;

4,
4
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; i

d = 1.5 inches (10]
t

q h, = 40.75 inches (10)
i !E

h = 29.28 x 10' psi (Table I-6.0, Carbon Steel,110'F)
! j

The maximum environment temperature of 110'F was used as the,

Ibolt temperature.

|

(Step 2] Parameters

H/R = 384/240 = 1.6
t,/R = 0. 3125/24 0 = 0. 0013i

t** = 0. 3125 *9 5. 6 25 +0. 2 5 *71. 6 2 5 +0.187 5 *24 0. 75
408 = 0.2278 inches

i
=

_0. 227 8 +0.1875 = 0. 2077i t = - *"g
2 inches2

g h ch /O f;'

t /R = 0.2077/240 = 0.000865g4

.

4 - *f a
.

**1 5a SUPPER WIT OM=
= 1.7671 inch 2

2 000 M-osc 2 di9
'

navmon-*

2 ," 22*240*28.03 = 0.044 inches
8Y #* # ~ G M * DATE k

.

CHECKED 3 6
-

;

OATEk
.

CS 0.044*12.75,~ e "

C,h "
3 0.3125*40.75 *, ~ ' #

s

W = 2Ra#yf = 2 *240a*384 *0. 0361 = 2,508,481 Lbf
!

The applicable ranges of parameters specified in Table
,

i
7-1 of the GIP (17) are satisfied, except for the t /Rratio, which falls below the 0.001 to 0.01 applicable

g

: range. However, it is judged, based on the trend from;

0.01 to 0.001, to be conservative to use the curves for
a

t /R=0.001 for the present evaluation.g

(Step 3) Tank Frequency
,

From Table 7-3 of the GIP (17] for R = 240" and R/R = 1.6,; F, = 7. 58 Hz
,
s '

SIR-92-063, Rety. 0 8-3
-

.
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Sheef /0 (3
5 cc t/ F. 5!s . /%/ c/ 3 '/-7 suusemany.-Cf Al /

CALCIIO M-Osc 2.6a
F,(s, f) = 7 58 * (28. 03/3 0) 8 5 = 7. 3 3 Hz
Period = '1/F, = 0.136 seconds E IMEI #M~ '

CHEC W Pd- DATE''/rol53
(Step 4) Spectra Acceleration

From the SONGS 2 & 3 seismic leading spectra (see Figures
2 and 3), it is found that, at 4% damping for DBE and 2%
damping for OBE,
S , = 1.15 g (DBE)

l

S,, = 0.75 g (OBE)

Thus, the DBE evaluation will be bounding, because'the
DBE load is 1.53 times (1.15/0.75 per (18)) the OBE load,
but the OBE buckling factor-of-safety is only 1.49 times
(2/1.34 per (18)) the DBE factor-of-safety.

(Step 5) Base Shear Load

From Figure 7-3 of the GIP (17), corresponding to H/R=1.6
.

and t,,/R=0.001,
Q#=0.71
Q = Q' W S,, = 0.71*2,508,481*1.15 = 2,048,175 Lbf

'

(Step 6) Base overturning Moment
From Figure 7-4 of the GIP (17), at H/R = 1.6,
M' = 0.345

<

M ='M' W H S,,= 0.345*2,508,481*384*1.15 = 382,172,097 in-Lbf

(Step 7) Bolt Tensile Capacity
L = 27.5 inches (11)
D = 1.5 inches (11],

From Table C.3-1 of the GIP (17),
P,,, = 50. 4 * (1. 5/1. 375) 2 = 59. 98 kips
V = 25. 25 * (1. 5/1. 375) 2 = 3 0. 05 kips
S ,,= 17.375*(1.5/1.375) = 19 inches
Itain = 13.75*(1.5/1.375) = 15 inches
E,,, = 12.125*(1.5/1.375) = 13.25 inches

SIR-92-063, Rev. 0 8-4
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Shec&,

_ t o 70f= 79
',

sumauer - /'r Al /
.2xR

S= _2x *243e
D **N- 36 *I"' N-

*

;

j .( = Radius of Bolt Circle = 243 inches
e e o- w w ,i

y.g| E = 22'6"-20'3"= 27" inches > E,,, [12) _

7

.

-

L * h'n
per [11), f', = 4000 psi > 3500 psi 1ccaf.su,Pte7or;hn:

P = P = 59.98 kips (No reduction factor is requiredatt

for f[=4,000 psi per [11) and Assumption (2) in Section
i

3.0 of this report)

V,g g = V = 3 0. 05 kips
P, = P,gt = 59,980 lbf
Fb= P/A, = 59,980/1.7671 = 33,943 psi;

i

Since, in the GIP [17), the base shear is assumed to be,

j taken by the friction force between.the tank bottom and
the foundation [25), the bolts are under pure tension.

i Thus, there is no need to check the shear-tension
,

interaction limits. *

'

[ Step 8) Top Plate (see Figure 4)
(0. 37 5 g-0. 22 d) P.,

; o=
1 fca

(0. 375 =2. 5-0. 22 *1. 5) *59,9 80,

4 0.9375*0.875a
j =. 50,765 psi
'I

t

; o>f = 35,680 psi (SA-36 material at 110*F [19]y
'
.

Thus, the design of the top plate 'of the anchor chair is,

i

j not adequate, and
4

F,=F( ) = 23,857 psi3
i ,

,~

.

i

i
i

a

|

SIR-92-063, Rev. 0 8-5
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1
'
.

(step 9) Tank Shell stress -

| enemmenamnet - (I Al ), .

.-

! cent 1- Dsc-24 91=
N- ~ .

0.177a c ey , -gy N M .r/.LLf' _ gig |
i

CHGCRED- b b~. 1
- h*hy{

i 0.177 *6. 5 =0. 25 ( _ 0. 25
-

ya y
i V240*0.3125 0.3125 $jf7, f og= 0.979
h S cc N f-srs, Plc P of 279
~

:

i
;

|
1
:
j , , fg g 1.32:

._0.031){ c,a 1.43ab8
; + (4 ah 8T1/3 bRCs

, 59,980*2.6875
g 1.32*0.979{ 0.3125 0.031

i 1.43 *6 . 5 *12.7 5: + (4 e6. 5 *12.75a} a/a
._

)1

240*0.3125 V240*0.3125= 64,647 psi'

j
. .

i

|
,

i
i

; o>f
i, y

!
;

F, = F, (f/c) = 33,943*(29,000/64,647) ='15,227 psii
.

1

; [ step 10) vertical stiffener PlateI
r

i

X = (i.5+1.25)/2 = 2 SM 6 inches
.

t.

!

3 . 2.1.1 2 2 = 5 . 7 5
*

i 0.5
,

I

i

i 95 95
$ =15.90,

Vf/1000 35,680y
i, i 1,000i

.

' /
; -

.

j SIR-92-063, m . 0
8-6
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4

r - r& Ii

mm H-Dsc-24 9
i k 95

RE M ONY p 1ooo gy "-"- ri-A ' m lsiv,u

.

CHECKID Yd DATE ''!b!"!
t

0. 04 th-c) = 0.04 * (12. 75-0.875) = 0.475
'

inches N /O
Icc N ! .555 Pic9 :n{- 279$ > o.44 th-c)

59,980=
2kj 2*3.375*0.5 =17,772 pai < 21,000 psii

!

!

The vertical stiffener plate design is adequate.i

[ Step 11) Chair-to-Tank Weld (see Figure 4)
4

i

) F"'= P 1 *

.
% ( a+2h ) 2+ ( ah+0.667ba):,

| 1 2.6875=59,980s$
( 6. 5 +2 *12. 7 5 ) 8 + ( 6.S*12.75+0.667*12.75:):'

= 2,055 IAf/. inch

i
i

i .

30600b = 30600* 0.25
'

= 54 09 > W"; 4 4
!
;

j Therefore, the design of the chair-to-tank weld is
'

adequate.
>

[ Step 12) Elephant Foot Buckling Pressure,

From Figure 7-7 of the GIP (17], at S,, = 1.15g and H/R = 1.6,;

P', = 2. 83 6
P, = P', yf R = 2.836 *0.0361 240 = 24.57 psi

- The above P, value can also be derived by Eq. (2-20) of
; Reference 25. -

:

!

/

:
'

SIR-92-063, Rev. 0 8-7
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f u a f.S/S, l'!!o ei.E7'7, _,

:

84Eustemr

ceno M 4 7ose-2 JT-
'

'

[ Step 13) Elephant Foot Buckling Stress g (* R 240) 81~ '' gyA'-/*.400C' 400*0.3125 -- N4

cacao ~>~*- 0 2M3
o"= 0.6E* [1-( P,R ) 2) [1 1.12 +S,15 ) ( 1+c/36000 ),y ff7' 7 j Q

-

1 5 y-

R/ C, cC',

ys S +1
I 1

-

,0.6*23.03*10[gy_(29000*0.3125))gg,24.57*240 '' *1240/0.3125 1.12+1.9215)g )j = 8,66 8 psi 1.92+1
i,

*

[ Step 14] Diamond-Shape Buckling Pressure

From Figure 7-9 of the GIP [17], corresponding to H/R=1.6
and S.,=1.15,
P'd = 2. 063

P, = P', yf R = 2. 063 *0. 0361 *240 = 17. 87 psi
Similarly, the P value can also,be obtained with Eq (2-d

20) of (25).

[ Step 15] Diamond-Shape Buckling Stress

" * "
16 ) 0.3125 *

y = 1 - 0.73 (1-e 4) = 1 - 0.7 3 (1-e-1.732) = 0.399
From Figure 7-11 of the GIP [17],
Ay = 0.15

E'
g = (0.6Y+A ) R/4o V

= (0.6 *0.399 +0.15) 28.0
/0.3125

= 14,212 psi

'
.

SIR-92-063, Rev. 0 8-8
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T tc d T a s , P/!! <F 3-
1

1

!

(Step 16) Allowable Buckling Stress:
:

( o, = 0.72 [ Min (c ,, og) ] = 0.72*8,668 = 6,241 psi! -

4

SdI ||-): (Step 17] Bending Moment capacity'

sunnemy. - CC.A.
i
'

The weak link is in ductile failure. ~

MWWOII
y M." -z~/ 4 ~ y /u)93U

* ) = ( 6 ', 2 )(4 ) =0.12 OECIlm-- d' EMUW!Idb
( )( #.

5

From Figure 7-12 of the GIP [17), corresponding to c'=0.0458,
i

j M' , = 0.1

,

Therefore,

M, 2= M'e , (2F ) (R t,) (h/h,)en b
2= 0.1*2*15,227 *240 *0.3125* (40.75/12.75)

*

= 175,200,071 in-Lbf
.

*
!

i

[ Step 18] Check Buckling Moment
M>M,

.

en
2

Therefore, the tank is an outlier per the GIP [17].

[ Step 19] Shear Imad Capacity
Q, = 0.55 (1-0.21S,,) W

= 0.55*(1-0.21*1.15)*2,508,481
1 = 1,046,476 lbf

[ Step 20) Check Shear Load
.

Q > Qcar

Therefore, the tank is an outlier per the GIP [17]..

.

[ Step 21] Slosh Meight

i

.'; ,

,

i SIR-92-063, Rev. 0 8-9
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ZC& N f-Sff, PU: cf 3 \
G btCh ||.

g - [.f. N !i F, = -1. 84ptanh ( l' 8'N) H-OSC 2 4 9MIGO
j REVW0001 1.84*3_86.4

tanh ( 1. 84 *384 ) gy e-*' l'/- A '
DME2fh .

,

j 22h 240 240
! j& DME'b'#3 'i
; = 0.2732 Rz ;,
', '

;

}
(

;

Sloshing Period = 1/0.2732 = 3.66 seconds
{ S , = 1.5 g at 0.5% damping per Figure 2

h, = 0. 8 37 R S, = 0. 8 3 7 *24 0*1. 5 = 3 01. 32 inches |:

:

[ Step 22] Check Sloshing Height |
,

-

h, > h, (= 34.15 inches)
Therefore, the tank is an outlier per the GIP [17].

1

1'
|

!

| |
'

|

!

,

,

i

i

;
.

:

i
;
;

4 .

i
!

i

j

i
4

;; .

i

: -

/
4 e

4

,
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! fEVMION9.0 Evaluation of Modified Tanks
1 -

gy.d"d** M A * OM"Nn'

CHECKED II -
DATEhdj 9.1 Proposed Modification to the cylindrical T a

.

The seismic evaluation presented in Section s.3,

{ indicates that the PPMSTs in SONGS-2&3
of this report

do not meet the GIP (17]| seismic requirements.
{ As shown in Steps 18, 20, and 22 of Section

6.3,
the existing PPMST design does not provide enough resistance

{ in bending buckling, shear failure, and water sloshing. As!
illustrated in Figure 5, it is proposed that (1) the existing PPMST

f be reinforced with thirty-six equally spaced vertical stringers of
{ either the same material as the shall (SA-240, Type 304) or SA-36
{ carbon steel, (2) a circumferential ring (SA-240, Type 304 or SA-
!

36) be added to cap the tops of the vertical stringers, (3) thirty-
four additional anchor bolts (A-307 or equivalent) of 1 inches:

"

j
or greater in diameter be added, and (4) the existing anchor chairs

j be removed and replaced with a ring-type chair around the
{ circumference of the tank. , It is recommended that the same
j

material, SA-36, be used for the top plate and stiffener plates of
j the ring-type anchor chair, and the top plate thickness be
{ increased from the existing 0.875 inches to at least 1.125 inches.
{- It is also recommended that the thickness of the stiffener plates
{ of the chair be increased from the existing 1/2 inch to 3/4 inches.
*

The stringers should be 1.375 inches thick, 5 inches wide, and 58
| inches high. To accommodate for the size of concrete drilling
{ tools, it is recommended that the additional new bolts be placed at
j

3.6875 inches radially from the tank shell outer surface, which is
i 1 inch farther out radially than the existing bolts.1 The design;

for the velds between the tank shell and the chair top-plate, the
| chair top-plate and the vertical stiffener plates, and the
{ stiffener plate to tank bottom should be the same as the existing

welds. The details of other components and associated velding are
! shown in Figure 5. In addition, it is also recommended.per SectionI

10.4 that a pad plate of the dimensions shown in Table 10-1 be
i.

|
j SIR-92-063, Rev. O 9-1
:-
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i
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i

i

added to the man-hole penetration to meet the AaME Code ND 333;

requirements (see section 10.4 of this report for details)i 2.2-

!

{
.

9.2

Seismic Evaluation of the Reinforced Tank.

. .

;

Except for Steps 14 and 15,
which are.not directly applicable totanks with

j reinforcement stringers, the !

provided by the GIP (17) will be used to evaluate the rei fevaluation proceduresi tanks.
The reinforcement stringers were smeared into an equival

1 n orced
{

shell thickness and the evaluation of Steps 14 and 15 of thent
*

was performed on the smeared-tank shell. e GIP
,

4

1 (Step 1) Input Data i

;

The cross-sectional area of the stringers (6.875 inchto be considered and smeared into an equivalent shell
3es ) has

i

thickness. The effective increase in shell thickness is 01* 1~ . 639inches (-
i 0. * 0.1639) rom a tension stress point oi.*

'

j
view or 0.1676

inches from a o' ending stress point of viewI

I as

5 *1. 375 (242. 5 *Kla (5*+10**1) ] a(-. '

3 = 0.1676 ) .

stringer size of 5"x1", is used in the analysis. Conservatively, smaller seeared thickness of 0.1194, corresponding to
'

;

j

From the Design Input specified in Section 4.0 of this repo tI r,
f

i R = 240 inches.

,
4

E' = 408 inehma snr ny1

t , = 0.1875 inahamw 6'.

t, = 0.3125 inahm.
! CAIA110 M-O sMW

t , = Adjusted Tank Shell Thickness N;

= (0.3125+0.1439) = 0. 4764 inches y */ M - El-& ~~ g ylo/t]
ey = 29,000 poi m _ 7|C. gng Yt&Vf

9

|

| $cCN f-5G, PN+ n' ? 7'I
4

'

SIR"92-043, Rev. 0,
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.

'

-

h, = 12.75 inches
E, = 28.03 x 10' psi

v, = average shear wave velocity of soil (will not be used)
yf = 0.0361 Lbf/in3
H = 384 inches
h, = 34.15 inches (see Figure 1)
N = 70

d = 1.5 inches (existing bolts)
d = 1.875 inches (new bolts)
h[= 40.75 inches
% = 29.28 x 10' psi (also assumed for new anchor bolts)

[ Step 2) Parameters

H/R = 384/240 = 1.6
tgR = 0.4764/240 = 0.0020

, 0.3125 *95.6 25 +0.25 *71.6 25 +0.1875 4240.75 +0.1194 *72 =0.2488 inch
.

g
408

C.,+ Cm, 0. 24 8 8 +0.187 5 -of , = 0.2182 inches2 2

t f/R = 0.2182/240 = 0.00091 3 H T / / 5'
d 2

4' = *4
= w*1.5 g -- 6 M I= 1.7671 incht4

,

gg M-Dsc-2 69
A" = x*1.8758 = 2. 7612 in84 (new boles)

u/p/gg .

NS DATdII$ }$b
4

36A|, + 34A*u CHECKED
= 2.250 in8i 70 - --

.Tc4N f-56S, Pt/Sef & 7'l
G'

t' = # = 70*2.250*29.28
2xRE, 2x *24 0 *2 8. 03 = 0.109 inches

0.109*12.75c' = * = = 0 .10 91t,b3 0.3125*40.75

.'.

SIR-92-063, Rev. 0 9-3
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1

|

|

W = sRalffs = s*240 *384 *0.0361 = 2,508,481 Ibf8

|

The applicable ranges of parameters specified in Table'7'

!

1 of the GIP [17) are satisfied, -

ratio, which falls below the 0.001except for the t /R
;

g

range. to 0.01 applicable
[ However, it is conservative to use the curves for

t /R=0.001 for the present evaluation.g
}
:

!'
[ Step 3) Tank Frequencyi

From Table 7-3 of the GIP (17),
F, = 7. 58 Hz for R=240" and H/R = 1.6,

;

F,(s, f) = 7. 58* (28. 03/30) o.5 = 7. 33 HzI

Period = 1/F, = 0.136 seconds
L

i

t'

The additional stringers will likely increase the tanki

stiffness and thus its natural frequency.j But, using the
lower frequency of the existing tank will result in ai

higher spectrum acceleration and, thus, a higher and more!

conservative overturning moment and shear load.'

'
.

[ Step 4) Spectra Acceleration
i

From the SONGS 2 & 3 seismic loading spectra (see Figures>

2 and 3), it is found that, at 4% dampingr 0 PI llb
:
.

Sg,= 1.15 g (DBE) s.
,

# a mo-

Sg = 0.75 g (OBE) .- m _WeM|
i

NNOM -Os c _2.6 4
_-

i

[ Step 5) Base Shear Load MMSION;

.

gy #- # E/4* !MTE"h*If3'From Figure 7-3 of the GIP (17),
.

Q'=0.71 CECKED U d - DATd D'
', Q = Q' W Sg = C.71*2,508,481*1.15 = 2,048,175 Ibf;

''

;
[ Step 6) overturnitr Noment and Shear at Different Imvels.

!
From Attachment A of this report:

:
i ,

;
~4

.
. .'

?

j SIR-92-063, Rev. 0 9-4
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Zcc t) f-sir. ~ii 7 a &7-7 S E* QN
ll]

'

-

ammaa -cri I '

|
_ cuenoM-osc-269
0 .119 -0. 4 82 2 +0. 49 8 ( ): NM = W-H S.,

h H gyy-A1.ct& yj,jg
Q = W 6*,,

(0.7048 - 0.87 {}

where y is the vertical distance from the bottom of the
tank as illustrated in Figure 1.

Thus, the bending moments and shear at levels A, A', B,
and C (Figure 1) are as follows:

'

Level y y/H M Q(in) (in-Lbf) (Lbf)A 0.000 0.000 382,172,097* 2,048,175*A'# 72.000 0.1875 237,927,613 1,562,599B 95.625 0.249 191,414,070 1,408,191C 167.250 0.436 65,682,921 938,929
*

| Set to previous value for consistency. Mrcentageof the difference is negligible (<0.01%)|
# .A' is at the end of the vertical stringers. ~

[ Step 7] Bolt Tensile CapacityI

i

L = 27.5 inches (same as the Section 8.3 value)
D = 1.5 inches (existing bolts)
D = 1.875 inches (new bolts)
From Table C.3-1 of the GIP [17],

, .

P", = 50. 4* (1.875/1.375) 2 = 93. 72 kips (new bolts)
P', = 50. 4* (1.5/1. 375) 2 = 59. 98 kips (existing bolts)

3 6 P "' + 3 4 P"P= " #'70

V", = 25. 25* (1. 875/1. 3 75) 2 = 4 6. 95 kips (new bolts)
|

v', = 25. 25* (1.5/1. 375) 2 = 3 0. 05 kips (existing bolts)
V ,= Average Nominal Shear Strength of the Bolts

3 6 V + 3 4 V h'= = 38. 2 59 kips

:

.
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S,,,= 17.375*[(1.875+1.5)/2]/1.375 = 21 inches
4,,="13.75*((1.875+1.5)/2]/1.375 17 inches=

E,,, = 12.125* ( (1. 875+1.5)/2]/1.375 = 15 inches
l

S= ** 3=

21.2 inches > S , (72 is used for72 g

the spacing of most bolts. !,
The total number of bolts isonly 70.)

E = 22'6"-20'4"= 26" inches > E , (12]g
L > 4,3 i

f', = 4,000 psi > 3,500 psi
; P = P , = 76.368 kipsgg

V "Y = 38.259 kipset a
!P, = Pgg = 76,368 Lbf

Fb = P/Ab= 76,368/2.25 = 33,941 psi
For new expansion anchor bolts, capabilities must equal
the values shown above.

