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CLLUAWAY PLANT

SEISMIC DESIGN CF SAFETY-RELATED ABOVE-GROUND
VERTICAL LIQUID STORAGE TANKS

References: 1.

4.
5.

NRC Reguest for Information
letter, J. N. Hannon to
D. F. Schnell, dated 5-23-89

ULNRC=2077 dated 9~21-89

NRC Request for Additional
Information letter,

S, V. Atnavale to

D. F. Schnell, dated 4-4-90

ULNRC=2237 dated 6-25-90

NRC Request for Additicnal
Information letter,

A. T. Gody, Jr. to

D. F. Schnell, dated 10-5-90

The attachments to this letter provide the
information requested in Reference 5 regarding the
seismic desi?n of the Refueling Water Storage Tank

(RWST) at Callaway.

The revised information further

supports our determination that the RWST's seisnmic

design is adequate.

If you have any questions regarding these
attachments, please contact us.
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Very truly yours,

(hathllsts

Donald F. Schnell
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ULNRC=-2344
ATTACHMENT 1

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
REGARDING SEISMIC REANALYSIS OF VERTICAL STEEL TANKS
FOR CALLAWAY FLANT

QUESTION 1:

During the audit performed by the staff on February 14,
1990, at Bechtel in Gaithersburg, Md., a handout for the
presentation was provided, Provide the information
contained in both Tables 2 and 3 including any other changes
te the handout resulting from the reanalysis.

RESPONSE !

The handout presented to the NRC during the audit on
February 14, 1990 has been updated to indicate the
subseguent results of the reanalysis. Attachment 2 provides
the revised handout. Pages 18, 19, 26, 28 (Table 2), 29,
and 31 (Table 3) of 31 have been revised as indicated by
revision bars on these pages. New pages 20 and 30 are due
to text "carryover" from changes to previous pages.

Changes were made to Table 2, Flexible Analysis, Shell
Course 6 OBE calculated and allowable stresses, The
calculated stress was revised to reflect the use of the
licensed OBE level of 0.12¢g rather than the previous use of
0.13g. The allowable stress was revised to reflect a more
accurate interpolation of values from Figure VII~1102-4 of
the ASME Code, 1974 Edition through Winter 1975 Addenda.

The Table 3 value "or shear in a typical slab strip,
calculated using flexible analysis, was revised per the
response to Question 3 below.

QUESTION 2:

Provide the maximum stress values (due to sloshing) in the
angle welds at the roof-cylinder junction with stresses
combined from three componente of earthquake (SSE). Also,
provide a comparison of these stress values with the
allowables.






ULNRC=- 2344
ATTACHMENT 1

QUESTION 4:

In response to guestion 2(a) of the staff's RAl dated

April 4, 1990, you indicated that, because of the static
friction between the tank bottom and the concrete slab, the
bolts will not experience any shear load, This cannot be
justified unless slotted or oversized bolt holes are used to
allow for tank bending and