TCC f) f-565, r' :; & ? Eb?5 '

[ Step 8) Top Plate (see Figures 4 and 5) N ll
_pg[ \- _ - - _ - -

(0. 37 59-0. 22 d) pa. u M-DSC-249
fc* t

._(0.375*2.5-0.22*1.5)*76,368 N
0.9375*1.1252 gy #-M E/ & DAFE"//#/f/

= 39,100 psi
EMED I 6.' m'[g ;

|

c, > f = 35,680 psi (SA-36 material at 110'F)y

F, = P ( ) = 33,491* (35,6 80/39,100) = 30,562 psib

|

[ Step 9] Tank Shell Stress

For the ring-type chair, the equivalent dimens, ion for "a"
is 20.94 inches ( 2 *z *240 ) ,

,
,

SIR-92-063, Rev. 0 9-6
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~

i

"

th= 0.25 inches (3]
<

- 1
i #" II0

0.177ac g sqh
; f C

CALCNO M - D SC- 2 49
a

;
l'.

Revmow-

0.177*20.94*0.25 0.25
,

I g 0.3125):q g p. pf ,
v240*0.3125,

= 0.936 _ 44rg"/h/c/3
-N g'g3i

i

i

| Pe 1.32zu,, g 0.031)t ,a 1.43aha
_;

i . {f ,) tf3 ,

. R C,
i ,76368*2.6875
! g_ 1.32*0.936 0.0310.31258 1.43*20.94*12.758 ).
4

' 240*0.3125 + (4 *2 0. 9 4 =12. 7 58) 1/3 V240*0.3125
= 36,77 0 psi (at existing bolts),

.

f
Pe,, g 1.32zu

0.031); C,2 1.43aha
.{f ,) 3,3 g

i R C,'
,76368*3.6875,

g 1.32*0.936j 0.3125 1.43*20.94*12.75a )
0.031.

240*0.3125 + (4 *2 0. 9 4 *12.7 58) t/3 y240*0.3125,

| = 50,452 psi (ac new bolts)
:

!
4

Both a are calculated conservatively based on the original shell
, thickness in lieu of the smeared shell thickness.!

!
,

{' a > f =29,000 ' psiy

f F, = F (f/ c) = 33,941*(29,000/50,646) = 19,509 psih

:
i

[ Step 10] Vertical Stiffener Plate (see Figure 4)
3

1 *

k, (5.5+1.25) /2 =4.5
-

j 0.75

4
4

'

SIR-92-063, Rev. 0 9-7
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| .Tcct/ E 565. */?: c f 3 ,7'I
c M r. I t o

95 95
._

yr/1000
_ ,13,99 gigppgggg y , & |, _ _

y 35,680 CALCII0 M-O SC-2 4 9'

$ 1,000
'

REMSION.*

_. ,

sy''' ' C-MaarEEMfl.
'

3
'

CHEQQED- b - DaTE'[[d*M[~

'

g$ ]Z/1000
95 :

'

!
.

!
y

)
,

:

0.04(h-c) = 0. 04 * (12. 75-1.125) = 0.465 inches
j j > 0.04 (h -c)

2$j " 2 *3 75*0.75" ,08 Psi < 21,000 psi,

e'

:

j Thus, the vertical stiffener plate design is adequate.

[ Step 11] Cnair-to-Tank Wald.

i
i

1 *W* = P
% ( a+2h) *+ ( ah+0.667ha ) *i

1
=76, 36 8 *$ ( 20. 94 +2 *12.75 ) 8+ ( l'

*

| 20.94*12.75+0.667*12.752= 1,733 Laffin (at existing bolts)
-

J

:
1 *

'

W* = P% ( a+2h) 2+( ah+0.667h*)8
1

=76,368*$
( 20.94 +2 *12.75 ) 8+ ( 2 0. 9 4 *12.7 5 +0. 6 67 *12.7 5a ) *

'

I

= 1,807 Laf/im (ae new bolts)
,

30,600b = 30,600* 0.25i

= 5,4 09 Lbf/in > W,i 4 4.

4

Thus, the chair-to-tank weld design is adequate.;

!

.'.

.

! SIR-92-063, Rev. 0 9-8'
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|

[ Step 12) Elephant Foot Buckling Pressure
From Figure.7-7 of the GIP [17), at Sj

f g = 1.15g and H/R = 1.6,P', = 2. 8 (calculated per Eq. (2-20) of [25))
P, = P', yf R = 2. 8 *0.0361*240 = 24. 26 psi

similarly, the elephant foot buckling pressure for higherI

elevations of the tank can be calculated by subtracting,

i the hydrostatic head from the above pressure:
;

f

} Level y y/H P,i
3 (in) (nsi)

|cr ?) ffry - < .. g j y .. A 0.000 0.000 24.26i
.

) A' 72.000 0.1875 21.66
!; B 95.625 0.249 20.81 m ~CC M i

C 167.250 0.436 18.22 CA14900 M-D5C-249
1
4

! [ Step 13) Elephant Foot Buckling Stress gy##*O M IMrE7#/U
REVW0tt

! R 240, g, ,-
t =1.26 '

j 400c,, 400*0.4764

:

0 'E [1-( P/ ) ) gy. 1.12 +Sf *5 ) g 3 +o /36,000
e 1 Se,= yR/ t,, cty se S '1z'

e

1.26 + 29!
2_U . 6 *2 8. 03 *10' gg. ( 29000 0 .4764) )g1, {

24.26*240 1 361 240/0.4764 *
1.12 +1. 261.s 1.26+1! = 15,191 psi

!
4

'

The adjusted shell thickness of 0.4764 inches is used ini

! the above calculations. Similarly, the elephant-foot
buckling stresses at higher elevations are as follows:

i

i
!
:

*
.

!

:
4

SIR-92-063, Rev. 0 9-9.
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;

i
-

.
"

I
i.

Level,

y
t, S,j ,

* e,*

: .
_ rin) fin); (esi)A 0.000 ~0.4764 1.26{ 15,191(a)4' 72.000 0.3125 1.92{ 9,944 (b)B 95.625 0 2500 2.40{ 6,485(b)C 167.250 0.1875 3.20:

3,543(b)! (a) smeared thickness was usedi (b)'

actual shall thickness were used
(Step 14) Diamond-Shape Buckling Pressure

;
\

{ From Figure 7-9 of the GIP (17), corresponding to H/R=1 6
-

and 5 ,=1.15, !.

j
P', = 2. 063 {

'

# !!

P, = P , Y A = 2. 063 *0. 0361*240 = 17. 87 paii f
i

Similarly, the diamond-shape buckling pressure at higher
elevations are as follows:

I
3 Level y y/H P,

fin) .

|
(nsi)

A 0.000 0.000 17.87! .

A' 72.000 0.1875 15.27
8 95.425 0.249 14.42| C 167.250 0.436 11.83a,

i

(Step 15] Diamond-Shape Buckling stress
;

!
'

!

The GIP procedure along with the equivalent thick t! ,was used
for the evaluation of fluid level A, while Code case N-284 was

!

|
r.

used for eva.luating higher elevations.i

i $ = 1 E = 1.40 g, t 1,7
: M

_-
-- - Cf Al I! m . .

a

) gg M- 0 sc- 26 #1y = 1-0.73 (1-e4) = 0.449
_ ~~ -

! From Figure 7-11 of the GIP (17), 37 #~ N ''A DM ##M
*

.

!
Ay = 0.12

NMDM-

8,g = (0.67 + Ay) = 21,680 psi (Levu2 A) 'I c c a f 5 ( 5 , F / J z e / 2 7

SIR-92-0M , Rev. 0
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This number is less than the 35,110 pai solution obtained
{ according to code case N-284 (See Attachment 8) . From Attachment

y is 13,548 psi at Level B and 12,328 at Level C.
B, a

1

I
!
<

[ step 16) Allowable Buckling stress
| i

!
,

o, = 0.72 [ Min (o ,, og)) = 0.72*15,191 = 10,938 pai
.

Similarly, the allowable buckling stresses at higher1

i
elevations are as follows:

!

|
1
!

Level y y/H o,!
'

i (in) (esi)
A 0.000 0.000 10,938I

! A' 72.000 0.1875 7,160
{

'

B 95.625 0.249 4,957
, c 167.250 0.436 2,551

.

i
'

t
t

i

! S tt T. iz 3
[ Step 17) Buckling Bending Moment capacity -- - --

'-MNi
I

,

cagggg N-DSc-249! The weak link is in ductile failure. m
A* 10,938 12.75(.".s) (%) . ( 19,509 ) ( 40.75 )j F, = 0 .17 * E

i gggg. 76, m'hf3
j From Figure 7-12 of the GIP [17),
| M ' g,, = 0.13 ycq pjK l'Md c'# 379

.

I

!
: Therefore,
; M, = M'a, (2F,) (R t ) (h/h,)3

an
J

= 0 13*2*19,509*240 *0. 4764 * (40.75/12.75)24

j = 444,856,583 in-Lbf
'

f .

!

i
j

j SIR-92-063, Rev. 0 9-11
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:

<

capacities at higher elevations are simply g = o,*z*R**c and
3
:

-

are tabulated as follows
I

| .

Level
'

y y/H M
I y
i fini (in-Lbf)

A 0.000 0.000 444,856,583'

A' 72.000 0.1875 404,888,461
i _ ggyB 95.625 0.249 224,249,397

OPZ 79!
:

17; - -C4NI :C 167.250 0.436 86,553,391
-

3 g ,

,

; [ Step 18) Check Buckling Moment
p. ,g 4 ,,

.

cascuo R- od/3
.

j b > 1.17N
7(cy p gg ,o y, , ; _ , gt

,

!; where M is the overturing moment calculated in (Step 6) ~

'
. of this section. Therefore, the modified tank will not,
'

buckle in either elephant-foot mode or diamond-shape
i

mode.

(Step 19] Shear Load Capacity,

It is assumed that the ancher bolts also transfer shear:
Q, = 0. 55* (1-0. 21*S ,) *W + 70 *V,g g/2,

= 0. 55* (1-0.21*1.15) *2,508,4 81 + 3 5*38,259
= 2,385,541 lbf

The nuaLar 35 (=70/2) is used in the above equation
because the shear is distributed sinusoidally around the

!
- circumference of the tank and the total shear capacity of

the bolts is the total number of bolts , times bolt
capacity V,gg divided by two. V,g g is calculated in (Step
7) of this section.

i

; SIR-92-063', Rev. 0 9-12



_ . . _ . .. . _-.

_
1

'

(Step 20) Check Shear Load
,

,

b > 1.16
. O
i

| where Q is the shear force calculated in (Step 6) of this
section. Therefore, the modified tank will not fail due to

,

shear. Since part of the shear load is now taken by the
bolts, it is necessary to check the shear-tension interaction
limits per Figuro C.3-2 of the GIP (17) .,

Both the tensile andi
shear loads distribute sinusoidally around the circumference

{ of the tank. It is required by the GIP (17] that
|

(P# ) s 1. 0 Y,1f
V , s 0.3ay
a

. # Y
| ( P,,, ) + 1. 4 3 ( V , ) s 1. 4 3

-

,if 1 > -
V , > 0.3a a

!
'

where P =PJimo, V = V Cose and 6 is the azimuth anglem

around the circumference of the tank. For the SONGS-2&3
PPMSTs,

p, = .2g , 2 *3 82,172,097 = 45,497 LBfNR 70*240

0-0.55*(1-0.21Su) WV=
35 = 28,620 Lbf

where the overturing moment M and the shear force Q are
calculated in (Step 6] of this section. Therefore, as
illustrated in Figure 14, the bolts satisfy the GIP

shear-tension interaction limits (see C.3.7 of the GIP) .

5ttT l 2 7

m -tra I
.,, -esc-2 c4

.

REMSION
gy N A1 -[/.lb ogg /l*/13U.

CHECKED .DME #I''! .'9'

.' 3.ccN { Sli, ?!:S ci bl'l,
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- SPtT- l h //
Z 71[ Step 21) Slosh Height

j . mnn m- osc- 2 & cf
j y, . 3*\ ^4GtW l'84#) REVISION

1 1.8

\ R
y x A - c i- 6 oj g

| - ,1 ~;;" <eanne ~;,3~> _ n. au,
: = 0.2732 Rz

! Tcc!J |-fli, fill cf .2 7 /5
i

! Sloshing Period = 1/0.2732 = 3.66 seconds
i S = 1.5 g at 0.5% damping per Figure 2

h, = 0. 837 R S = 0. 837*24 0*1.5 = 301. 32 inches
,

!

.[ Step 22) Check Sloshing Height
h, > h,

Therefore, during a DBE event, some of the water in the
modified tank might slosh up and exert an additional up-
lift pressure on the roof. However, as shown in Section

-

10.0 of this report, the roof design as well as the tank-
to-roof welds both meet ASME requirements to withstand
the additional internal pressure. The shallower than
required free board is likely to restrain the sloshing
water from its first mode sloshing and reduce the- overall
overturning moment. The total uplift force due to the
closhing water is 560,144 Lbf, or 8,002 Lbf per bolt,
according to the calculation described Section 10.3. As
shown in Figure 14, bolts with the additional 8,002 Lbf
tensile load will still satisfy the GIP shear-tension
interaction limits calculated in Step 20.

.

.

.

.'
e
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10.0 Qualification to.AsME Code Design Rules
'
.

gy g # C/ A 04rt M*MIhi
_.

.

cHacgge %6" _ o A rg M' /4 g
In addition to the seismic requirements disetaI

P __; i.,;m im, ;.e,
the 'PMSTs must also meet all ASME Code requirements

.

10.1 Tank Shell Design
;

;

Per ND-3324.3(c), which is referred to by ND-3842, the minimu
shell thickness should be determined by: m tank

.

"
SE - .6P

1

;

where P is the Design Pressure, R (240 inches) is the inside radius
of the tank, s (18,000 psi) is the maximum allowable stress of the
tank material at the Design Temperatura per Code Table I 7 2
E (0.85) is the joint efficiency. . , and

The joint efficiency is at 0.85
because the original API standards, API-620 and API-650, required

;

only spot examination of the tank welds. Thus, according to ND-
3352 of the ASME Code, the joint afficiency should be 0 85 SinceP=0.0361*h

psi, where h is the distance in inches from fluid
, . .

surface as illustrated in Figure 1 minus 12" (ND-3841(a)), the
minimum tank wall thickness at different levels of the tank can be! calculated by:

,

0.0361*h*240,
,

18,000 *0. 85 - 0. 6 *0. 0361*h
*
.

Thus, at level.s A, B, and C (see Figure 1),the following minimum
thic W aam are required:

,

d

Level h (inch) t,,(inch) tm (inch)
C 216.75 0.123 0.18758 288.375 0.1633 0.25A 384.0 0.218 0.3125

.

SIR-92-063, Rev. 0 10-1
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i

,

;

Thefore, existing ' tank shall thicknesses of the PPMST at SONGS,
;

! Units 2 5 3' satisfy the ASME Code minimum wall thickness! requirements.,

( .

i, .

.

e

10.2 Botton Design;

|
,

\ The existing bottom plate thickness of 0.25 inches satisfies the
{ ND-3831 requirement.

Since the PPMSTs were built to the standards) of API-90, the existing foundation satisfies all the coderequirements in ND-3831. The existing tank bottom design also
{ satisfies the requirements on method of construction (ND-3832) but
{ does ngt satisfy the shell-to-bottom attachment (ND-3833)

requirements, as a full penetration weld is required.
-

:
4

; 10.3 Roof Design
'

t
1

i Per ASME Section III, ND-3856.2, (i) the radius of curvature
;

of the roof must be within the Code specified range, (ii) the
roof plate thickness must be within the range specified by the
code, and (iii) the cross-sectional area of the top angle, in
square inches must be greater than the code minimum value
calculated by the code.

3ccN f.Stf , fli:F cf 2 79 '
^ R =. Radius of Curvature of Roof = 48 feet IN

tn Plate Thickness = 0.25 inches q _ -- ( f j Q f
D = Tank Diameter = 40 Ft

CALCNOMM.(91.2D a R > 0.8D REVISION -

0.5 inches > t > (R/200)=(48/200)=0.24 M #~U M _ DATE'l//83
DR , 40*48 "N M ND,

= 1. 2 8 inch a1500 1500
- - - -

' _

A = cross-sectional area of the top angle,
= 2.52- (2.5-5/16) 2 = 1.46 inchest (2)

Therefore, all the, requirements specified in ND-3856, "Snif-

SIR-92-063, Rev. 0 10-2
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!
I

.

i
!

Supported Dome and Umbrella Roofs", are satisfied.;
~

,

{ In addition,
the roof has to withstand the additional internal

pressure caused by the water sloshing (see (step 22) of section
j

j 9.2).
The vertical force exerted by the sloshing water would be{

,

the sloshing mass
i (a, in Attachment A) times the maximum vertical

acceleration (0.77g for DB2 per (14] and 0.5g for OBE per (16)) .{ The horizontal force due to the sloshing water would be water;

density times the volume under the roof and above the vertical .

,

!'
;

shall times the maximum horizontal acceleration (1.15g for DBE and |
! 0.75g for OBE) . |

.

i

f
FV, = 0.29*2,508,481*0.77 = 560,144 Ibf

i

FV , = 0.29*2,508,481*0.50 = 363,730 Ihfa
'

From Figure 1,
the volume between the roof and the verticali

|shall can be calculated asi
'

.

34.s 4 *

Volume = [ sR) Sin'4d>

= z *5763 * (-0.75Cos$+ _0.25 Cbs3$) |$'***''' 4 g y y,= 4,814,637 inches 3
sensus, -cN l -

;cmgen? - O sc .269 -
FHg= 0.0361*4,814,637*1.15 = 199,880 Ihf

REVWOII-
1 -

__iFHg = 0.0361*4,814,637*0.75 = 130,356 Ihf
S M ' ^ U d ' DEFE b
CHECNB 3 E ' _ DEFE'hjThe total force exerted on the roof is simply 4= :Z: 2 t: -- }horizontal and the vertical forces. Thus, !

Fm = $94,738 Ibf
1F = 386,383 Ibf )
'

.

Stresses at the tank-to-roof weld is the above . forces divided by j
2*Rtw ,,,where tw =0.1326 inches (4). That is, i

(
,
.

.' I

|
SIR-92-063, Rev. 0 10-3 !
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7 cc N 7-5/5, P/pe er 379

E d I 2*5 240 0.1326
' " ##I'

' d" '

2Ex 240 O.1326 '' ##*

Both stressins are auch smaller than the allowable values (35,680
psi for DBE and 19,624 for OBE) per ND-3821.5 of the ASME Code.

The equivalent pressure due to the sloshing water is the total
.

force divided by zR where R is tank radius (3.29 ' psi for DBE and '

8 |

2.14 psi for OBE), and the additional membrane stress caused by the
pressure is simply ** *2xRC' *** (" * " * *

'

Thus, the additional membrane stresses due to the sloshing water
are 7,580 psi for DBE and 4,931 psi for OBE, which are much smaller,

than. the cod <a allowable values of 35,680 psi for DBE and 19,624 psi
for OBE per ND-3821.5.

Therefore, the existing roof design including the tank-to-roof
junction weld is strong enough to withstand the additional pressure,

caused by the sloshing vster.

10.4 Rein!!orcement of Shell Nozzles

As shown in Figure 6, the reinforcement requirements for the
nozzles, including the manhole, per ASME Code ND-3332.2 are

d = Nozzle Inside Diameter
t, = Minimum Tank Wall Thickness per Section 10.1

Pr
t,, = SK+0 4P M T- '35

i

t, = nominal nozzle wall thickness N ~OCb !
A, = d t, F CALC NO " ~D SD
F = 1.O REVISION -

A = Area Available = A +A BY 'g 2

4 ,, d (t-t,) WN N'

*
1

.

SIR-92-'363, Rev. O 10-4
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d*N 13) m _-UNI;

Icen F.us, PSI of 3 7'I
cm ,,n _m _ o s e - 2c 9

( flEVWOff--
A2 = d*t,* (t,-t,) EN ' 6 O M NU

{ A>A, CHEQWD b YDM /h_i where all the quantities in the A. 1wul.wiwo
} u.

{
according to those provided in ND-3335.1 of the ASME Code.
The above reinforcement requirements for the PPMSTs were

i

checked and is summarized in Table 10-1. As shown in Table! 10-1, all nozzles except for the 24-inch manhole satisfy the
{ ASME Code reinforcement requirements. It is recommended that,

as illustrated in the last row of Table 10-1 and the figure
)
'

below Table 10-1, a 1/4 inch thick annular pad plate be welded
to the tank shell around the man hole. The recommended width! of the annular pad plate is 6 inches or wider.

i

{ 10.5 Code Stress Limits of Tank Shells
,
I

; Per ' ND-3821. 5, stresses in the PPMSTs under various loading
conditions must satisfy different stress limits. Per Eq (2.13) of;

j [25), the maximum equivalent pressure at different elevations can.

j be calculated as follows:
i-

1 -

! Desicm condition
1

Level y ,P c%* cm **:

(in) (esi) (esi) (nsi)
A 0.000 13.86 10,644 17,840

.

i
A' 72.000 11.26 8,648 17,840

i
B 95.625 10.41 9,994 17,840a

; C 167.250 7.82 10,010 17,840

!
a

* ow= , where R=240 inches is tank radius, and
1'

t is tank shell thickness given by [3].
** S=17,840 psi is the allowable general

membrane stress for Design condition
loading at the design temperature of

1

i '
, '

,. *
,

! -

SIR-92-063', Rev. 0 10-5
<

'

Mm
,



--.-_ . -. . - - . - . . . - . - - -.- _- _ ._.

5 beeb /; & suppigsgr -
S

1 ccN f f/S,, Ph 2 si2 7-7 cucgggH-DSC~Zb9
m /*rAl 1180*F per (193
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Tb _OW3 Im
nan

Level y P, ow* og2 ,**
(in) (esi) (esi) (nsi)

A 0.000 20.84 16,005 19,624
A' 72.000 18.24 14,008 19,624
B 95.625 17.39 16,694 19,624,

C 167.250 14.80 18,944 19,624

PJ , where R and t are radius and thickness* o% =
.

of the vessel, respectively.
** 1.1S=19,624 psi is the allowable membrane

plus bending stress for Service Level 3
loading at the maximum operating
temperature of 120*F. *

DEL

Level y P, "ow* og2 ,**

(in) (esi) (esii (esi)
A O.000 24.57 18,870 35,680

4

A' 72.000 21.97 16,873 35,680
B 95.625 21.12 20,361 35,680
C 167.250 18.53 23,718 35,680

o% = PJ , where R and t are radius and thickness*
g

of the vessel, respectively.
** 25=35,680 psi is the allowable membrane

plus bending stress for Service Level D
loading at the maximum operating
temperatur's of 120'F.

.

.s
,
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J

] Therefore,
the modified tank satisfies all the ASME Code stress! lia'it requirements.

,

i

] 10.'6 Strength of Bolts
1

| .

l

The bolts have been shown to be adequate to withstand the1

j DBE
loading in Step 7 of the GIP (17) evaluation in Section 9.2.

{ OBE loading, For
t

!

} M, = 0. 34 5 W H S,, = 0. 3 45 *2,508,481*384 *0. 75
!
! = 249,242,672 in-Lbf
i
1

j

i

V
= 0. 704 8 W S,, = 0.7048 *2,508,481*0. 75 = 1,325,983 Ibf

4

The above two equations are identical to those for the overturing
soment M and shear force Q at fluid level y=0 in Attachment A of this

j report. Thus, the maximum bolt tensile stress o,, due to thej overturning bending moment is
a

!
1

{ ,**"" , M 2 Mm , 2 *249,242,672 = 13,187 pal
.

[ A RRA, 70*240*2.253'
.

!
;

t -

] In the abova equation, the maximum bolt force F is calculatedi
i based on Eq. (16) in page 23-7 of (27) . The above bolt tensile|

stress is less than the allowable value of 20,000 pai specified byj the AISC [26). The shear force is assumed to be taken by thej
frction force between the tank botton and the concrete as well asj the bolts. The mairi= = shear stress in the bolts is

i
i
,), suPREWK ~
: egge M-O sc-26 9 6/tT. /33
, _ _ _ _ _ _ er g t
t

yk+ - f I-fb--yM/w/9'?
q hb - _ Yl'|

, -
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i

i 3.ccN f Eff,flShsi 279
j,

!

V, _ . - 0,55 (1-0.21S ) Fg
; "*"

; N A /23
!, __1,325,983-0.55*(1-0.21*0.75)*2,508,481| '

i 70*2.25/2= 2,07 8 psi
-

The second term in the numerator of the above equation is the i

!

friction force between the tank bottom and the concrete per the GIP1

!

(17) and the factor od 1/2 in the denominator is to account for thef sinusoidal shear stress distribution. The bolt shear stress is;

less than the allowable value of 10,000 psi specified by the AISCI

!- (26).
'
i

!

To check the tension / shear interaction limits, the following linear
>

1

i curve is checked
SN -

|
mgg H -DCC-24 of $HTI

G
. ,; y m fCMJe t

! 8 a22 Ta22 gy e, * - e /-A- sung "/ M S1:

m T-f,. ggg N j
1 '

j Since o, = o,,, sino and v = x , cose , where 8 is the azimuth angle
around the circumference of the tank, the above linear shear-

-

| tension interaction limits are satisfied.
I.

i

I
i

!.
10.7 Code Stress Limits of Ring-Type Anchor Chair

j'
'

As shown in Step 8 and Step 10 in Section 9.2, the maximum stress;
I

i in the top plate and stiffener plates of the ring-type anchor chair
!

are, respectively, 39,100 psi and 15,085 psi under the DBE loading,I
:

f
which are less than the allowable value of 42,816 psi (= 2.4S = 2. 4
* 17,840 at 120*F per (19)) for the Service Imvel D loading.t̂

Similarly, under OBE, the pulling force at the anchor bolts due to
j

the overturning moment is simply 29,671 Lbf (o ,anx $"8 ,anx*A =13,187A1 c c b
j psi *2.25 inches ) . With the same equation used in Step 8 of Sectiont

.

!

'
4

I
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i 4 .

! -

otT.i3{
N~

j 9.2,
C41,C N0_M -D E C -2. 6 9

i amamew Fr A/ /
| ,, (0. 37 59-0.22d) P syA'-+- ri 1 g_w//,jyy i7
{ fcz

CHECK m % C- gpe,(0.375*2.5-0.22*1.5)*29,671 3.

: 0.~9375*1.05a
-

,

= 17,439 psi ICC N P- SGT F 135 oF27fC
,

. .

,

This stress is less than the allowable value of 29,436 psi (= 1.65S
= 1.65*17,840 at the maximum operating temperature of 120'F) per; ASME Code ND-3821.5.

<

| |
-

I<

|
4

.

A

.

*

.

!

|

i
l

/
-

.
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e

Table 10-1 Reinforcement Requirement of Tank Nozzles
,

i

i

4

.i

1 Table 1b1 h Reguiremense of Tank Penseremone
i

| Nome C d at y P tr En A1 A2 A Areq A>AreqOnepee) Oneheel Snohool 5e0 Onchee) Onohoe) in't in't in't in*2, 3.A 24.000 0.4N 27.800 12.87 0J02 0.0106 2.88 0.83 3.50 4.45 No3-C 3.438 0.337 9.000 13.44 OJ12 0.0000 OJS 0.08 0.es 0.31 Yes4-C 2.333 0.279 SJ78 13.87 OJIS 0.0013 OJB 0.30 0.01 0.80 Yes1 4-E 1.8m 0.218 0.000 13.05 0J14 0.0011 0.10 0.,34 0.43 0.42 Yes! 4-F 1.9N 0218 S.750 13.N 0.214 0.0011 0.10 024 0.43 0.42 Yes; 4-G 3.838 0.337 S.478 13.88 0214 0.0000 0.5 0.88 0 94 0.82 Yes. 3-A * 24.000 0.438 27.800 12.87 OJ02 0.0108 2.85 3.33 0.Se 4.88 Yee
!

t
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11.0 Reconciliation with 1989 Edition ASME Code~ M

gy M 57-A- .

CNBCNB 1 DME'[g
_ggg'11.1 Material

4t1i

j

This section discusses ASME Code ND-2000 versus API-650
_

; These two codes are , Section 2.-

! very similar in the material requirements
) except that the ASME ND-2000 calls for CMTR's.

Since the PPMSTs
! were built with ASME materials (except for the anchor bolt chairs
i which will be replaced with new anchor bolt ,

material) chairs of an ASME
f and all the CMTR's are still recoverable, the ND-2000

requirements on materials can be considered satisfied.;

I
.

11.2 Design
i

:

This section discusses the differences between ASME ND-3000 and API-650, Section1
i

3. As discussed in Chapter 2 of this report, except for tank shell buckling andi

!
water sloshing height. the existing PPMS tank design seets all ND-3000

-

i

j requirements.
A tank design modification is described in Chapter 2 of this !

!

j
report, and it is shown in Chapter 4 that the modified PPMS tank meets the shell !

{ buckling requirement.
|

It is also shown in Chapter 10 of this report that

although water might slosh against the roof, the existing roof design is adequate
to withstand the additional internal pressure caused by sloshing.

I
!

; 11.3
I Fabrication and Installation'

!
! This section 41=====

the differences between ASME ND-4000| andAPI-650, Sections 4 and 5.
The two codes are quite. compatible onj fabrication and installation. One major difference is thej

roundness requirements 'specified in ND-4220. According to a!

roundness measurement recently performed by SCE,1

all PPMSTs at1

' SONGS-2&3. are in' full compliance with W-4220.un
-

we
7/a.2/43

!

|
1 SIR-92-063, Rev. 0
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! 11.4 Exasination ,,,g /uje5r

! cHemne EC-
Ofel b< \

and' API-650 Standard.This section discusses the difference between the ASME C
i

i i

i \

is consistentAPI-650 requires that the tanks be inspected bode, Subsection NS-5000radiography which!

efficiency o,f 0.85, except for some differences as explaiwith ASME ND-5000 for welds with joint! y spotAppendix A.

Therefore, the PPMS tanks should be exasined pened in Attachment 0 of
i

exasination has beeni
,

given in Appendix E. performed for T-056; results are documented in QC reports
ir ND-5000. This\

11.5 Testing
4

:

i The testing requirements specified in ASMEsection 5.0 , ND-4000 and API-650,are very similar. Therefore,
{ testing the tanks can be viewed to be satisfied fthe requirements

~

on
tank.

the testing procedures provided by ASME ND-6000 mBowever, after the recommended reinforcement of the tanks
or the existingi

! i,

before the tank is certified and used again ust be followedi
.

!
.

\

; 11.6
|

overpressure Protection
.

I
;

{ ASME Code ND-7000 discusses rules and requirements f
protection, while the API-650 Code does not have any requi

or overpressure
{ in this area.

Since the PPMST's are designed and operated
rements '

!

atmospheric pressure, no overpressure protection is requiredate

i ASME Code. The existing la per
f

(3) are adequate for maintaining the tanks at atmospherivent (3-D in (3)) and 6" vent (4-H inj

Therefore, the PPMST's are in full compliance with ASME C
c pressure.

\ this area. ode in
!
,

! '11.7 Welding!
! .

!

According to section 7.0 of the API-650 Code, all weldij
done according to ASMB Code section IX. ng must be

i Therefore, the FPMST's are
in full compliance with the ASME Code requiremente i
It ~is worth noting that,

although the welding procedure and
n this area.

j

{
implementation satisfy the ASME Code requiremente

> . the welds may not, as pointed out in section 10.2 , the design of
, .

i

{ s2R-92-063, Rev. 0; 11-2
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i
<

i
i
'

11.8 Stamping

Rules' on stamping per ASME Code, ND-8000 and API-650, Section 8 arei obviously not the same.
It is reconmended that SCE requalify its:

tanks as ASME Section III, Class 3 tanks by implementing theI

j
procedures specified in Appendix B of NBIC [21).

}
!
1

!
!
!
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Attachment A
i -

I

overturning Moments and Shears at Various Liquid Imvels; i
!

'

;

The overturning moment and shear calculated per the GIP (17) ar1

the maximum values at the bottom of the tank.
e,

} The analysis method
j developed by Haroun (20) was used to compute overturning moments
! and shears at higher elevations of the tank,
4

i '

H/R = 384/240 = 1.6s
;i

j h=t \

! g = 0.2077 inches (see Step 2 of Section 8.3)
h/R = 0.2077/240 = 0.000865I

I

i From the referenced paper, $tt'T 10
i
1
. --

SNk, M-osc-264CN,C NOya, 1.849tanh 1.84K GSMWII " '
1. 4*386.4 1.84*384 SY E#'*

240 240
! = 2.94C (rad /sec) 8 08C335- DM.
,

'

! rec d F-565'

:

P i 5~7 o P P-71-
i

, e, = 1.716 rad /sec, T, = = 3.66 seconds.

s
i

,

;

In addition, the following quantities can be obtained from Figures
(

7 and 8,1Which are extracted from Haroun's paper (20)::
'
,

i

o #
i.

$
= 0. 09f

i
!

l
4
'

.-
3 -.
4
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4
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,

l SUPPu!MEfft
~

; b = 0.71 W 000 ? - C-4 $m
9,,,,,,,, (p g |

;

! 8vF M ri-A m !W Ov

j CHEQWD b #' _DATEI*N}m8
= 0.29 /

m

T~ecN P-s67
<

.; .

[5 8 C V- 2 9]
V

ii
,' ' y

_f = 0.47H.

1

1

H
: --.I = 0 . 414
i, R
.

-
+

t

i

H* = 0.69-.

H
,

i
I

|
2

j Thus,

;

,

0.09 Ei

1 e# =
j H $ p,
!

i = 0.09 28.03*10'*386.4a

; 384 1 0.283
= 45.77 rad /seci

|
4

*

*,

T, = = 0.137 secondsi U; t
4

, .'' .

4
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4

)
-- 6 /rT. / 5~T

. , -

suppususNr -.

cue no _M-Osc-26 ct
noenn W N I

From the DBE spectrum shown in Figure 2 (a): \

gy we.I/-A. g 8%./ pfi '

CHECIED I 6' DME"I/O
.

,

S,, = 1.15 g
_

i

TC C rd i -56S
P IS9 oP 279; S, = 0. 75 g = 0. 65 S,,

(set to achieve the GIP (17] moment):

b = 1 g = 0.87 S,,
!

j

i
From the model shown in Figure 9, it can be shown that,
at

a distance y from the tank bottom, the overturning
4 moment and shear are:!

i

4

M = / (m, (H,-y) Sul 3+ (m (H -y) Su) 2 +1(m,(H,-y) -m (H -y) ) Gf f f f:

g =HmS 0.119 - 0.482 + 0.498 ( )g

The above equation is the same as the first equation in page 205 of
(20] by Haroun except that the moment arms H,, H,, and H, areajusted to reflect higher fluid levels.

Similarly,

V = / (m,S ) 2 + (m Sf g) 2 + [ (m,-m ) (] 8 - m{(f

(0.7048-0.87{} m S
=

u

This equation is simply the last equation in page.203 of (20] less
the product of the fluid mass between the bottom and the level and
the acceration.

.
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*

| * Attachment 8s

i
Diamond-Shape Buckling Stress Limits t

I

| \
-

.

B.1 Perform Stress Analysis (Step 1 of CC N-284)
4

1

04 = axial stress
-

i
y, y

S W T. / G O.
. = +
; 2sRC zRag
i

! N '

-

{ CEC 85 H - o s c -2 4 9

| m C C_Al I
oo = Hoop stress = *

SY '''^^ ' OS -|MEE"A" i; e

i e,.e, sc. om%43
I
4

1

s , = sheer stress = g TCcts P-565 '

e
-

2xRC
7 ((o o F 2-711

! Where P is the pressure calculated in Step 14f 4
of Section! 9.2.

t
4

f

j B.2 Determine Stress Components o (Step 2 of CC N-284)! g

i

I

(a) Level A (see Figure 1 for definition)
39664 382,172,097,* ,

2n =240*0.3125 , z e240a*0.3125 = 6,843 pai (compression)

o, = 1 .8 *240 = 13,724 pai (tension)

8
4e " 2s*2 0*0 3125 Psi @ M= ,

where 39,664 Lbs is the weight of the tank g calculated in Section
8.1 of this report, 382,172,097 in-Lbf is the overtaring moment M
calculated in (step 6) of section 9.2 of this report, 2,048,175 is
the shear force Q calculated in (Step 6) of section 9.2 of this

SIR-92-063, Rev. O B-1
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: i

Ii -

!
,

i

report, . and 17.47 psi is the diamond shape buckling pressure!
1. calculated in (Step 13] of Section 9.2 of this report.
- (b) Level B (see Figure 1 for definition)i

} 39664 191,639,921j ,+ , ,
. 2x *24 0 *0. 25 ze240a*0.25 = 4,342 psi (compression)

**

Ce = = 13,843 psi (tension)0.25
1

8M " 2x* 0* 25 ,735 Psi (shear)=

j vhere definitions of the numbers in the above equations, namely
{ 39,664, 191,639,921, 1,408,191, and 14.42, are similar to those
'

for Level A.
:

J

; (c) Level C (see Figure 1 for definition)4

k 39664 65,682,921
; o, = .

2 x *24 0 * 0 .187 5 x *24 02 * 0.187 5 .= 2,077 psi (compression),

;

'

i Us =
O . 875 15,142 psi (tension)

,

i 'M * Psi (shead2x*2 0 0 1875 ,

! where definitions of the numbers in the above equations,I: namely
;

39,664, 65,682,921, 940,067, and 11.83, are similar to those for
f Level A.
! t, tt.~i". / I. /
i '

-

B.3 Factor of Safety (Step 3 of CC N-284)
; FS = 1.34 for DEE 8. p y - 26 9

______g
FS = 2.0 for OBE

|
[ p ;p. gy p . m p/9u

m J.1 a=1di

B.4 Capacity Reduction Factors (Step 4 of CC N-284)
.

; .recol ' F- 565j (a) Level A
t f [6 I o F 277

-

s 14 = 72 inches
i.
,

;
1 *

4

j SIR-92-063, Rev. O B-2
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d

i

\
x . 2**240 = 41. 89 inches; 36 SM- IS V

| __*

! 4 = 72 /V240 *0. 3125 = 8. 31 SUPPLEMENT
~

! m g M-DSC-269
i

4 = 41. 89//240 *0.3125 = 4. 84 -- . ecgg I ;-- ---
4

: M = Min (4,M)= 4.84 gyw x- n-L. M"hof7y
CHECKED I'i gygg'L4yo 826j ag = g, =0.321

j h c4 F-sgr:

| au = 0. 8 P 16 2. oF279
! l c = 41' 89 *0.3125 = 6.54 inch 2a

i

g = 1. 323 -0. 218LoF .
= 1. 323 -0. 218Logi' O . 3125

a
3 *

*

i

*
.

:

l iAssume that the cross sectional area of the stringer is I,

greater than or equal to 5 inch ,2 1

i

!

I. b 5 = 0.765=
! lge 6.54
i
~

ag = 0.72.

j
-

ag = 0. 8

| m = 1. 323 - 0. 218 Lo7 o (R/ c) = 0. 6 94a
2

1

i

(b) Level B
; 14 = 408 inches
j 4 = 2s*240 = 1,508 inches
i

j 4 = 408/V240*0.25 = 52.7
i
; 4 = 1508/V240*0.25 = 195
i .

1 M = Min (4,4)= 52.7
i

: ag=ag = 0.207
|

-

4 ag = ag = 0 8
I l

'

|-

.

j SIR-92-063, Rev. O B-3
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i
i

:
i a,,3 = 1. 323 -0. 218Logio = 1.323-0.2184ogio- 240 = 0.673

0.25
,

'

(c) Level C !

14 = 408 inchesi

; 1, = 2 x * 2 4 0 = 1, 5 08 inches 4 WT. ] 63
!

! N, = 408/V240 0.187 5 = 6 0. 8
| SUPPLEMENT I-

'

CALC NO M-DSC-2 5 7
mismay CCA l:

i N, = 1508/v240 *0.1875 = 225
8Y #~#~ U- M OME"!'IU

-

CHECKED 5- DMEI*/4'-
.

; M = Min (N,,N,) = 60. 8 ,

rec tJ F- 5 65'. a,g = ag = 0. 2 07'

P
a,g = s , = 0 . 8 16s o F 2.77o,

i
:

ag = 1.323-0.218 Log 2a R = 1. 323-0.218Logio 240
= 0.646

!
'

It is worth noting that the roundness requirements on the
tank shell, ND-4220 of the ASME Code are implicit in the; ,

calculations of all the above reduction factors. Since
i

; the PPMST's were built originally according to API-620
and API-650 rules which did not have such roundness

I requirements, checks on roundness of the tanks per ASME,'

Section III, ND-4220 might be necessary to justify
; accepting evaluation results by code case N-284.
I
~

. B.5 Plasticity Reduction Factors (Step 5 of CC N-284)
) .Since DBE loading is a Level D service loading, the factor of
j safety FS is 1.34 per the Code case N-284.
4

| 'e FS , 6 843 *1. 34
= 0. 31 < 0. 55o 30,000, f

#,
,

1

; fle " l
f

-
, .

4

4
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l

!

i
i N

caggwH-Dsc -2 69 Sn|48e F8 , 10646*1.34
i *r 30*000 = 0.4 8 < 0.67 T~ T '

-

y M . A . r t. & y />*/vn
:

; M _T* L n '|h |4 %
i Me * 1 -

I o= t4 F-565j
. P [69 oP 27j

B.6 Calculate Amplified Stresses (Step 6 of CC N-284)

(a) Level A,

;

##op = o, , = 6843 * 0.321 = 28,528 psi (in compression)
)

.

a , = o, ,## = 13724 * l 3'y,, = 22,988 psi (in tension)

T,,, = x,, ,## = 4,346 * 1 3';
, = 8,393 psi (in shear)

!

|

(b) Inval B
.

##op = o, , = 4342 * -0.207 = 28,108 psi (in compression)
'

:
!

I ##
o,, = 0 = 13 8 4 3 * 1 * 3 '

. sg 0.8 = 23,187 psi (in tension);

1

, Tee, = T., = 3,7 35 * 1 * 3'
, 7 = 7,437 psi (in stiear)

:

4

j (c) Level C
i

4

; op = o, s = 2077 * 1 3'
i

g 0.207 = 13,445 psi (in compression)
!

}
j o , = o, sg = 15142 * 1' 3' = 25,363 psi (in tension)s

0.8

# = 3,325 * 1 * 3ty, = tp g = 6,897 - psi (in shear)

!

!
;

j
! SIR-92-063, Rev. O B-5
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1 g
- - - NTT 14 [

j I
SUPPLEMENT ~

B.7 Plasticity Effects (Step 7 of CC N-284) CALC NO M-OSC-24 9
.

o ,, = o ,/n , o ,,s
,__

- f_C}} }
o,, = o,,/ q, = o,, BY # *# ' Mb tygy "A */f?
, ,, CHECKED- % gM3E'N"/4)

i TccM W-5GSP lGF
B.8 Determine Evaluation Approach (Step 8 of CC N-284) o P z79|

,'

! Article-1700, By Formula, of Code case N-284 will be used
i

to evaluate the reinforced PPMST. It is worth noting
that the stresses calculated in Step 13 of this section
are the maximum axial stress at a certain liquid level of

) the tank. Stresses at a higher elevations and other
j

azimuth angles around the circumference are lower than;;
*I'

! the maximum values. However, the maximum stresses
)i calculated in Step 13 are used conservatively for the

|{ evaluation in lieu of the average stresses within ai

meridional distance of /F6 permitted by Article-1711 of;

; the Code Case,

i

; B.9 Determine Allowable (Step 9 of CC N-284)
i

!

! o ,,3 = (C, +4 C,)

o,e,z = (Cp +AC )g
d

:

i AC, , AC, are included to adjust for internal pressure.
It is specifically stated in Article-1500 of the Code
Case that "The influence of internal pressure on a shell;

structure may reduce the initial imperfections and
,

, therefore . higher values of capacity reduction factors may
I be acceptable." Similarly, the latest AWWA Standard for

Welded Steel Tanks for Water Storage (24) also allows the
.

.
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!,
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1
.

!
adjustment for internal pressure.

i

(a) Imvel A 4tj T )(,6
,

-

3 62 +0.0253M SUPM.EMEfffi C,
""=

g M_pfc-249
3.62 +0.0253 *2.49: M NI=

| 2.49:
| = 0.74 gyp,+ . nw g"hW7
I g, 4/,3 ,
: t,

- ee N p_s gs-
. A C, = A c, = 0.35 * 0 * 74 = 1. 02 f l66 o P 2fre/g, 55

i
1

j . c,. - 4 [4.a2 (1+0. 0239u2) 2/2+3.62 (5) 2], . # |a

!. 2. 49, [4. s2 (1+0. 0239 *2.49 )1/2+3.62 ( 21.54 ) ) )
1=

3

1 = 0.962 72-

i
i

'

:
'
;

In the above equations, the coefficients C, and AC, are
.

j
. elastic buckling coefficient and buckling coefficient!

increment due to internal pressure defined by Baker, et1

j al (22,23), and are calculated as follows
;

!

i b= 2p ,41,9 , jng3,,!
1, 36

; a/b = 72/41.9 = 1.7 > 0.51
.

| Z=M
' Q =240*0.3125

41*I
V1 -0 . 3 3 =2 2 . 3j RC

4

i 2(3): . 17.87 240
28.03x208 ( 0.3125 ): = 0.3762 e "

-

!
1
i
~

From Figures 10 and 11, which are extracted from Figures
;
;

i
I 10-2 and 10-3 of Baker, et al, (22),
i C,= 0.255 '

; AC, = 0.35
!' ,-

j .- SIR-92-063, itev. O B-7.
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{ It should be noted that the buckling coefficient C givby Baker, et al (22,23) is}
, en

corresponding to a 90percentile failure of the4

| actual test data while the
f N-284 buckling coefficient C, is corresponding to a

higher theoretical buckling strength.
The compound

much

1 coefficient C,sg=0.125 is
corresponding to the lower

} hound of test data and is certainly lower than the 90%
failure coefficient (0.255). A c, is the bucklingi

'

coefficient increment due to internal pressure defined by
i

: Baker, et a1 (22,231
'

i
'

o, = (0.74+1.02)*28.3*10'*0.3125/240 = 64,235 psi
!

09, = 80,860 psi (see Appendix C for details)i

o ter = 0.962 *28. 03 *10 *0.3125/240 = 3 5.116t 8

1 psi psi
+

; Therefore,
.

.

Ces < 'eet.
9

84e < 'ser
c,g, < eg

i

The reinforced PPMST will not buckle due to the DBE loadsat level A.*

.

stet. ( 6 7
(b') Level B.,

I

SUPMBENT ~~ '
C, = 0. 6 05

CALC NO M~ # ~ 7

A q = A C,f* = 0.16 * ,0 805 = 0 . 7 0 m r t' A. I
, 3, sy ^ ^ ''*

'""E"## /##
g A- _ narg''[MI1

-

C, = 0.744 = 0.103:

i
p

sccts F-sGT
f (67 oG 2.n 1A C, = 0

*0.27 = 0.361 (from Figures 10-4 and 10-6 of (22))i
0.

,

-i
;

3
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i

In the above equations, the coefficients C, and AC, are'

calculated per Baker, et al, [22,33), as follows
4

; b = 2xR = 1,508 inches 4 ff'T /$ 8i

R/t = 240/0.25 = 960 I

IS'JME ~
--

0.23C, = = 0.139 (from Figure 12) NE ~ ~

j V3 (1-0. 33) qC Al /4

. gy ?h. r/-& M"/IC/k
'

P 14.42 240}(R *
=0.mC 28.03x20' O.25 am_R DATEb .

; A C, = 0.16 (from Figure 13) D
[6K o F 27q

,

>

j Again, the buckling coefficient C, given by Baker, et al
; (12,13] is corresponding to a 90 percentile failure of

'

the actual test data while the N-284 buckling coefficientC '

' 4

is corresponding to a much higher theoretical buckling
,

j strength. The compound coefficient C,a,3=0.125 is.

corresponding to the lower bound of test data and is.

. certainly lower than the 90% failure coefficient (0.139) .
The A C, factor is used to adjust for benefits due to,

f internal pres'sure.
2

I
. c ,,3 = (0.60S+0.70) *28.14 *10'=0.25/240 = 38,620 psi

op 3 = (0.103 +0.361) *28. 03 *10'*0.25/240 = 13 Ed R psi

i
'

Therafore,
i
.

!

'es < het.

,

! c , < o .t
.y p .

:

The reinforced PPMST will not buckle due to the DBE loads
#

.

.

.
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1

at level B. 6WT /49
| .

' ~-

SUPPLEMENT(c) Level C M_ Orc _ sc q
'

| C, = 0. 6 05 C.C.N f
'

g
N*M2BY #'# MM DATEA C, = A C,3 = 0.18 0 6 05 = 0. 9 0 g ef, jg

0.746Cp= = 0. 096 N- ~

N P |6Ci o P- 274
A C., = 96 *0.35 = 0.467 (from Figures 10-4 and 10-6 of (22])

|

In the above equations, the coefficients C, and A C, are
calculated per Baker, et al, (12,13), as follows,

i
b = 2xR = 1,508 inches,

i R/t = 240/0.1875 = 1280
0.20C, = = 0.121 (from Figure 12); V3 (1-0. 32) .

1

!

! P 11 83 240
E( R)2 5(0.1875)2

, = 0.692C 28.03xlO

A C, = 0.18 (from Figure 13)
|

Again, the buckling coefficient C, given by Baker, et al
l [12,13) is corresponding to a 90 percentile failure of

the actual test data while the N-284 buckling coefficientC,
is corresponding to a much higher theoretical buckling

|. strength. The compound coefficient C,sg=0.125 is

corresponding to the lower bound of test data and is

certainly lower than the 90% failure coefficient (0.139) .
The A C, factor is used to adjust for benefits due to
internal pressure.

.
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. _

og = (0.605+0.90) *28.03 *10**0.1875/240 = 33,404 psi

op.c = (0.096 +0.467) *28. 03 *10'*0.1875/240 = 12 128 psi

! Therefore,

%<Om
C@s < CHet

|.' The reinforced PPMST will not buckle due to the DBE loads
at level C.

|

Stt$ l')O

SUPPLEMENT
~

ya M-OSC 2.69
m ct Al I
gy p. m. [/- H y gg 'llo|97,I

CHECKED ' DATE 7.}
.

recN P-565
P 170 o P 2 79

.

.

'

.

!

.
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Attachment C

calculation of Stringer Buckling Stress

Equations . contained in, Article-1712.2.2
of ASME Code C;

vere used to compute stringer buckling stress. ase N-284

case page is included in the next page for reference.A copy of the code
iterations, it was found that the minimum stringer bu kliAfter many,

c ng stress
1

Ow = 80,860 psi
i

\ occur at n=1 and n=16.
Computer outputs for the cases of (a,n)=! (1,16), (1,15), (1,17), (2,15), and (2,16) are attached.

,,

1

|

!

1 sitt. i~71 -

I

SUPMAMelf -

:
gg M-DJC . 2.6 9

,

gy s-u - thA.: ggg"/g/91
CHECKED W - DMEM)

.
,

1
' * *

F 17/ o P z 77

i
. .

i
a

4

4

4

.
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- |);

CASE (3cntinued) I

cAsrs or AsME BoII.ER AND PRESSL*RE YESSEI. CODE
N-284 ,

/*

-1712.2.2
| Cylindrical Shens - Stringer Sds. where

emed or Ring and Stringer Stisened

The theoretical clastic buckhng stresses for both d " " #* * #='

stringe: buckhng and general instability are given by2

the equations which follow. Stringer buckhng is defined
2+G.,(*Lf

*
as the buckhng between rings of the stringer and at.

An = E,,
.'

tached plate and general instability is defined as the
a

6
D buckhng mode in which the rings and attached plate d""#* mr " # " "me . 4.- a'

g deform radially. Z~~ I ^ #* I +(od The elastic buckling stress is denoted e where lis
XI "I" ht)
E, 2C, f ab

j UQ the stress direenan andfis the buckhng mode;f = S
g

L

i Oo for stringer buckhng and] = G for general instability.
.

The string bucklmg stress is determined by letung A u = (E., + G., *U )
.'#

d
the cylinder length equal the ring spacing, L = t.,

.
/

[ 2 { and the general instability stress by lettmg L = 4,.Au = A +Ch
j,

{

%[ 1tions are those which mrmmm eThe values of m and a to use in the following equa.
f.

w where m 21 and Au = E., me) + C
mv

g-c n > 2. The followmg values are to be used for / and
} gl O' hen / < l. or I,, < /,, set p = 0.'

Ra) Axial Compnssion E.= 1 p' (t, +b##
E, =

=4.
S::. t, t p.

,

:

II ,z = ,, e-J'p (e) + ? -M 4),
-- . = < . u. a ,n w

,,, ,.y In. n.r.4-
t, = 1.9tQ (1 - if /, > !.288tQ 12 (1 p

.

: | H N t,

6h b f *'
EP (f.\ .#'"12(1 p%El~[n. nd,

|{
'

g 2' wlari I.*

3 OBk ti,= N G*

fS A U E E 6 (1 p ) + 6 '* + '.") a J, G_J
,,

3Q= t. I, t, t.:s g >E # a *** 2
-

;
#sm

!
e, = U*'* c, = U***

m o
For stringer buckling: t, t,

.

;
/ = S J, = I, = /, = 0, ta = r. I = I, (b) ExternalPnsrurr

: Stringer Buckling (/ = S)f

;
:

~

For general instability:

= a . s- - ,.

J = G.L = Laj4

la = 1,,

'

See 1521(a)(1) for a.c and the equatior, below for
!
]

r, When t,, < /,, the values for e.,, must be
.

determmed by iteration since the effective width is a A, = I, = /, = 0, t, = c L = /.j

function of the buckhng stress.3

.

General Instability (/ = G).

dn+(A,&v-A,&22L +(A,Ja-A' ,)u\ ,
'

d dn-d'a I" \ A Wm-d'n [" #'* = 1.56 fit but noc srester than t.
i

ry=

(& ,_ - ,,1, = t,. SIR-92-063, Rev. O
._
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1.

n= 1 Sig$ej= 80860.38 Tn= 16 Q= 29.36504alpha $G= 0.402 sq(E/Sy)=30.56686Sig-y= 30000 1.288tQ= 11.81942
t= 0.3125 R= 240E= 28030000 Nu= 0.3 G= 10780769L$= 408 IQ= 167.6 Lj = 167.6Le$= 408 LeQ= 17.03931z$= 2.8125 zQ= 1A$= 6.875 AQ= 0I$= 10.417 IQ= 0J$= 20.834 JQ= 0t$= 0.353520 tQ= 0.3125 t$Q= 0.333010ES= 2128409. EQ= 9625686.ESQ= 2887706. G$Q= 3711504.D$= 10845225 DQ= 78334.03DSQ= 1447543.

CS= 3233808. CQ=A11= 17243.41 0 i

A22= 44084.90
A33= 172.2553
A12= 3608.590
A23= 2673.801
A13= 246.8350

SWT 17 D

SUPPLEMENT -

CALC NO "-# i '..

m CrN N |

$ -> h gy w.M v-& DME #N2!
g*O CHECKED N ' YS3iDATE

TCc ba F-565
P l73 oF M 4/

SIR '2-063, Rev. O
C-3
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1

1,

'
. mm 1 Sig$ej= 81040.48! n= 15 Q= 29.33239alpha $G= 0.402

.
.sq(E/Sy)=30.56686; Sig-y= 30000 1.288tQ= 11.80628.

t= 0.3125 R= 240E= 28030000 Nu= 0.3 G=
'

. LS= 408 LQ= 167.6 10780769j Le$= 408 LeQ= 17.02081
Lj = 167.6; z$= 2.8125 IQ= 1A$= 6.875 AQ= 0; IS= 10.417 IQ= 0J$= 20.834 JQ= 0

.

t$= 0.353520 tQ= 0.3125 tSQ= 0.333010ES= 2127346. EQ= 9625686.
,

i ESQ= 2887706. GSQ= 3711132.i D$= 10845216 DQ= 78334.03DSQ= 1447537.,

C$= 3233808. CQ= 0
<

i A11= 15244.07
} A22= 38904.28
1 A33= 171.6335
l A12= 3383.053'

A23= 2506.689,

j A13= 246.8350
:
:
E

$/tT 17 Y
:

| | SUPPLEMENT
-

! CALC NO M-O L 149
n anesq m. f C. N t

; BY # *#+ I'-M DATE "!'#I##2
i CHECKED T4 DMTC'? *IS ')
i

'

;

: rce (4 F= - s 6 s-i

P r79 o F 2 7 fI
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Attachment Di

Examination Reconciliation withi the ASME Code
)

'

! Examination of tank shell weldin
the 1989 ASIE Code. Section III.g by spot radiography is acceptable by both

Table 1 gives a comparison between the requirements of the CodeSubsection ND, and API Standard 650, 5th.
Edit'sn.

the Standard showing the areas of agreement between them and thedifferences. and

examination and the. acceptability criteria for crowns and undercutsThese differences are pertain mainly to the number of spots f
main

or
.

.

4

:

i Table 1
Comparison Between API-650 ASME Code

\
.

API-650
Cracks ASME Section ND

Unacceptable.
Unacceptable.

4

,

<2/3T 0.K.;

}
<2/3T o,x.

; Inclusinn & 3/4" Max.
3/4" Max.j Indications

t

'

<1/4" 0.K.
,

<1/4' O.K.N'
Combined length ofj ggg M - orc.269 several inclusionst

Same.
--

! w CfAlI <T in 67 length. |

! N * T4h gggf/#/f2 IccN N5 6r Rounded indications are not !

_ !
gr

i |

{ M pc' WEB f.fD. P DY
F 2. 7 9

=
<

i a factor in the acceptability |
of welds not required to be !j SfTT 178 fully radiographed.

i

!

! First 10 ft. !
Frequency of Vertical 100 ft increments 50 ft increm.ents.

First 50 fti Spot Joint
| Radiography (25%atintersections). '

Horizontal First 10 ft, 200 ft
.

Joint increments.!

|

i
.

1 AL-15 Ei Crowns
j '51/16 * in the area 3/32' Max.

-

i where spot radiography '

1 is planned.*

: Undercut
4 No requirement.

1/32* Max.i
, '

I
.

S-1

_
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APPENDIX - B
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; TANK STICK MODEL
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.

"Tc w q. A c; s ca f v v 3 vP Polnco Q E(% v1 h}/9 OtEP'

3 't" &" W ID 1ii AJc ~$ ' t L. o MQ

5" }Mo
,

! b*-kb QEF (t )
I a oO h

no 3 E.E

2 (nx. a',) S Ym gez = ,z9 Li

3

9 5, Goo w re s=
; a u ,cu is ou ruz swa
4 6- N,

!
'

m A G wi nd ot. /t's 138,920 Fo uw o 54rg 4 3/t G " cieco tu
9 ' p. TE. , f, Ok

j |g |4 > y'h few gEO 9 oniIEN OS

/ ( %|Lui / y
; f

, #wvEn Ar-
'

Moq No G"
OM
E.001 E8

L
0 % f b't

ACTUAL CHECK 60 44 .'
V A L n D 17Y

*JB %1.35 C.A L C U L A TT./J M ~ ~ ~,

664ci AC= Pt4oo t' { STVF W E ! CM CV'ATT?
ra wo.ae, u.a

L.f. E.T E O C- C
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. - - -. . .-. .-. . . ._

NES&L DEPARTMENT

CALCULATION SHEET ';;:r g r. * ~
,Ao n, o, z u

j Project or DCP/mtP SONGS 3 Calc No. M-DSC-269 C C -
-.

Subject See Title Sheet
sheet No. W

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE [RE DATE
S. PELLET [g 11/10/93 JUN GAOR [4 , 11/10/93

,

i

!

!

tac 4x S H E.L L SE. c.T i ord pro 9ERDE5,

'

3; FoR. t. = S //6" Iy. = t Tr R Ae.c M
I, - (5/ 9) fe [20% 2.')| ' S , 5 7 2.,o c o i eJ '=

;

sgi I<_ it s rz coo - 5 (.,, S s o id 3
g, Cz.o'2 O O

A = TP(RI- R 2.) = ft (24o. 3: 2s)-(z4o)i

4*71. 5 saZ=

4

i

,

; ma .E . 1/4.'
.3

L s (' +)1Y{{2o'h D. * 10, 8 57, oo o iJ'/

i S g :- ,I_x = Jo 857 coo 45. 2 3 8 ..a 3-

R (2 cXi ?.)- m

A = ft [24o + '/4[- (240)* % 7 1 ia 2.,

..

<

4

SCE 26-426 NEW 4/90



_. _. - -. ._ -. _ -

NES&L DEPARTMENT

CALCULATION SHEET =":! M r. " ,Au m 0, m
Project or DCP/MIP - SONGS 3 c ie u.._M.DSC-269 $ n'o7'S[- [c
Subject See Title Sheet

Sheet No. I E
REV ORIGINA TOR | DATE IRE DATE REV ORIGINATOR DATE IRE DATEs. P iLEi g 11/10/93 JUNGACR[(,, 11/10/93

'

I

waa t siss

Is = (3AQ rr (zo)D 2.)) = 6,14 3,o 0 0 i44

3x: 9 143 coo 33,430 #N 3-

(zo) 07).

h - TY (240 + Ab4 f- (244f = 2 8 3 t d'
;

:

!

!

|

:
1

'

|

!
!

.

I

i
i

1

7
i

SCE 26-426 NEW 4/90
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.

NES&L DEPARTMENT \
.

'

CALCULATION SHEET ' =i4."' t

i

i .A.E,yz e, 2 77
CCN CONVER$10NProject or DCP/ MP SONGS 3 cale No. M-OSC-269 CCn No. CCN - [

j Subject See Title Sheet
Sheet No. ID

REV ORIGINATOR DATE IRE ' DATE REV ORIGINATOR DATE !RE DATE
iS. PELLET g g 11/10/93

JUN GAOR Q 11/10/93 {

I
-

!
4

!

j voos M Ass 4 4,33' 13, ~ loo kvf ||
E W.

| g g,, p yog,p yygggy
ro e o s: sme _, 4g,w'

Tx ' 8, l 43, 000 I.J 4..

ft. =%
A = 2. e s i #,

Ms 31 2'2. 7o7, ooo Ibe gg
'

n unio
f

N 23 0 VE APc4LLYi

$ l 708,000l% || ,
; M 22.3, I ~l h 3 000 \b 22.941i

4. p/[ L = l0,85 7,00 o Ied
!

A= 377:w'
,

-

-3- \ to.R 'l
,

i A. l s7% Tx. = l'6,5 72 3o00 ice
,

'

' r3 A sE es: TW/k - -

/ A- 471.'si#
!

e i E v. 91c"
/ // // e mso av s Ase_ 9. o'

TANK F. c C E L- b
ELE PAEdn Ar CE~ EOt 0 0 * NE

I.

<[1

] T
w

! .J
W
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: NES&L DEPARTMENT

CALCULATION SHEET =" gNF
'

,m ,yp, 7.,
CCN CONVERSION jPreject or DCP/MMP SONGS 3 Calc No. H-DSC-269 CcN ho. CCN - [

f subject See Title Sheet Sheet No.
_

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

Q 10/12/93NA8IL M. EL-AKILY 10/12/93 JUN GAOR
*

>

b

i

i

:

i

!
:
i

!

!
1

:
.

|
,

!
.

;
-

,

j APPENDIX - C

ANSYS AND ME101LS INPUT FILES
:
i

o

|

}
!

!
:
i

!
.t

.

!

:

I

I

SCE 26-426 NEW 4/90
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,

NES&L DEPARTMENT,

CALCULATION SHEET ::" 2F ,Axiu e,m
CCN CONVERS10N /Prrject or DCP/MMP SONGS 3 Calc No. M-OSC-269 CCN ho. CCN - / ,

1Subject See Title Sheet Sheet No. /73 !
d

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE !RE DATE

NABIL M. EL AKILY 10/12/93 JUN GAoR [(,, 10/12/93 |

!

|
1.

'
!

List of ANSYS Input Files,

File Name Description Sheet ;

!
I PPMS1 Tank model with concentrated force of 196 i'

1,000,000 lb applied near the top of the |shell.
|

d

PPMS4 Tank model with forces applied at each shell 201 {node. Each force is 1,000 lb in magnitude.
|

) i

j

|

|

|

i

SCE 26 426 NEW 4/90 I



I

NES&L DEPARTMENT !

CALCULATION SHEET =,M "
, A , , ,,, y,.

CCN CONVERSION / I
Project or DCP/MMP SONGS 3 Cale No. M-DSC-269 CCN No. CCN - /
subject See Title Sheet Sheet No. N

REV ORIGINATOR DATE !RE DATE REV OR!GINATOR DATE IRE DATE

h,NASIL M. EL AKILY 10/12/93 JUN CAOR 10/12/93

--

/ PREP 7
/ TITLE, PRIMARY PLANT MAKE-UP TANK
C*** FILE NAME: PPMSI.
C***
C*** FORCE APPLIED NEAR THE TOP

|

C*** \'

KAN,0 '

C***
C*** ELEMENT TYPE: ELASTIC SHELL
ET,1,63
ET,2,8

iC*** '

C*** MATERIAL PROPERTIES
EX,1,28.3E6 * TANK SHELL (TYPE 304 SS)
NUXY,1,0.3 *

EX,2,30.0E9
NUXY,2,0.3
C***
C*** REAL CONSTANTS
R,1,0.25 * BOTTOM
R,2,0.3125 * FIRST TIER
R,3,0.25 * SECOND TIER
R,4,0.1875 * THIRD TIER
R,5,0.25 * ROOF
R,6,1.0 * SP0KES
C***
C*** GE0 METRY
RT=240.0 * TANK RADIUS
H1=95.625 * HEIGHT TO TOP 0F FIRST TIER
H2=167.25 HEIGHT TO TOP 0F SECOND TIER*

HT=408.0 * TANK HEIGHT
RBL=243.0 * BOLT CIRCLE RADIUS
RBT=246.0 * OUTSIDE RADIUS OF THE BOTTOM
RR=576.0 * ROOF RADIUS
Al=SQRT(RR*RR-RT*RT)
A2=HT-Al * CENTER OF COORDINATE SYSTEM 11
A3=A2+576.0
C***
C*** NODE DEFINITION
N,1,1.0 * CENTER OF THE TANK
N,7,RT TANK RADIUS*

FILL,1,7 *

N,9,RT,H1
FILL,7,9-

SCE 26-426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET ::::IM;fu
,Ax m o, y y

CCN CONVERSION' Project or DCP/M(P SONGS 3 Calc No. M-DSC-269 cCN No. CCN -

subject See Title Sheet sheet No. \97
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

'

NA81L M. EL-AKILY 10/12/93 JUN GAOR 10/12/93

N,11,RT,H2
FILL,9,11
N,17,RT,HT
FILL,11,17
C***
N,23,1.0,A3
N,9000,0.,A2
NGEN,2,1,9000,,,1.0
NGEN,2,1,9001,,,,1.0
CS,11,1,9000,9001,9002
CSYS,11
FILL,17,23
C***
CSYS,0
N,24,RBL
N,25,RBT
C***
N,9003,0.,0.,0.
N,9004,1.0,,-1.0
CS,12,1,9003,7,9004
CSYS,12
NGEN,72,25,1,25,,,5.0
NDEL,9000,9004
C***
CSYS,0
N,1801,,367.875
C***
C*** ELEMENT DEFINITION
MAT,1
TYPE,1
REAL,1 BOTTOM*

E,1,2,27,26
EGEN,6,1,1
E,7,24,49,32
E,24,25,50,49
EGEN,71,25,1,84

E,1776,1777,2,1
EGEN,6,1,569
E,1782,1799,24,7
E,1799,1800,25,24
C***
REAL,2 FIRST TIER*

E,7,8,33,32
EGEN,71,25,577

SCE 26-426 NEW 4/90



i

NES&L DEPARTMENT

CALCULATION SHEET ': : n L ;. M '

,Ax ,y y 0, z w
CCN CONV(R510N /Project or DCP/MMP SONGS 3 cale No, M-DSC-269 CCN NO. CCN - [

; subject See Titie Sheet Sheet No. [N
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

;

| NA8IL M. EL-AKILY 10/12/93 JUN CACR Q , 10/12/93

:

| E,1782,7,8,1783
EGEN,2,1,577,648
C***<

REAL,3 * SECOND TIER,

E,9,34,35,10'

EGEN,71,25,721
E,1784,9,10,1785

' EGEN,2,1,721,792
C***
REAL,4 * THIRD TIER
E,11,36,37,12
EGEN,71,25,865
E,1786,11,12,1787
EGEN,6,1,865,936
C***
REAL,5 * ROOF
E,17,42,43,18
EGEN,71,25,1297
E,1792,17,18,1793
EGEN,6,1,1297,1368
C***
HAT,2
TYPE,2
REAL,6 * SP0KES
E,1801,16
E,1801,41
E,1801,66
E,1801,91
E,1801,116
E,1801,141
E,1801,166
E,1801,191
E,1801,216
E,1801,241
E,1801,266
E,1801,291
E,1801,316
E,1801,341
E,1801,366
E,1801,391
E,1801,416
E,1801,441
E,1801,466
E,1801,491

SCE 26-426 NEW 4/90



.

CALCb5AYldbdHEET =~;m "
. ,Act m0, a -

CCN CONVER$10N /Project or DCP/MMP SONGS 3 Calc No. M-0SC-269 cCN No. CCN - [
subject See Title Sheet Sheet No. IN

REV ORIGINATOR DATE 1RE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL-AXILY 10/12/93 JUN GAOR Q, 10/12/93

E,1801,516
E,1801,541
E,1801,566
E,1801,591
E,1801,616
E,1801,641
E,1801,666
E,1801,691
E,1801,716
E,1801,741
E,1801,766
E,1801,791
E,1801,816
E,1801,841
E,1801,866
E,1801,891
E,1801,916
E,1801,941
E,1801,966
E,1801,991
E,1801,1016
E,1801,1041
E,1801,1066
E,1801,1091
E,1801,1116
E,1801,1141
E,1801,1166
E,1801,1191
E,1801,1216
E,1801,1241
E,1801,1266
E,1801,1291
E,1801,1316
E,1801,1341
E,1801,1366
E,1801,1391
E,1801,1416
E,1801,1441
E,1801,1466
E,1801,1491
E,1801,1516
E,1801,1541
E,1801,1566
E,1801,1591

SCE 26426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET ::rloua. 3 : >~
'

,A , ,, y.y

CCN CONVERSION /Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. ccN - /

subject See Title Sheet Sheet No. 2 0 0

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NABIL M. EL AKILY 10/12/93 JUN CAOR [ [,. 10/12/93

,

E,1801,1616
E,1801,1641
E,1801,1666
E,1801,1691
E,1801,1716
E,1801,1741
E,1801,1766
E,1801,1791
C***
C*** LOADING AND BOUNDARY CONDITIONS
W50RT,ALL
NSEL,,24,1799,25 FIXED N0 DES ALONG THE BOLT CIRCLE

*

D,ALL,ALL *

NALL *

C***
ITER,-10000,10000,1
F,1801,FX,1000000.0 FORCE APPLIED AT THE CENTER*

C***
AFWRITE
FINISH
/ INPUT,27
FINISH

SCE 26-426 NEW 4/90
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CALCblYT5d[dHEET : Wee"r ,A % , , m.

Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 !! Yo ccY- ,!

Subject See Title Sheet Sheet No. 10)
REY ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE 1RE DATE

JUN GAOR h , 10/12/93NABIL M. EL-AKILY 10/12/93

/FREP7
/ TITLE, PRIMARY PLANT MAKE-UP TANK
C*** FILE NAME: PPFS4
C***
C*** UNIFORMLY DISTRIBUTED FORCE ABOVE BOTTOM
C***
KAN,0
C***
C*** ELEMENT TYPE: ELASTIC SHELL
ET,1,63
ET,2,8
C***
C*** MATERIAL PROPERTIES
EX,1,28.3E6 * TANK SHELL (TYPE 304 SS)NUXY,1,0.3 *

C***
C*** REAL CONSTANTS
R,1,0.25,0.25,0.25,0.25,30000.0 * BOTTOM
R,2,0.3125 * FIRST TIER
R,3,0.25 * SECOND TIER
R,4,0.1875 * THIRD TIER
R,5,0.25 * ROOF
C***
C*** GE0 METRY
RT=240.0 * TANK RADIUS
H1=95.625 * HEIGHT TO TOP 0F FIRST TIER
H2=167.25 * HEIGHT TO TOP 0F SECOND TIER
HT=408.0 * TANK HEIGHT
RBL=243.0 * BOLT CIRCLE RADIUS
RBT=246.0 * OUTSIDE RADIUS OF THE BOTTOM
RR=576.0 * ROOF RADIUS
Al=SQRT(RR*RR-RT*RT)
A2=HT-Al * CENTER OF COORDINATE SYSTEM 11
A3=A2+576.0
C***
C*** N0DE DEFINITION
N,1,1.0 CENTER OF THE TANK

*

N,7,RT * TANK RADIUS
FILL,1,7 *

N,9,RT,H1
FILL,7,9
N,11,RT,H2
FILL,9,11
N,17,RT,HT

SCE 26-426 NEW 4/90



_

i |

NES&L DEPARTMENT |

CALCULATION SHEET =",:%"
,Aomo, , .,

CCN CONVERSION /
| Project or DCP/MHP SONGS 3 Calc No. M-DSC-269 CCN No. CCN - |

Subject See Title Sheet Sheet No. 2 02-

REV ORIGINATOR DATE !RE DATE REV ORIGINATOR DATE !RE DATE

NABIL M. EL AKILY 10/12/93 JUN GAOR 10/12/93

|
1

f

|
FILL,11,17>

1 cas,
| N,23,1.0,A3

N,9000,0.,A2
NGEN,2,1,9000,,,1.0

'

NGEN,2,1,9001,,,,1.0;

CS,11,1,9000,9001,9002
CSYS,11
FILL,17,23
C***
CSYS,0

|N,24,RBL '

N,25,RBT
C***
N,9003,0.,0.,0.

| N,9004,1.0,,-1.0 |
CS,12,1,9003,7,9004

|CSYS,12
NGEN,72,25,1,25,,,5.0 |

| NDEL,9000,9004 |
C***
CSYS,0
C***
C*** ELEMENT DEFINITION
MAT,1
TYPE,1

.

| REAL,1 * BOTTOM
E,1,2,27,26
EGEN,6,1,1
E,7,24,49,32
E,24,25,50,49
EGEN,71,25,1,8
E,1776,1777,2,1
EGEN,6,1,569
E,1782,1799,24,7

| E,1799,1800,25,24
| C***

.

REAL,2 * FIRST TIER
E,7,8,33,32
EGEN,71,25,577
E,1782,7,8,1783
EGEN,2,1,577,648
C***
REAL,3 SECOND TIER*

SCE 26 426 NEW 4/90



NES&L DEPARTMENT

CALCULATION SHEET : rl:%"3-. ,m,a or m
CCN CONVER$10N /Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 ccN No. CCN - [

subject See Title Sheet Sheet No. 103
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

h 10/12/93NABIL M. EL-AKILY 10/12/93 JUN GAOR

E,9,34,35,10
EGEN,71,25,721
E,1784,9,10,1785
EGEN,2,1,721,792
C***
REAL,4 THIRD TIER*

E,11,36,37,12
EGEN,71,25,865
E,1786,11,12,1787
EGEN,6,1,865,936
C***,

REAL,5 ROOF*4

E,17,42,43,18
; EGEN,71,25,1297
'

E,1792,17,18,1793
EGEN,6,1,1297,1368
C***
C*** LOADING AND B0UNDARY CONDITIONS
WSORT,ALL
NSEL,,24,1799,25 FIXE 0 N0 DES ALONG THE BOLT CIRCLE

*

D,ALL,ALL *

NALL *

C***
ITER,-10000,10000,1
NSEL,Y,2.0,500.0
F,ALL,FX,1000.0 FORCE APPLIED*

NALL
C***
AFWRITE
FINISH
/ INPUT,27
FINISH

SCE 26426 NEW 4/90
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1

l

NES&L DEPARTMENT |

CALCULATION SHEET ;;;"1 e m m - ,Axyso,2 75.

CCN CONVERSION [ProjectorDCP/MMP SONGS 3 Cale No. M-DSC-269 CCN No. CCN - [

sheet No. 2 04subject See Title Sheet,

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR CATE IRE DATE

%, 10/12/93NABIL M. EL AKILY 10/12/93 JUN CAOR

|

, .

APPENDIX - D

REFERENCE DOCUMENTS
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i

,

Pntnary Plant Makeup Storage Tank (PPMST) Nonles
.

. NOZZLE SIZE QUANTITY ELEVATION DESCRIPTIONSIREMARKS
A 3' 1 10'-7" CCW Safety Related Makeup Pumps Suction '

B 1* 1 16'-0"
:; CCW Safety Related Makeup Pumps Minitiow Back to the

PPMST

6 M M M
,

F 2\" 1 31'-0"
- .

Existing Fill Line for the PPMST (Relocated)
G 2* 1 31'-0*

Existing PPMGT Pumps Recirc to the PPMST(Relocated)
ar ,gH 4" 1 31'-O"
_ .

Existing Suction Line for the PPMST Pumps (Relocated) e", <
,

'

J 4" 1 9'-9 tyrs" Existing PPMST Overflow Line m !

RK 3" 1 8 '-5" Existing PPMSTDrain Line
;

L 2* 2 9 '-6" Existing Level Transmitter Taps.h.y: |
~~

42'-0"
'

M. 2' 1 9 '-8"
Existing PPMST Pumps Recirc to the PPMST(to be capped)

N 2\* 1 9*-7 euns'
;

Existing FIII Line for the PPMST Pumps (to be capped)
P . 4" 1 9'-6 sxte"

Existing Suction Une for the PPMST Pumps (to be capped)
i

f(,,( f - 5 &'$ f? 6 |
4ttT 'los"

surP=aw
NOTE: AI! elevations are pipe centerline elevations. , M - Osc-269 e

_ _ _ . r en d ,)
, ---

BY E
CHECkiD O~

.
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- =. = ;=. x - - - - - - - -

! CALCULATION SHEET =:'t .i ,,a ,,
; Project w SCP/sep 2 & 3 - 6742.07 SM cm _im! cais me. _M-1203-476-2A 1cce no. eca -j sehjeet . fP TITLE SHEETS
!

sheet me.j arv mistmica urt in ute arv mistuta urs tu u ra |
o p. oc nur 82 25 93 d 1/ugs )!

'

s.5
agurFManT mozzLa Loans avaLUArrows (cour<n)3

:

1

EQUIPMENT I.D./
;

j DATA POINT FORCE (LBS) AIJ4WABLE (*) REMARKMOMENT (PT-LBS) (LBS & FT-LBS)
Tank - T05G Fx = 0/! Nozzle' A -

| Fy = + 58 // 2/ Fz = 0/ 00PY TOR YOUl!{ WT01
I

Mx = - 67 /:

INf0RMAT10N
{

My = 0/
i Mz = -130 /
e THRM01 Fx = -755 / -

Fy = + 12 /
Fz = -287 /
Mx = + 10 /
My = -237 /
Mz = - 38 /

i '

SEIS01 Fx = 86 / Seismic-

Fy = 28 / loads areFz = 37 /
+/-' Mx = 45 /

,

i My = 47 /*
Mz = 115 / /Coj F- $W f'M! TOTAL LOADS:

i Fx = +172 / See note.-

i WT01+THRM01+(2x5EIO1) Fy = +126 / @ #
-927 /

NQ)-
; Ia AYj 0/

d, Fz = + 74 / SNj p, -361 //\ MX = + 33 / gg LA - OM-269$

i I )(, -157 / 6 ggi j
{ My = + 94 / gy
1

sung -

I Mz = +100 N E
~

E
-398 /

i Notes :
(1) Tank nozzle loads are evaluated in calcul~ tion M-DSC-269: Rev. 0 a

'

.

i
j

; seeis.4as new 4m
'

.- .,

. . . .

m"#.

i
'

___ _ __ _ _ . _ _ . _ _ _
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NES&L DEPARTMENT

CALCULATION SHEET i:ru:%.ur
Project or DCP/MMP _2 & 3

6742.07 SM
y,, .,y,

Calc No. _ M-1203-478-2A $ nEc"c[-I4 subject
SEE TITLE" SHEET

,

_ Sheet No. 36REV ORIGINATOR DATE Itt DATE REV CRIGINATOR
__

0 TA0 VAN NGUYEN 12 09 92 *h hfu g
DATE !RE DA ff

8.6
EQUIPMENT NOZZLE LOADS EVALUATIONS(Cont'd.)

EQUIPMENT I.D./ FORCE (LBS) ALLOWABLEDATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS REMARKLDCASE
,$ 1 (u/ f- 4ITank -T056 FX = + 3/

/ 2A / FY = - 15 / gNNozzle B I'

g% $MT % $FZ = + 2

* [[ [ /
! "I

/

suPM.B MT
MZ = - 2 /

CALA'M O~ ~

THRM1 FX = + 3/ N> '-

FY = - 3 / gy thggg:: 3|
~

ca.c.,- w 1-

MY = + 5/
MZ = + 12 / |

SEIS1 lFX = 30 /
FY = 7/ Seismic.-

loads areFZ = 25 /
MX = 2/ +/-
MY = 60 /
MZ = 62

TOTAL LOADS:'
WT1+THRM1+2SEIS1 FX = + 66 /

- 66 SAM Loads~

N AY FY = + 32 / are

= - 32 negligible

FZ = + 55 /'

' = - 55 See note
, E=+ 6/ (1)

=-6
MY = +130 / *

= -130$ Y MZ = + 22 /
= - 22

i

Notes :
(1) Tank nozzle loads are evaluated in calculationM-DSC-269 Rev.0

.

s a"

._ __ _--- - -- - - ~ - - ~ ~ ~ ~ '_
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NES&L DEPARTMENT SUPPLEMENT *A*
CALCULATION SHEET =n:-:,.e- =

, , , , , , , , ,
Project or DCP/MMP 2 & 3 - 6742.07 SM Calc No. _ S.1415-22 c$ n'o7cS[.
Subject SEE TITLE SHEET

Sheet No. A - 2f
sev oarctu4ron o4rt int cars arv oarat=4rea care ine catso s.orsuas 12 23 92 py fz.y,.f2-

|

8.6 EQUIPMENT NOZZLE LOADS EVALUATIONS
(

l

EQUIPMENT I.D./ FORCE (LBS) ALLOWABLE REMARKDATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS) ', 7 f cLDCASE
I

Tank -T056 FA = + 3 i-

Nozzle 7F FB = - 67 I f' >f g' c.<-
i

/5/ f[ . , FC = - 1 ;
'

WT1 "c 3 M - MA = + 1 $pg7 2IOo Il 7'/ |

.

M 60 E=

THRM1 FA = - 62 gu,g;;, u_ 1A - # M 2-6_9 |-

FB = + 43 MIII g
FC = - 9 gyMA = + 6 ,__

' MB = + 12 NB%M E_-
__MC = - 79

SEIS1 FA = 36 Seismic-

FB = 152 loads areFC = 44
+/-MA = 32 I

'

MB = 46
|MC = 189
|

TOTAL LOADS: FA = + 131 /
WT1+THRM1+2SEIS1 j131 _-

See note IYb FB = + 371 / (1) |" #
= - 371 IFC = + 98 / |

98=-

0 gh MA = + 71 /
71=-*

MB = + 105 /
= - 105Z % MC = + 517 /

'
,

o- = - 517 ..
Notes :' (1) Tank nozzle loads are evaluated in cal _cylation

M-DSC-269 Rev.o *
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NES&L DEPARTMENT:

{ CALCULATION SHEET ]= =.
SUPPLEMENT * A *

} ,,,, a ,, , ,
Project or DCP/mP 2 & 3 - 6742.07 SM calc No. _844 Col CONVER$10N4

! Ccn no. CCM -

i subject SEE TITLE SHEET
! Sheet No. A-%
! aEv celstuAton DATE taf DATE REV Ot!CluAfon DATE tRE DATE

.

! o s.stswAs 01 O' M "[f/'j /-4-f31

:

i

!

i
i 8.6 EQUIPMENT N0ZZLE LOADS EVALUATIONS
i

i

EQUIPMENT I.D./ FORCE (LBS) ALLOWABLE REMARK: DATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS)i- LDCASE

,76! Tank -T056 FA = + 6i 1gg-

Nozzle G FB = - 84
-

M FO <'
h y }Q/5/ FC = + 2

q g g.3 2,| { ,f3- u7WTIi

|
MA = - 2
M3 - - 4-j IMC = - 85 MN '

i
i THRM1 FA = - 28 ~

-

FB'= + 11 WNft Nj FC = - 1 ,

! W-MA = + 1 B R' ~

i MB = + 2 CHECKED Da TE ~ ~

MC = - 62
/ SEIS1

i
'

FA = 50 Seismic-

FB = 502
) FC = 62 loads are
| MA = 34 +/-
1 MB = 85
i
I MC = 587
:

1 TOTAL LOADS: FA = + 106 /
} WT1+THRM1+2SEIS1- 122 ,_

-

See nota| Y,b FB = + 931 / (1)j L = -1088

I FC = + 126 /4

= - 123
| *gg Mk = + 67 /
!

g-
c =- 70

| MB = + 168 /4

= - 174
f *2.

'

A-

S MC = +1089 /
= -1321

i

; Notes : (1) Tank nozzle loads are evaluated in calculationM-DSC-269 Rev.0
:
!

1

; SM254aB MEW 4/30 -
'; :f .:

!!$:.
,

w
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CALCUi.Xfi6s'5HEET I: b $ , Y -[ a n ,, y
;

,,

Project or DCP/MMP 2 & 3 - 6742.07 SM Ccm conyt:3!0N ~Calc No. $-1415-06 ccm me. CCN -> subject-
SEE TITLE SHEET

$heet No. _A bnav omicrutos oAre tee oars nav onsciuroa ) cars las { oars

_

o tao van usuvan 12-17 92 gh Q2 22,.c/ t . - - -"

v-
; l i

'
-

8.6
EQUIPMENT NOZ2LE LOADS EVALUATIONS

i

EQUIPMENT I.D./ FORCE (LBS) - ALLOWABLE
_ _ _ ..

DATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS)
REMARK

LDCASE -

Tank -T056 f.
>f--

.

FA = 13 .1Nozzle H FB = - 137 ( g.( f D- '

/ 3C1 / 'FC = 19 h- Q'

'MA = - 17 \N #,
- # 7-WT1 -

-

;

MB = - 46
SWP B M T-MC = - 180
rw e r. M - OSc.- i 2.6 9THRM1 FA = - 68 ;

MM CL M.-

FB = 8
FC = + 14

-
- TMA.= - 14 -

CHECWD- ~MB = - 33 _04TE C ,_ .

MC = - 208 i

SEIS1 FA = 116
FB = 258 Seismic-

loads areFC = 119
i MA = 42 +/-

|MB = 181 I

MC = 512 (
TOTAL LOADS:

,

WT1+THRM1+2SEIS1 FA = + 245 /
!- 287 -

See note !

N d FB = + 387 /
= - 653 (1)

.FC = + 271 /
= - 219 {h MA = + 67 / I

- '

* X
MB +3 /#**g q = - 441

,
'

MC = + 844 / ,h = -1412 ,

',=.

i

Notes :
(1) Tank nozzle loads are evaluated in calc _u_Lation

,

M-DSC-269 Rev.0 *
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i

|
'

j NES&L DEPARTMENT s g ; m ..;'A' |

| CALCULATION SHEET m ,..c-1 m r ,,, m ,, , 7y |
: ccm convttston !
J Project er ocPheer 2&3 - 6742.07 SM cale k. S-1415-37 ccx no.
i

subject See Title Sheet sheet k. A-

REV ce!GINATcR DATE IRE . DATE REV CRIGINATOR DATE IRE DATE

} /o\ u reno TAmc 2 17 93 fg/ s/fy/y3 /\
! /\ /\
i |

| "

8.6 Equipament Nozzle Loads Evaluation : -

ggp110R ION
| mtBR M 0" g, .J f c. T

l Equipment Force (Lbs) - |

f I.D. Moment (Ft-lbs) Remark
/ Data Point irtT. M 3

j / Loadcase -'

SN| Tank T-056 Fa = - 6 Ma = - 1
j and T-055 Fb = - 564 Mb = + 0 CALC NO M- U % -MN
j Nozzle J Fc=+0 Mc = - 356 f(fQ f
.t / D.P. Al
i / Dead Weight SY DATE

! Fa =,- 1 Ma = + 0 CAEQWD DATE
Thermal Fb = + 0 Mb = - 1 -

Fc = + 0 Mc = + 4

Fa = 1 Ma = 35 SAM loads
SAM (DBE) Fb = 103 Mb = 4 are +/-

; Fc = 5 Mc = 71
: <

! Fa = 87 Ma = 166
; Seismic (DBE) Fb = 610 Mb = 102 Seismic loads

Fc = 90 Mc = 385 are +/-

i Total Design Fa = + 81
J Load - 93

Fb = + 54
TEb - 1183

: " Fc = + 90
- 90 See Note (1),

'

Ma = + 169

,

Fc 7 e

170-

w y Mb = + 102
! l

'* 103-

k Mc = + 39'

- 748;

*

Note : 1) Nozzle loads are qualified by calc. M-DSC-269 Rev. 0

.
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je
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NES&L DEPARTMENT '

! supploman A.
CALCULATION SHEET i= ~

m 'im.ccm me,c-1 f_gfr past 2, g o, ..- j
.

Prej ut er scr/mp 213 - 6742.07 SM cale u . 5-1415-56 " 7'"cen

subject See Title Sheet
shut No. - A-

; nav carsturm urs ins care arv miniurat cris ans ute

-
.

! /o\ Li rsus vans 2 19 '3 M 2 -19 -D /\
! /\ /\ -
1

=- r u

CALCt; M ~ DI0- M O;

j 8.6 Equipment Nozzle Loads Evaluation : g M, _. I_
'

j i

BY .
! . DATE

-

3 -
u4 . . .Equipment I.D. Force (Lbs) ] ATE._

! / Data Point Moment (Ft-lbs) 7 emark| / Loadcase MMi!

sgp3 (BR IDN b' 'j Tank T-056 and Fy = 88
'

j T-054 Fz = + 0 L Ngggg$ [-) Nozzle K Mx = + 287
| / D.P. 5 My = + 0
; / Dead Weight Mz = - 287
~. Fx = 182
j Fy = 146

Seismic (OBE) Fz = 182 Seismic loads
i

| Mx = 244
|- are +/-
|

My = 512
Mz = 244

'

Total Design Fx = + 182
! Load - 182
i
1

Dead weight + Fy = + 0
2(Seismic) - 334

Fz = + 182
nT - 182;

: Mx = + 531 See Note (1)
{ -0
;

4~

7, / !!y = + 512'

X - 512
Mz = A 0i

: - 531
4

i
i

Note : 1) Nozzle loads are qualified by calc. M-DSC-269 Rev. 0
.

1

i
i

.

;
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I MI,7
J

_ __ -- .



. _ _ _ . _ .. _ _ -. - - . - - - --- -- -- - - - - - -

NES&L DEPARTMENT

| CALCULATION SHEET =s c:= ,,p,, ,
PreJoct er ocP/sep 2 & 3 - 6742.07 SM

cale me. M-1203-476-3A ces m. con -
m. -i.

:,

Weet SEE TITLE SHEET
samet me.

REY ORIG!uATS Daft Itf DATE REV cafGINATOR 6475 IRE DATEo p. os AtoAv 02 23 93 p b|y

8.5
EQUIPMENT NOEILE LOADS EVALUATIONS (CONT'D);

|

j EQUIPMENT I.D./ FORCE (LBS) ALLOWABLE (*) REMARKDATA POINT MOMENT (FT-LBS) (LBS & FT-LBS) ( t'
s _ f,

]|
/

Tank - T055 Fx = 0/ #f-

'F#-1 Nozzle A Fy =.+ 58 / jg$% i
/2/ Fz = 0/ (hilMx = - 67 / gg{SR! g g g g; fWT01

My = 0/
Mz = +130 / N"M

THRM01 Fx = +755 / gg M-Of C-26't
.

-

Fy = + 12 / M t (g g
i

1 Fz = -287 / -gy g -
~ Mx = + 10 /

My = +237 / MI N
Mz = + 38 /,

SEIS01 Fx = 86 / Seismic-'

Fy = 28 / loads areFz = 37 / +/-| Mx = 45 /-

My = 47 /;
Mz = 115 /;

TOTAL IDADS: Fx = +927 /
;

'
See note-

-172 / (1)*

WT01+THRM01+(2xSEIO1) Fy = +126 /4 Y'

4e M O 0/-

Fz = + 74 /d \ -361 /

h I X 15 /

'

My = +331 /
3"p - 94 /

,

'

pff, Mz = +398 / .

-100 /
Notes : (1) Tank nozzle loads are evaluated in calculation M-DSC-269Rev. O

!

l

,
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NES&L DEPARTMENT

| CALCULATION SHEET knf#er
\

!

! , ,Aoz ,f o, mProject or OcP/MMP 2 & 3 - 6742.07 SM3

|
calc No. _M-1203-478-3A CCM CONVEA$!0N

ccm No. ccM -subject
SEE TITLE SHEET i

t -i

{ $heet No. 07rey omfatNAfot DATE tat, DATE REV CRIGINATOR
DATE IRE ) DATE

O tao VAN NGUYEM 12 15 92
; { |l[gg4

-

i

1
: I
:

j 8.6
EQUIFMENT NOEZLE LOADS EVALUATIONS CDP 1IDI10DI

(Cont'd.) inTORMWOR
,

! -

EQUIPMENT I.D./ FORCE (LBS) ALLOWABLE4 DATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS)
REMARK 9j LDCASE '

i l<<.) F.f
*

Tank -TOSSj Nozzle B FX = - 2
-FY = - 15

{ / 2A /
-

FZ = + 2 4 g-T . ""1,fl,
: WT1 MX = - 2

) "" ' mm 1

, 2 CMAI O M - pse - 6 on i
! THRM1

een |c -FX = - 3 EE.
-

FY = - 3 -

i SY M" " ~""

CIW3CE>
~

04 E~!
,

MY = - 5j
MZ = - 12i

SEIS1 FX = 27
3

i FY = 7 Seismic-

FZ = 24 loads are
MX = 2 +/-
MY = 59

,

MZ = 6i
; TOTAL LOAD'S:

!
WT1+THRM1+2SEIS1. FX = + 59 /i

- 59 SAM Loads-

J'( FY = + 32 / are
!

= - 32 negligible'

FZ = + 53 /t

: = - 53 See note
*

t n=+ 6/ (1)
i =- 6
| MY = +128 /~

X
i E. = -128

E = + 22 /j
,

*

= - 22
1

i Notes :
(1) Tank nozzle loads are evaluated in calculation

'

M-DSC-269 Rev.01

*

j SCE 2H2B NEW 4/30 *
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NES&L DEPARTMENT|
CALCULATION SHEET by.c."

.sgI O-Jg
i

Project er scp/mer 2 & 3 - 6742.07 SM- , , , , , , , , , ,;

I _ cale me. _M-1203-482-AA ccm cownista:

\ _ SEE TITLE SHEET
_ -cca no ccn -sehjeet _,

{ aav carstaten mit $4eet No. - 31
_

tas oats any
estatu rceo s. sisms 12 14 98 $ it|pgs, uit tse j ute

t
__

NOTE :

THIS NOZZLE IS NO LONGER USED AND IS CAPPEDINCLUDED RERE ARE FOR
INFORMATION ONLY. 14 ADSs.6

EQUIPSOENT NOSELE LOAD 3 EVALUATIONS(CONT'D)i

I,1139
EQUIPMENT I.D./
DATA POINT FORCE (LBS)

Ar.rOWABLE (*)MOMENT (FT-LBS) (LBS & FT-LBS)
-

REMARY.
i
; Tank - T055 Fa = - 2
1 Nozzle C. Fb = + 64 -

(G/ E'N/455/ 3Fc = - 7WT01
MI MMa = - 2 - a

Mb = - 22 k "

Mc = - 76 2 6=,

TMRM01 M-DM.-249
_ea>= =Fa = + 17

Fti = + 5 M M ft" Al [--

Fc = - 2 EMa = + 2 M- 2Mb = - 13 CN BCKW-
Mc = - 63 M"El "

SEIS01 _

Fa = 71
Fb = 211 Seismic

-

Fc = 108 loads are
Ma = 19 +/-
Mb = 233
Mc = 410

TOTAL LOADS: Fa = +157
-

-157 See note
WT01+TIDut01+28EIO1 Fb = +491 (1)g

. -491-

Fc = +225,

.

-225 .

d Ma = + 40
. ,-

" - 40
M = +501

-5012.
x M8 " +M'

-959E- :

(1) Tan =_ nossie 1e- E are evaluate in calculation M Dsc 269
-

Rev. 0 -
- -

-
-

~ , . . + '

*
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. _ . . . - _ .- - _ . . - . - . - - - - - - - - - - - - -- ---- - - - - - - -

~

i

Nt-d&L DEPARTMENT SUPPLEMENT *A*

CALCULATION SHEET :::: r g io. ,,,m 0, ,,

CCM CONVER$!0N
l Project or DCP/MMP 2 &'3 - 6742.07 SM Calc No, __S-1415 04 cca No. CCM -
!

subject SEE TITt.E SHEET Sheet No. A 11

aEv caic NAfDs DATE IRE DATE REV| OA[GlNATOR CATE IRE DATE
;

| o s.s swAs 12 29-92 74 |_qq
i .

|
>

;

2 8.6 EQUIPMENT NOZZLE LOADS EVALUATIONS
1

EQUIPMENT I.D./ FORCE (LBS) ALLOWABLE REMARK i, q#'i DATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS)
LDCASE {-'

:h f c, ) I'9Tank -T05p5 FA = - 1 '

hyNozzle pc FB = + 44
N $gi$ g SttT. %)h '8 77! /5/ FC = + 2

W1 M=+ 1
MB = - 5

,

gyppg i,

MC = + 40
M -OTC-J64) f),

THRM1 FA = - 60 Mf |
-

FB = - 29 :!

FC = + 1 BY DMTE ~~!.
*

MA = + 1 ICHECGD ~DATE1 MB = + 1
MC = + 42

;

J SEIS1 FA = 85 Seismic-
,,

FB = 255 loads are
FC = 73 +/-
MA = 23
MB = 132

i MC = 557

TOTAL LOADS:
. FA = + 231 / ~

WT1+THRM1+2SEIS1 231 See note--

4,b FB = + 554 / (1)p
h 554= -

: M FC = + 149 /,

@N' 149= -

MA = + 48 /: g j.
48- = -

Y"

'2*i MB = + 269 /
269 "= -

'

~1 % MC = +1196 / " . .
' ' *

'

-1196 '=

, ..

i Notes : (1) Tank nozzle loads are evaluated in' calculation
H-DSC-269 Rev.0-;

*

sca as sas NEW 440
'

a:r '

'
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NES&L DEPARTMENT
. SUPPLEMENT *A*

CALCULATION SHEET :::: g y - w
,, ,,y , , ,

Project or DCP/MMP 2 8 3 - 6742.07 SM Cale No. _807 $ cS[-
subject SEETITiESHEET

sheet No. A-
nEv ontaturam #Att tat cart REV Calcluf0R DAff IRE DATE

o iAo VAN NGUYEW 12 28 92 jh' jf.g.f)

8.6 EQUIPMENT NOZZLE LOADS EVALUATIONS

EQUIPMENT I.D./ FORCE (LBS) ALLOWABLE
, -REMARKDATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS) 9

{7, 71
LDCASE,

Tank -T055 FA = 0 N g -[ g,i f9-

3 j$ ggNozzle # (x FB = + 24
-

/ 3C1 / WT1 bq
ggn66$ TWT td

___

FC = + 1 S
' ,2ftVf4L

'

MA = + 1 _

MB = - 2 gm g3gyMC = + 9
_ .. . .._ H - 05C- 2 6 9mnwTHRM1 FA = - 19 '

FB = - 40 gg (fA-

1 FC = + 4 SY DM I~l
MA = + 4
MB = - 13 MD DMl!- - - -

>
. MC = - 56

SF (OBE) FA = 43
/,2S1 Seismic-

FB = 91 loads are
FC = 81 +/-MA = 9
MB = 192
MC.= 205

TOTAL LOADS: FA = + 86 /
WT1+THRM1+2SEIS1 ,,105-

See note
N (, pyg FB = + 206 / (1).

l = - 198
''% "

FC = + 167 /
= - 161

A MA = + 23 /
gd - =- 17

MB = + 382 /
f = - 399

MC = + 419 ''

= - 457 - *
~

' '

.

'

Notes : (1) Tank nozzle loads are evaluate ( In. calculationM-DSC-269 Rev.0

sceawasNEW W90 . *
~n .
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MEtiT d*
- .

j Project.or DCP/MIP 2 & 3 - 6742.07 SM Calc No. 5-1415-07 CCM ConvEa510m
CCn no. ccn -

f
.

subject SEE TITLE SHEET
i Sheet No. _A Ni asy omsaturen urt any urs nev omicturea care tee oars
i

j o rAo van mansa 12 19 92 ff/h a.2L-72
. -

i
,

.I

.' 8.6
EQUIPMENT NOZZLE LOADS EVALUATIONS

,

i

! EQUIPMENT I.D./ FORCE (LBS) ALLOWABLE REMARK ,9
j

DATA POINT / MOMENT (FT-LBS) (LBS & FT-LBS) p.'LDCASE.

| I

Tank -T055 FA = + 19
Nozzle H FB = + 181 ( l- Q ,1 f'N-

(DN jg%i / 3C1 / WT1 FC = - 13
\NDgf\N SM,90 e CD! MA = - 14

= 362 -t

! THRM1 FA = - 35 g M -OfC-269
1 -

FB = - 24 MM ppg fj FC = - 3 gy 63- -

M=- 6
i MB = - 3 NE O U! MC = 71
| SEIS1 (OBE) FA = 136 Seismicj FB = 542

-

! loads are- FC = 230
} +/-MA = 47
4

i MB = 638
MC = 1606

i
TOTAL LOADS: FA = + 291 /

WT1+THRM1+2SEIS1 - 288 -

See notey c g FB = +1265 / (1)= - 927
Vs FC = + 447 /A , = - 4764

U ,, MA = + 80 /
x = .114

3
- MB = +1326 /

= -1229
MC = +3645 / - -

- -2850 "- .
.

Notes :-
(1) Tank nozzle loads are evaluated in calc _ulation. M-DSC-269 Rev.0 '
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1. PURPOSE

Appendix E performs a statistical analysis on the sample welding flaws taken by

radiographic films from the Unit 3 Primary Plant Makeup Storage Tank weld seams |I

in August 1993 prior to the Cycle 7 refueling outage. The statistical analysis is the
j first phase of the two phase analyses to determine the acceptability of the welding

defects for the structuralintegrity of the tank. The statistical analysis determines

the 95th percentile defect length which bounds a 95% probability of the total flaw

population on the tank at a 95% confidence level. The calculated 95th percentile

defect length will be the basis for the phase two fracture analysis to demonstrate

acceptability of the weld defect with a high degree of reliability. Phase two analysis

is contained in Appendix F.
I

2. RESULTS/ CONCLUSIONS

|

From a total of 126 sample welding flaws ranging from 0.0625 inches to 4.5 inches,

| it was determined that the 95th percentile defect length is 3.5 inches. That is, there

is a 95% chance that the flaw length in the total flaw population on the tank will be

less than 3.5 inches at a 95% confidence level.

SCE 26 426 NEW 4/90



. - __ . - . - . - .. -

! NES&L DEPARTMENT

CALCULATION SHEET =":M;f" ,mzza, z n
| CCN CONVER$10N /

Proj:ct or DCP/MMP SONGS 2/3 Calc No. M-DSC-269 ccN No. CCN - | |
t '

i subjset see title sheet Sheet No. U1
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

WUSHONGYOW[dq 9/30/93 J.GAORf(,, 10/7/93
s

g

i
;

i

3. ANALYSIS

(1) Sample Data
,*

In August 1993, radiographic films were taken (Figure E.1) showing the welding

flaws on the Primary Plant Makeup Storage Tank (SA1415-MT055). These flaws

were apparently the results of poor workmanship in the original construction

welding of the tank. Attachment E.1 shows the film locations, flaw characteristics,

and the dzes of flaws as obtained from OC (Reference 3). Based on the

examiration of 61 films, produced by spot radiography,126 flaws were identified.

Table E.1 lists all these 126 sample flaws in an ascending order of flaw length.

(2) Characteristics of Sample Data

Among the 126 sample data, the range of the flaw length is from a minimum of

0.0625 inches to a maximum of 4.5 inches. The sample mean and standard

deviation are calculated as

n
x = I x, /n = 59.56/126 = 0.472

i=1

n
s = { I (x; - x)2 / (n-1) ]'" = 0.714

i=1

SCE 26426 NEW 4/90
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j Figure E.2 shows the probability distribution curve of the sample data. It can be
'

seen that the probability distribution function does not have a normal or near-
; normal distribution. In fact, the probability distribution of the sample data fails to

pass the goodness-of-fit tests for normal distribution, log-normal distribution, and;

the second-order Erlang distribution functions. Therefore, instead of pursuing an

extensive mathematical derivation to establish theoretical confidence intervals, it is;

-

necessary to pursue an afternative procedure using the theory of order statistics
i

for a non parametric testing as discussed in next section.
,

1

(3) Non-Parametric Confidence Intervals

|
;

A. Minimum Samole Size
,

.

i The minimum sample size required to perform a non-parametric test is dependent

on the required probability of the population and the level of confidence.
i According to Reference (1), the minimum sample size to ensure with 95%

confidence that 95% of the population will be less than a certain sample flaw

length is 93. The sample size of 126 used in this study is more than the smallest
s

| sample size required to produce the specified probability at the level of confidence

desired.
!

i

B. Estimation of Flaw Lenoth for 95/95 Probabiftty and Confidence Level'

The theory of order statistics with binominal test is used to determine the upper

bound of the flaw length which will envelop 95% of the flaw population on the tank,

.
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with 95% confidence level. Table E.1 shows the 126 sample observations in the

ascending order.

I

Let

| X, s X ...... ....s X, s ...s X2 n

represent the ordered sample, where X's are the observed flaw lengths and n =

| 126. According to Reference (2), the upper bound flaw length X, which has a 95%

confidence level for the 95% probability of the total flaw population being less than

X,is determined as
3

s = np + w, sqrt[np(1-p)]

= 126 * 0.95 + 1.645 * sqrt(126*0.95*0.05)

= 123.7 i

;

where p is the specified probability, and a is the desired confidence level. w, is |

the one-tailed 95th percentile of a standardized normal random variable. The value

for w, is available from the standard normal distribution table in any statistical

handbook. By rounding s upward to the next higher integer, we obtain s = 124.

From Table E.1,
t

i

X124 = 3.5 inches.

Therefore, from the 126 sample observations, we determine with 95% confidence

that 95% of the total flaw population will have flaw lengths less than 3.5 inches.

SCE 26426 NEW 4/90
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TABLE E.1 RADIOGRAPHIC FILM FLAWS FOR MT-055
J

' 2Sample No x x

: 1 0.06250 0.00391
2 0.06250 0.00391.

; 3 0.06250 0.00391
; 4 0.06250 0.00391
j 5 0.06250 0.00391
'

6 0.06250 0.00391
7 0.06250 0.00391
8 0.06250 0.00391

i 9 0.06250 0.00391
: 10 0.06250 0.00391
1 11 0.06250 0.00391

12 0.06250 0.00391
! 13 0.09375 0.00879
! 14 0.09375 0.00879
; 15 0.09375 0.00879
) 16 0.09375 0.00879

17 0.09375 0.00879
18 0.00375 0.00879
19 0.09375 0.00879
20 0.09375 0.00879
21 0.12500 0.01563
22 0.12500 0.01563
23 0.12500 0.01563
24 0.12500 0.01563
25 0.12500 0.01563
26 0.12500 0.01563
27 0.12500 0.01563
28 0.12500 0.01563
29 0.12500 0.01563
30 0.12500 0.01563
31 0.12500 0.01563
32 0.12500 0.01563
33 0.12500 0.01563

SCE 26426 NEW 4/90
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1,

I
1

TABLE E.1 RADIOGRAPHIC FILM FLAWS FOR MT-055 (continued)
.

Sample No x x2,

: I. ..

{ 34 0.12500 0.01563
1 35 0.12500 0.01563
; 36 0.12500 0.01563

37 0.15625 0.02441.

1 38 0.15625 0.02441
J 39 0.15625 0.02441
I 40 0.15625 0.02441

41 0.15625 0.02441
; 42 0.15625 0.02441
4 43 0.15625 0.02441

44 0.15625 0.02441.

1 45 0.15625 0.02441
46 0.18750 0.03516

1 47 0.18750 0.03516
48 0.18750 0.03516,

! 49 0.18750 0.03516
! 50 0.18750 0.03516
4

51 0.18750 0.03516
52 0.18750 0.03516
53 0.21875 0.04785

1 54 0.21875 0.04785
55 0.21875 0.04785 |
56 0.21875 0.04785
57 0.21875 0.04785 |

,

58 0.25000 0.06250
59 0.25000 0.06250

; 60 0.25000 0.06250 '

61 0.25000 0.06250
62 0.25000 0.06250

i 63 0.25000 0.06250
,

s 64 0.25000 0.06250
j 65 0.25000 0.06250

66 0.25000 0.06250

1
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TABLE E.1 RADIOGRAPHIC FILM FLAWS FOR MT-OSS (continued)
2Sample No x x

. .. _.

67 0.25000 0.06250
68 0.25000 0.06250
69 0.25000 0.06250
70 0.25000 0.06250
71 0.25000 0.06250
72 0.25000 0.06250
73 0.25000 0.06250
74 0.28125 0.07010
75 0.28125 0.07:310
76 0.31250 0.09766
77 0.31250 0.09766
78 0.31250 0.09766
79 0.31250 0.09766
80 0.37500 0.'14063
81 0.37500 0 14063
82 0.37500 0.14063
83 0.37500 0.14063
84 0.37500 0.14063
85 0.37500 0.14063
86 0.37500 0.14063
87 0.37500 0.14063
88 0.37500 0.14063
89 0.37500 0.14063
90 0.37500 0.14063
91 0.37500 0.14063
92 0.43750 0.19141
93 0.43750 0.19141
94 0.43750 0.19141
95 0.43750 0.19141
96 0.43750 0.19141
97 0.43750 0.19141
98 0.50000 0.25000
99 0.50000 0.25000
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TABLE E.1 RADIOGRAPHIC FILM FLAWS FOR MT-055 (continued)

Sample No x x

100 0.50000 0.25000
101 0.50000 0.25000 ;
102 0.50000 0.25000

|!103 0.50000 0.25000
104 0.62500 0.39063 I

105 0.62500 0.39063 '

106 0.75000 0.56250
107 0.75000 0.56250

i
108 0.75000 0.56250 !

109 0.75000 0.56250
110 0.75000 0.56250
111 0.75000 0.56250
112 1.00000 1.00000
113 1.00000 1.00000
114 1.00000 1.00000
115 1.00000 1.00000
116 1.00000 1.00000
117 1.25000 1.56250
118 1.50000 2.25000
119 1.50000 2.25000
120 2.00000 4.00000
121 2.00000 4.00000
122 2.50000 6.25000
123 3.25000 10.56250
124 3.50000 12.25000
125 3.50000 12.25000
126 4.50000 20.25000

SUM = 59.50000 91.73828
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NES&L DEPARTMENT

! CALCULATION SHEET :: n /N;."
,A c c o,

4

CCN CCNVERSION || Preject or DCP/MMP SONGS 2/3 Calc No. M-DSC-269 CCN NO. CCN - I

g subject see title sheet Sheet No. 29b
j REV ORIGINATOR DATE IRE DATE REV ORIGINATC2 DATE IRE DATE
.

WSHONG YOW D 9/30/93 J. GAOR T-(r. 10/7/93
i

'

$
i

!
<
,

i,
'

i

! ATTACHMENT E.1
. .

!

| RADIOGRAPHIC FILM RESULTS FOR MT-055 {
,

l
a

j (Source: Reference 3) |!

i
1

|

1
4

a

l
1

!
;

i

!
i
4

!

|
i:

! 1

1

!

|
,

1
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NES&L DEPARTMENT

CALCULATION SHEET =Mo "
,

,A,au ,, m
i

.

CCN CONVERSION fProject or DCP/MMP SONGS 2/3 Calc No. M-DSC-269 CCN NO. CCN - f !

! subject see title sheet Sheet No. M3
\ REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

J.GACRk 10/7/93WSHONG YOW p&) 9/30/93

t.

:
i
!

!

] Film Accept (A) Flaw Size of
; Location Reject (R) Charac. Flaw
.,

4

R1V1 RN UCS 5/32 X 1/32
{ 1/2 X 1/16 |

1/4 X 1/16
|. 3/4 X 1/32
{ 1 X 1/16
i

; R1V2 R UC 1/8 X 1/16
.

1/4 X 3/32
; 1 1/2 X 1/16
i

j R1V4 R UC 1/4 X 1/32
-

1 1/2 X 1/16
7/16 X 1/32

i

j R1V5 R SI 1/16 X 1/16
,

1/8 X 1/16

{i 5/16 X 1/16
1/8 X 1/16

{ 1/8 X 1/16
4

3/8 X 3/32
; UC 3/8 X 1/16
{ 5/32 X 1/16
3 1 X 1/16

31/4 X 5/32
4

j R1VS R UC 1 X 1/16
IF 1/2 X 1/32

R1V7 R UC 3/4 X 1/32,

.' 1 X 1/32'

5/32 X 1/32
i

1 X 1/32

i

1 SCE 26426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET ::" % = memo,2 n.

Project or DCP/fMP SONGS 2/3 Calc No. M-DSC-269 c!n cc[- f
subject see title sheet Sheet No. Nk

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE 1RE DATE

WUSHONGYOW[fLj 9/30/93 J.GAORT-(,, 10/7/93
i

Film Accept (A) Flaw Size of
Location Reject (R) Charac. Flaw

R2V1 R SI 3/8 X 1/16
1/8 X 1/32
1/8 X 1/32

R2V3 R UC 3/8 X 1/16

R2V6 R IF 3/16 X 1/64
:

R2J1 R UC 1/16 X 1/32
1/16 X 1/32
3/32 X 1/16
3/8 X 3/32

IF 9/32 X 1/32
5/16 X 1/32
7/16 X 1/64
3/16 X 1/32

R2J2 R UC 1/4 X 1/64
1/8 X 3/32
3/32 X 3/32

IF 7/16 X 1/64
1/16 X 1/64
3/16 X 1/64

R2J4 R UC 1/2 X 1/32
5/32 X 3/32
1/8 X 1/16

IF 3/4 X 1/32

R2J5 R IP 1 1/4 X 1/64
IF 1/8 X 1/64

R2J6 R IF 1/2 X 1/32
UC 3/8 X 1/32

SCE 2G426 NEW 4/90



;
,

CALC $* LYT 5d^ EdHEETg r a c e. " ,A, . , m |
CCN CONVERSION gProject or DCP/M4P SONGS 2/3 Calc No. M-DSC-269 Ccn no. CCN - |

subject see title sheet Sheet No. 2 k E |
1REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

W$HONG YOW 9/30/93 J. CAoR Q , 10/7/93

.

Film Accept (A) Flaw Size of
Location Reject (R) Charac. Flaw

i

R2J7 R IF 7/32 X 1/32
j
i

R2H1 R UC 2 X 1/16
2 X 1/16

;

'

lR2H4 R UC 1/4 X 1/16 |

3/16 X 1/16

R2H7 R UC 31/2 X 1/16

R2H2 R UC 3/4 X 1/32;

9/32 X 1/32
i 1/8 X 1/32
| 3/32 X 1/16
I

;

5/32 X 1/16 ij 3/32 X 1/32 1

!

R3V1 R IF 3/8 X 1/32
; 5/8 X 1/32
! R3V5 R S1 7/16 X 1/16 I! 5/16 X 1/16 i
i IF 1/8 X1/64 1

7/16 X 1/32
1 UC 1/4 X 1/16 || 3/8 X 1/16

R3V6 R IF 1/4 X 1/64
.

R3V7 R SI 7/32 X 1/16
i 1/16 X 1/16 !
'

UC 3/4 X1/8 !

i
'

I

;

I
*

SCE 26426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET :: n a see. ,Acayo, z n

CCN CONVERSION /Project or DCP/lelP SONGS 2/3 Cale No. M-DSC-269 CCN No. CCN - I

Subject see title sheet Sheet No. Mb
REV ORIGINATOR DATE 1RE DATE REV ORIGINATOR DATE IRE DATE

WSHONG YOW 9/30/93 J. GAOR j[,, 10/7/93

|

|Film Accept (A) Flaw Size of
Location Reject (R) Charac. Flaw I

R3J2 R IF 5/32 X 1/32

R3J3 R SI 1/4 X 1/32
3/16 X 1/32
3/32 X 1/32

R3J4 R IF 1/4 X 1/64
1/8 X 1/64
3/32 X 1/64

R3J5 R IF 1/2 X 1/32

R3J6 R UC 3/8 X 1/16

R3J7 R SI 5/32 X 1/16
1/4 X 1/16

R4H1 R IF 3/8 X 1/32
M 21/2 X 1/32
UC 1/2 X 1/16

R4H2 R UC 31/2 X 1/32

R4H3 R UC 41/2 X 1/32

R4V1 R IF 1/4 X 1/32

R4V4 R IF 1/4 X 1/32.

R4V5 R SI 1/4 X 1/32
1/8 X 1/32

R4V7 R IF 7/16 X 1/64

SCE 26-426 NEW 4/90
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!
NES&L DEPARTMENT4

i CALCULATION SHEET g r a u ,;. " ,A,ayo, yy ,

CCN CONVERSION /Project or DCP/W(P SONGS 2/3 Calc No. M-DSC-269 CcN ho. CCN - fi

subject see title sheet M7Sheet No.

REV ORIGIMATOR DATE IRE DATE REV CRIGINATOR DATE IRE LATE

; wsNoua vow tv4; 9/30/93 a.croR46 1o/7/93

.|

1

; Film Accept (A) Flaw Size of
- Location Reject (R, Charac. Flaw
I

| R4J1 R IF 1/16 X 1/64
! 1/8 X 1/64
j 3/16 X 1/32
.

! R4J2 R UC 5/8 X 3/16
1/4 X 3/32,

'

1/16 X 1/32
} 1/4 X 1/16

3/32 X 1/16
4

i IF 1/8 X 1/64
4 1/16 X 1/32
;
'

R4J3 R IF 3/16 X 1/64
| 5/32 X 1/64
4

4

: R4J4 R UC 3/8 X 1/16
| 1/16 X 1/32
.; 1/8 X 1/32
4 5/32 X 1/16
| 7/32 X 1/16

j
1/16 X 1/16

IF 1/16 X 1/32
:
'

R4J5 R UC 3/4 X 1/16
i 1/4 X 1/32

IF 5/16 X 1/64
:
( R4J7 R, UC 1/16 X 1/32
; 7/32 X 1/32
: 3/8 X 1/32

:i
3/32 X 1/32

IF 7/32 X 1/64

1

SCE 26-426 NEW 4/90
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1
l

I NES&L DEPARTMENT

CALCULATION SHEET =gs see
,A ,,, z 7y.

CCN CONVERSIONProject or DCP/MMP SONGS 2/3 Calc No. M-DSC-269 CCN No. CCN -

subject see title sheet Sheet No. 2 k 8
REU ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

,

WSHONG YOW hl 9/30/93 J. GAOR g 10/7/93

i

Notes:*

(1) A designates " Accept"; R designates " Reject"

; (2) The defect Codes for the flaw characteristics are

i IF - Incomplete fusion
i IP - Inadequate penetration
| SI - Slag inclusion
1 Tl - Tungsten inclusion
j BT - burn through
' M - Mismatch

DT - Drop through
UC - Undercut
OX - Oxidized root-

t CV - Root concavity
CX - Root convexity
P - Porosity

; FA - Film artifact

.

>

3
i

|

4

i

4
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NES&L DEPARTMENT

CALCULATION SHEET '"" ~o ' A =
PR[ LIM. CCN NO. PAGE h 0F 4 7 "7

-

i

CCN CONVER$10NProject or DCP/ HHP SONGS 3 Cale No. M-DSC-269 CCN NO. CCN -
+

1

Subject See Title Sheet Sheet No, M9
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

NA8IL M. EL-AKILY 10/12/93 JUN GAOR k 10/12/93

i

.

.

:

I,

;

i

!

APPENDIX - F l

*

FRACTURE MECHANICS EVALUATIONi

4

i

|
|

|

|.
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NES&L DEPARTMENT

CALCULATION SHEET ||:IS/N0m ,A ,2 , . 0, - ,i_,

CCN CONVERSION |Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 cCN NO. CCN - [ j

subject see title sheet
Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE I

[[,, 11/10/93R. QASHU 11/10/93 JUN CAOR

1

1

1

|

|
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NES&L DEPARTMENT -

CALCULATION SHEET :n&." mm., ,, a. ;.
CCN CONVERSIONProject or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN -

Subject see title sheet
Sheet No. 2 3 I

REV ORIGINA' TOR DATE IRE DATE REV l ORIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUN GACR Q , 11/10/93

1.0 PURPOSE / BACKGROUND:
,

During a QA surveillance activities of the primary make up

storage tank T-056 (Unit-2) modifications, QA identified evidence
:

of poor workmanship in the original construction welding of the
tank. The poor workmanship was identified for example; as

excessive weld reinforcement (greater than 3/32"), and undercut

(greater than 1/32"). QA also reviewed the original 10
radiographs and found two unacceptable. The QA assessment was

later confirmed by QC. Additional five radiographs were taken and

found unacceptable by QC. It was evident at this point that

continuing the radiography will continue to show same type of
weld defects, and an evaluation must be developed to address the

structural integrity of the tank with the weld defects. It was

also concluded that similar defects are to expected in T-055
(Unit-3).

.

In order to address the weld defects, a plan was put to try to
characterize statistically a bounding defect with high
confidence. The number of radiographs was increased to a total of

J 60, covering basically all of the tank shell weld seams. The

results of the radiographs is used to perform a bounding fracture
mechanics analysis to demonstrate acceptability of the welds with
high reliability.<

,

SCE 2642G NEW 4/90



NES&L DEPARTMENT

CALCULATION SHEET =l:%" ,Ax w o, m

CCN CONVERSION /Project or DCP/ HHP SONGS 3 Calc No. M-OSC-269 C:N N3. CCN - f

subject see title sheet Shee No. b
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

JUNGAOR[4R. CASHU 11/10/93 11/10/93

The analysis is comprised of two phases. Phase one a statistical

analysis to try to calculate a reliability of at least 95% of a

defect ' length not to exceed a given length, with 95% confidence
level. The bounding defect will be used in phase 2 conservative

fracture analysis to show that the defect, simulated as a crack

will be acceptable for the life of the tank.

Phase 1 is addressed in appendix E, and phase 2 is addressed in

this appendix.

The following calculation was originally performed to address the

welding defects of Unit-2 PPMS tank (T-056), and the results are

documented in calculation number M-DSC-280. However, the maximum

defect size found in T055 of Unit-3 is enveloped by T-056 maximum

defect size. Therefore, Unit-2 calculation is bounding, and

applying the results to Unit-3 PPMS tank is conservative.

SCE 26-426 NEW 4/90



) NES&L DEPARTMENT

CALCULATION SHEET | r:Ch.e"- ,Ax w 0, m

CCN CONVERSION /Project or DCP/M4P SONGS 3 calc No. M-OSC-269 CCN No. CCN - f
subject see title sheet

Sheet No.
REV ORIGINATOR DATE IRE DATE REV ORICINATOR DATE IRE DATE

'

R. QA$NU 11/10/93 JUN GAOR p [, 11/10/93

2.0 RESLTLTS/ CONCLUSIONS :

The worst defect reported in appendix E was assumed to exist in

the highest stress region of the tank shell, and oriented axially
to maximize the stress and the stress intensity. The defect was

analyzed by two methods:

In the first method the defect was assumed infinitely long and3

depth equals to half the shell thickness. The analysis showed

that the flaw will be stable with a safety factor of 4.4, and the

amount of radial crack growth over the life of the tank is within
the remaining tank shell thickness.

In the second methodology the crack was assumed through wall and

5" long. The results showed that the crack will be stable with a
i

safety factor of 3.13.

,

,

SCE 26426 NEW 4/90
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|

| NES&L DEPARTMENT

CALCULATION SHEET g;:,:Mfaur ,, , ,

CCN CONVERSION
Project or DCP/MMP SONGS 3 Cale No. M-DSC-269 CCN ho. CCN -

subject see title sheet SheetNo.25Ni

|

REV ORIGINATOR DATE 1RE DATE REV ORIGINATOR DATE !RE DATE

R. CASHU 11/10/93 JUN GAOR 11/10/93

3.0 ASSUMPTIONS:

1. The material is isotropic and elastic (the nominal stress is

within the yield strength).

2. None of the specifications of the used filler metal in :he

tank shell welding (E308, E308L, E309), requires material

tor.ghness value. But the data published by EPRI and others

(Reference 4) provide toughness values in the form of Jze

which was used to calculate.K of the filler metal.3e

3. The tank was assumed to undergo 400 cycles of fill and refill-

corresponding to the number of plant shut downs over 40 years.
|

1

I

!

|

|
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NES&L DEPARTMENT

CALCULATION SHEET ntN4;."
,Axy, o,3 ;,y

CCN CONVER$!ON /Project or DCP/MMP SONGS 3 Cale No. M-DSC-269 CON No. CCN - (
Subject see title sheet

sheet No. 2bb
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

JUNGAOR[[,R. QASHU 11/10/93 11/10/93

1

4.0 DESIGN INPUT:

Tank material SA-240-304 Reference 8
Tank Radius, 240 inch Reference 8
Filler metal E308,308L,309 Reference 6

2J 990 in-lb/in Reference 4ge,

E, 25 E3 Ksi Reference 4
Material Yield Strength 29.8 Ksi @l04 F Reference 7

Tank shell thicknesses 5/16", 1/4"

and 3/16" Reference 8

Maximum defect 4.875 Appendix E

|

SCE 26 426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET :::: i 4 . ".

,Ax m o, , y

CCN CONvlR$lCN |Project or DCP/MMP SONGS 3 Calc No, M-OSC-269 CCN No. CCN - [.

4

subject see title sheet 2Sheet No.
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE,

[f ,R. QASHU 11/10/93 JUN GACR 11/10/93

5.0 METHODOLOGY:

From appendix E the worst (largest) defect is identified as 4.875

inch long lack of fusion (radiograph G2-3, in the second

horizontal seam 14 feet from the tank bottom).
For the purpose of the analysis the defect will be assumed as a

five inch long vertical flaw (the ratio of hoop stress to

meridional stress is about 3), extending halfway through the

plate thickness as shown in figure 1. Also in figure 1, in

dotted lines the credible

paths of flaw propagation

are shown.

,83s-

The stress intensity factor
,

at c the crack tip can be C
1 2

I
conservatively calculated i

C- ' i
/ i

as if the crack front is in i

the radial direction as in [, '
profile c Figure 1.2

dfn

Figure 1

,

CCE 26-426 NEW 4/90



NES&L DEPARTMENT

CALCULATION SHEET ;;;"~MC/N;."
,,,, ,, y 7y

CCN CONVER$10N [Project or DCP/MP SONGS 3 Calc No. M-DSC-269 CCN No. CCN - f
subject see title sheet

Sheet No. 2 b 7
REV ORIGINATOR DATE IRE DATE REV| ORIGINATOR DATE IRE DATE

JUNCAORf(R. QASHU 11/10/93 11/10/93

For such a case the crack tip stress intensity is defined by the
expression from Reference 1.

k=G ov (na/0) (1)o

where Go = Free surface correction factor for

the given stress variation provided

in Tables A-3320-1 as function of
flaw aspect ratio (a/1 = 0), and

flaw tip position 1.

o= Maximum hoop stress Ksi in the tank

including effects of water sloshing
due to earthquake and local stress

due to the ring, calculated using

finite element analysis.

a= Crack depth (half plate thickness =

0.125")

Q= Flaw shape parameter as given by

equation 2 below:

O=1- [G o/o ,] 2/6 (2)o y

Where o ,is the material yield strengthy

SCE 26-426 NEW 4/90



NES&L bEPARTMENT

CALCULATION SHEET =" % fe' , A3,,0, y, y

CCN CONVER$!0NProject or DCP/M4P SONGS 3 Calc No. M-DSC-269 ccN No. CCN -

subject see title sheet Sheet No. l
REV ORIGINATOR DATE !RE DATE REV ORIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUNGAOR[,[,, 11/10/93

1

Another credible path for the flaw to propagate, is to become

through wall and extend longitudinally as in profile c in Figure3

1.

Given the crack is through wall, and 5 inches long, the stress

intensity factor can be calculated for this case using linear
elastic fracture mechanics (LEFM) provided in standard computer
program PcCrack. LEFM crack model E, through wall axial crack in

a pressurized cylindrical shell was chosen to perform the

analysis. Detail discussion of this methodology is provided in
Reference 2.

The crack growth will be calculated based on Figure A-4300-1 of
reference 5, assuming water environment and R = 0.25. DK is

conservatively assumed equal to K.,x.

SCE 26426 NEW 4/90



NES&L DEPARTMENT

CALCULATION SHEET ':::,:% m
. ,Axm c, m

CCN CONVER$10N /Project or DCP/MMP _ SONGS 3 Cale No. M-OSC-269 CCN No. CCN - |

subject see title sheet
. Sheet No. 2

REV ORIGINATOR DATE IRE DATE REV CRIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUN GAOR [.[,, 11/10/93

6.0 REFERENCES:

1. ASME Section XI working group on flaw evaluation, replacement

of stress intensity factor calculation of Article A-3000 of

Appendix A of Section XI, based on Stress Analysis of Cracks

Handbook by Tada and Paris, Second Edition (Section 2).
2. PcCrack Fracture Mechanics Software, Version 2.1, Structural

Integrity Associates, Inc.

3. ANSYS User's Manual, Revision 4.4A, Swanson Analysis System.
4. Journal of Pressure Vessel Technology, Vol 108, August 1986.
5. ASME Code Section XI, 1989 Edition.

6. Data report SA-1415-1.

7. ASME Code Section III, Appendices, 1989 Edition.

8. Drawing S023-407-3-61-2, Primary Make-up Storage Tank shell
plate layout.
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1

NES&L DEPARTMENT
{CALCULATION SHEET g r,; M m ~ |,Auy, ,, z 7,
l

CON CONVER$10N |Project or DCP/MHP SONGS 3 Calc No. M-DSC-269 cca ho. CCN - | {

1

subject see title sheet OSheet No.
REY ORIGINATOR DATE !RE DATE REV ORIGINATOR DATE IRE DATE f

R. QASHU 11/10/93 JUNCAOR'[.[,, 11/10/93

|

7.0 NOMENCLATURE: |
'

|
|a Crack depth (in)

F Factor of safety (Kic/K )r
G Correction factor (2.8254)o

I Tank cross section moment of inertia (in )
~

|
4

r Tank radius (in)
t Tank shell plate thickness (in)

iK Stress intensity factor (Ksilin) '

K Critical stress intensity (Ksilinre

DK Stress intensity range (Ksi[in)

M Bending Moment (in-lb)

N Number of stress cycles

Q Flaw shape parameter

a Stress (Ksi)
a, Material yield strengthy

E Modulus of elasticity (Ksi)
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NES&L DEPARTMENT

CALCULATION SHEET g ;;,: N C & ,. " ,Aoy, ,, m
CCN CONVERS!0hProject or DCP/MHP SONGS 3 Calc No. M-DSC-269 CCN A0. CCN -

Subject see title sheet b!Sheet No.
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUN GAOR % 11/10/93

1

8.0 CALCULATIONS:

8.1 STRESS CALCULATIONS:

8.1(a) Meridional Stress, the meridional stress is calculated
from the over turning moment as follows:

From page A34 the overturning moment is given at the ring
i

elevation (M = 237,927,613 in Ib).

The meridional stress a at the ring location can be calculated
as:

)
|

a=Mr/I

where r = 240 inch, tank radius

I=7 t r3

t = 1/4 inch, tank thickness at location of
|

maximum stress

a = 237927613*240/7*0.25*2403 1

= 5.3 Ksi

8.1 (b) Hoop Stress, To account for the discontinuity of the tank
shell at the ring location, a three dimensional finite element

analysis was performed using standard computer program ANSYS

(Reference 3). The tank finite element model is depicted in

SCE 26-426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET =nk" , A , y,, , ,. ,.

CCN CONVERSION I
Project or DCP/MHP SONGS 3 Calc No, M-DSC-269 CCN No. CCN - j

Subject see title sheet Sheet No. 2b
REV Ot.IGINATOR DATE !RE DATE REV ORIGINATOR DATE IRE DATE

[[,, 11/10/93R. QASHU 11/10/93 JUN GAOR

Figure 2. The stress analysis results are provided in Figure 3.

The computer input image listing is provided in the attachment

section. The water sloshing effect due to earthquake (SSE) was

converted to hydrostatic pressure and added to the tank

hydrostatic pressure. The maximum hoop stress calculated by

ANSYS is 15.9 Ksi.

8.2 FRACTURE MECHANICS CALCULATIONS:

The stress intensity factor can be calculated using Equations 1,

and 2.

Go= 2.8254 from table A-3320-1 @ a/t=0.5 and a/l=0.

Q = 1-(15.9*2.8254/29.8)2/6
0.6213=

K = 2. 82 54 *15. 9 (r* 0.12 5/ 0. 6213 ) 1/2 |

35.72 Ksi fin=

!
A factor of safety is calculated by ratio of Kre/K, l

Kre = / (Jge*E)

/( 990*25E6) i=

!

157.32 Ksilin=
|

F= 157.32/35.72

4.4=

I

SCE 26-426 NEW 4/90 |
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NES&L DEPARTMENT

CALCULATION SHEET =N& w ,Aya c,m
c:8 ccNvtRstcN f IProject or DCP/MP _ SONGS 3 Calc No. M-DSC-269 C;h No. CCN - ( j

Subject see title sheet hSheet No,

REV ORIGINATOR DATE 1RE DATE REV ORIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUNGAORM. 11/10/93

I

The analysis was repeated using PcCrack Reference 2, assuming a
1through wall crack of 5 inch. The results of PcCrack are graphed I

in Figure 4. The calculated stress intensity is 50.802 Ksi (in.

Based on the PcCrack results a factor of safety equals to 3.13 is
|

calculated.
|

|

|
8.3 da/dN CALCULATION

The crack growth is calculated using figure A-4300-1

(Reference 5) for water environment, and R = 0.25. DK = 50

Ksilin, which is the maximum stress intensity based on 5 inch

axial crack.

From figure A-4300-1 @ DK = 50 KsiVin, find da/dN = 200 E-6

inch / cycle.

conservatively assume that the tank will undergo 400 cycles of

filling and refilling, corresponding to the number of plant

shutdowns over 40 years.

Crack growth = 400 * 200E-6

0.08 inch=

The remaining tank thickness at defect location =

0.125 .08=

0.045 inch=

SCE 26-426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET ::n g.-w
,A, w ,,y y, ;

CCN CONVER5!CN fProject or DCP/MMP SONGS 3
Calc No. M-DSC-269 CcN No. ccN - /

'\subject see title sheet
sheet No. 2 5

REV ORIGINATOR DATE 1RE DATE RtV ORIGINATOR DATE !RE DATE
R. CASHU 11/10/93 JUNGA04[f, 11/10/93

.

.

|
|
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Figure 2, Tank shell finite element model

i
l
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'

NES&L DEPARTMENT
'

CALCULATION SHEET gr!"o LNcc "'
,Auure, z zy

CCN CONVERSIONPreject or DCP/MMP . SONGS 3 Calc No. M-DSC-269 cCN ha. CCN -

'

subject _see title _ sheet 157Sheet No.
REV ORIGINATOR DATi IRE DATE REV ORIGINATOR DATE IRE DATE

R. QA$HU 11/10/93 JUNGAOR[f 11/10/93

,

!

.|

ATTACHMENTS TO APPENDIX F

:

j
e

.

b

!

I

i

.

I
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NES&L DEPARTMENT

CALCULATION SHEET ;;;: M,;w
,,yy ,, , 7,

CCN CONVERSICN jProject or DCP/MMP SONGS 3 Calc No, M-DSC-269 C:n no. ccN - (
subject see title sheet

Shee't No. bb
REV ORIGINATOR DATE IRE | DATE REV ORIGINATOR DATE IRE DATE

j11/10/93R. QA!)iU 11/10/93 JUN GAOR

.

,

/ PREP 7

/ TITLE, PRIMARY PLANT MAKE-UP TANK

C*** FILE NAME: PPMS1.

C***

C*** FORCE APPLIED NEAR THE TOP

C***
|

-

KAN,O
i

C*** j
|

C*** ELEMENT TYPE: ELASTIC SHELL

ET,1,63

ET,2,8

C***

)C*** MATERIAL PROPERTIES

EX,1,28.3E6 * TANK SHELL (TYPE 304 SS)
!NUXY,1,0.3 *

EX,2,30.0E9

NUXY,2,0.3 )

C***

C*** REAL CONSTANTS

R,1,0.25 * BOTTOM l
i

R,2,0.3125 * FIRST TIER

R,3,0.25 * SECOND TIER

SCE 26 426 NEW 4/90
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NES&L DEPARTMENT

CALCULATION SHEET gr,rik.m
,Am go,,7,

CCN CONVIR$10N /Project or DCP/MHP SONGS 3 Calc No. H-DSC-269 CCN No. CCN - [
subject see title sheet

Sheet No.
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE !RE DA1E

R. CASHU 11/10/93 JUN GAOR @ , 11/10/93

1

|
1R,4,0.1875 * THIRD TIER

R,5,0.25 * ROOF

R,6,1.0 * SPOKES

C***

C*** GEOMETRY

RT=240.0 * TANK RADIUS

H1=95.625 * HEIGHT TO TOP OF FIRST TIER

H2=167.25 * HEIGHT TO TOP OF SECOND TIER

HT=408.0 * TANK HEIGHT
j

RBL=243.0 * BOLT CIRCLE RADIUS

RBT=246.0 * OUTSIDE RADIUS OF THE BOTTOM

RR=576.0 * ROOF RADIUS

Al=SQRT(RR*RR-RT*RT)

A2=HT-Al * CENTER OF COORDINATE SYSTEM 11,

A3=A2+576.O

C***

C*** NODE DEFINTION

N,1,1.0 * CENTER OF THE TANK

N,7,RT * TANK RADIUS

FILL,1,7 *

N,9,RT,H1

FILL,7,9,,,,,,O.328125
J
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NES&L DEPARTMENT

CALCULATION SHEET ::: n l " |,Aa m o, , ,

CCN CONV[R$!ON |Preject or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN ho, CCN - |
l

subject see title sheet Sheet No. 2- 7 0
| REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE !RE DATE

R. QASHU 11/10/93
JUN CAOR Q 11/10/93

N,11,RT,H2

1

FILL,9,11
|.

1
N,17,RT,HT |

|

|FILL,11,17 '

C*** I

N,23,1.0,A3

|N,9000,0.,A2

1NGEN,2,1,9000,,,1.0
|

NGEN,2,1,9001,,,,1.0
|

CS,11,1,9000,9001,9002

CSYS,11

FILL,17,23

C***

CSYS,O

N,24,RBL

N,25,RBT

C***

N,9003,O.,O.,O.

N,9004,1.0,,-1.0

CS,12,1,9003,7,9004

CSYS,12

NGEN,72,25,1,25,,,5.0
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NES&L DEPARTMENT

CALCULATION SHEET =:,;% i- u r
. ,,, ,, ,, , 7y

CcN CONV[RSIONProject or DCP/MMP SONGS 3 cale No. M-DSC-269 cch No. CCN -

Subject __ See title sheet
Sheet No. f

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUN CAOR ff. 11/10/93

i

NDEL,9000,9004

C***
1
|

CSYS,0

N,1801,,367.875

C*** |
'

|

C*** ELEMENT DEFINITION

MAT,1

TYPE,1

REAL,1 * BOTTOM

E,1,2,27,26 1
'

EGEN,6,1,1

E,7,24,49,32

E,24,25,50,49

EGEN,71,25,1,8

E,1776,1777,2,1

EGEN,6,1,569

E,1782,1799,24,7

E,1799,1800,25,24

C***

REAL,2 * FIRST TIER

E,7,8,33,32

EGEN,71,25,577
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NES&L DEPARTMENT'

CALCULATION SHEET ::::,"ot to: " ,A ,,7,, 3 ,y
CCN CONVERSION

Project or DCP/MMP SONGS 3 calc No. M-OSC-269 CCN No. CCN -

bsubject see title sheet Sheet No.

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

R. oASHU 11/10/93 JUNGAOR{{ 11/10/93

.

E,7,1782,1783,8

EGEN,2,1,577,648

C***

REAL,3 * SECOND TIER

E,9,34,35,10

EGEN,71,25,721

E,1784,9,10,1785

EGEN,2,1,721,792

C***

REAL,4 * THIRD TIER

E,11,36,37,12

EGEN,71,25,865

E,1786,11,12,1787

EGEN,6,1,865,936

C***

REAL,5 * ROOF

E,17,42,43,18

EGEN,71,25,1297

E,1792,17,18,1793

EGEN,6,1,1297,1368

C*** LOADING AND BOUNDARY CONDITIONS

WSORT,ALL
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NES&L DEPARTMENT

CALCULATION SHEET :: n i-"r , Ay 7, ,, , ,,

CCN CONVER5!CNProject or DCP/MMP SONGS 3 Calc No, M-DSC-269 CCN No. CCN -

Subject see title sheet Sheet Ho, M3
REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUN GAOR /, , 11/10/93

NSEL,,24,1799,25 * FIXED NODES ALONG THE BOLT

CIRCLE
|

D,ALL,ALL *

NSEL,,9,1784,25

D,ALL,ALL

NALL *

NSEL,Y,0

D,ALL,UY,O

NALL

C***

ITER,-100,100,1

ESEL,,649,720

EP,ALL,1,14.4

ESEL,,721,792

EP,ALL,1,13.6

ESEL,,793,864

EP,ALL,1,12.4

ESEL,,865,936

EP,ALL,1,11.2

ESEL,,937,1008

EP,ALL,1,9.85

ESEL,,1009,1080
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NES&L DEPARTMENT

CALCULATION SHEET ':::,;Mc,0 sa~
. ,Ac c .,; ,, . .. .

CCN CONVERSION /Project or DCP/MHP SONGS 3 Calc No. M-DSC-269 ccn No. ccN - / |

Subject see title sheet
Sheet No. 2- 7 k

REV ORIGINATOR DATE IRE DATE I REV ORIGINATOR DATE IRE DATE

R. CASHU 11/10/93 JUNCAOR%, 11/10/93

EP,ALL,1,8.5

ESEL,,1081,1152

EP,ALL,1,7.2

ESEL,,1153,1224

EP,ALL,1,5.8

ESEL,,1225,1296

EP,ALL,1,4.5

EALL

AFWRITE
|

FINISH

/ INPUT,27

FINISH

.

4
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I

CALCULYT5bN dHEET =:otte,.w
, A, , z .,, ,, , , . ,

.i
CCN CONVERSIONProject or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN NO. CCN -

*

Subject _ see title sheet sheet no.2 ~7$
REV ORIGINATOR DATE IRE | DATE REV ORIGINATOR | DATE IRE DATE

R. QASHU 11/10/93 JUN CAOR 11/10/93
,

I

tm

pc-CRACK

(C) COPYRIGHT 1984, 1990

STRUCTURAL INTEGRITY ASSOCIATES, INC.

SAN JOSE, CA (408)978-8200

VERSION 2.1

Date: 22-Jul-1993

Time: 18:27:11.99

LINEAR ELASTIC FRACTURE MECHANICS EVALUATION
.

I

tS6

crack model:THROUGH WALL AXIAL CRACK IN PRESSURIZED CYLINDER

WALL THICKNESS (t) = 0.2500

OUTER DIAMETER (OD)= 480.0000 !

l
i
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NES&L DEPARTMENT |

CALCULATION SHEET grn(C.- * |,,,Eeuor z m
CCN CONVERSION / |

Project or DCP/MMP SONGS 3 Calc No. M-DSC-269 CCN No. CCN - /
subject see title sheet Sheet No. 2 7 S

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

f.(, 11/10/93R. QASHU 11/10/93 JUN GAOR

|

CASE ID STRESS

1 15.9000

|
CRACK ---------------STRESS INTENSITY

FACTOR----------------

SIZE CASE

1

|

|

0.1000 8.943 )
0.2000 12.693

0.3000 15.605

0.4000 18.092

0.5000 20.312

0.6000 22.347

0.7000 24.247

0.8000 26.042

0.9000 27.756

1.0000 29.403

1.1000 30.996

1.2000 32.544
'

1.3000 34.056
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NES&L DEPARTMENT

CALCULATION SHEET n;:, M e = r
,,, c ,, , , ,

CCN CCNVER$10N /Project or DCP/MHP SONGS 3 Calc No. M-DSC-269 CCN No. ccN - /
Subject - see title sheet Sheet No. b 7 7

REV ORIGINATOR DATE IRE DATE REV CR!GINATOR DATE IRE DATE

R. CASHU 11/10/93 JUN GAOR 11/10/93
,

I

l,

1.4000 35.536

1.5000 36.991

1.6000 38.424
i

|1.7000 39.840 i

I
1.8000 41.240

|

1.9000 42.627

2.0000 44.005
1

2.1000 45.374

2.2000 46.737

2.3000 48.095
i

1

2.4000 49.450

2.5000 50.802

2.6000 52.154

2.7000 53.505

2.8000 54.856

2.9000 56.209

3.0000 57.565

3.1000 58.923

3.2000 60.284

3.3000 61.650

3.4000 63.020

3.5000 64.394
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NES&L DEPARTMENT

CALCULATION SHEET =;o M.w
,A,y.,,,,y.c,,

CCN CONVER5!0N /
Project or DCP/MMP SONGS 3 cale No. M-DSC-269 CCh ho. CCN - /

Subject _ see title sheet Sheet No.

|REV ORIGlWATOR DATE 1RE DATE REV ORIGINATOR DATE IRE DATE

R. QASHU 11/10/93 JUNGAOR[(p. 11/10/93

3.6000 65.774

3.7000 67.160

3.8000 68.551

3.9000 69.949 i

4.0000 71.353

4.1000 72.764
1

4.2000 74.182 !

4.3000 75.607

4.4000 77.039

4.5000 78.479

4.6000 79.926

4.7000 81.382

4.8000 82.845

4.9000 84.316

5.0000 85.796
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fAs41 A*3320 1

c0tf ricituts G01mealGa G3 70s sympACt CaACE Af 90lef 1
|
4

1

l
. .

FLAW ASPtCf RAfl0
;

s/l
,

,

; a/t 0.0 0.1 0.2 0.3 0.4 0.Si
|

uutteen 0.00 1.1208 1.0M9 1.0854 1.0727 1.05M 1.5%I
GO 0.05 1.1441 1.1000 1.0679 1.0740 1.0575 1. 5 73

0.10 1.1MS 't.1152 1.0067 1.0779 1. Osse t.4306 Ndg 2 c CF4 0.15 1.2670 1.1402 1.10$8 1.0842 1 Gen 1.E32
g

oggg , ef9!'
O.20 1.3654 1.1744 1.1210 1.0928 1.0739 1.M42 Otstillk i0.25 1.49N 1.2170 1.1399 1.1035 1. 5 32 1.0543

1 0.30 t.6539 1.2670 1.1421 1.1ue i.Sese 1.06u CALCf00. M-05C 2 6 9 gy,_i
0.40 2.1064 1.3040 1.2135 1.1444 1.1100 1.0772f

'

M py0. 50_, ._J,. M_S4 1.3128 1.2443 1.1757 1.ul? 1.0931 N '

j 0.40 4.0420 1.4372 it3216 1.2039 - 1.1499 1.10$8 !

,,

0.70 6.3743 1.7373 1.3610 1.2237 - 1.1864 -1 1112 - -
gg q.,,

-
e

! * 1.991 1.7099 1.3741 1.2205 1.1902 1.1065 pts DAT8'
0.00 1

-
f
,

.

'
i t! stas 0.00 0.7622 0.M35 0.4426 0.7019 0.7214 0.7411I

G1 0.05 0.7424 0.M51 0.4433 0.7022 0.7214 0.7413! 0.10 0.7732 0.6700 0.6455 0.7031 0.7221 0.7414i '

O.15 0.7h5 0.6750 0.4490 0.7044 0.7230 0.7426j C.20 0.4267 0.6891 0.6939 0.7067 0.7243 0.7420
1 0.25 0.8706 0.7029 0.7000 0.7096 0.7360 0.7451
1 0.30 0.9276 0.7193 0.70 73 0.7126 0.7382 0.7444

0.60 1.0007 0.75M 0.7249 0.7209 0.7334 0.7511 '

} 0.50 1J02 0.0029 0.7454 0.7314 0.7417 0.7W6
-

$ 0.40 1.7563 0.0448 0.7671 0.7641 0.7520 0.7631
} 0.70 2.4125 0.0904 0.7582 0.7544 0.7613 0.7707i 0.80 4.5727 0.9204 0.8063 0. T753 0.7522 0.7792
I i

^

j aJActAttc 0.00 0.4009 0.5075 0.5310 0.S$$4 0.5415 0.6044
| G2 0.05 0.SM9 0.5046 0.1313 0.5557 0.5415 0.4066

0.10 0.5996' O.5109 0.5323 0.5540 0.5415 0.4005
0.15 0.4088 0.51&4 0.5340 0.55M 0.5415 0.4087
0.20 0.6247 0.5202 0.53M 0.5571 0.5015 0.4009
0.25 0.M73 0.5249 0.53M 0.5540 0.5817 0.4093
0.30 0.6775 0.5350 0.5430 0.5592 0.5820 0.4099
0.40 0.M$ t . 0.S$45 0.5520 0.5427 0.5835 0.4115
0.50 SE, 0.3776 0.5432 0.5400 0.5869 0.4144
4.40 1.1382 0.6827 0.5742 0.5760 0.5931 0.41 5
0.70 1.5757 0.6201 0.3907 0.5474 0.4837 0.4255
0.00 2.5997 0.6513 0.4063 0.4031 0.4200 0.4351

COPYFORYOUR
INFORMATIONChelt 0.00 0.5060 0.42 4 0.4480 0.4735 0.5006 0.5200

s3 0.05 0.9012 0.4250 0.4442 0.4736 0.5006 0.S290
0.10 0.9412 0.4264 4.uas 0.4736 0. Set 6 0.5290-
0.13 0.5459 0.4236 0.6496 0.4737 0.5001 0.550
0.20 0.5152 9.4317 8.4511 0.4738 0.4908 0.S W -

0.25 0.5202 0.4357 0.4528 0.4741 0.4996 0.S W
0.30 0.96E3 0.4446 4.4550 0.47 4 0.4992 0.5291
0.40 0.4065 9.4522 9.4405 0.4764 0.49F3 0.5295
0.50 0.0863 0.4465 9.4670 0.4M5 0.5410 0.5314
0.60 N 0.4429 4.47e9 0.4453 0.5454 0.5349
0.70 1.1207 0.$007 0.450 0.4965 0.Sul 0.1647
0.m i.au 8. Sit. 9 teu 0.5 5 0.s = 0.u.7

N /6 or u l a j'g1 is permWedMohe2 Inberpohlim in

._


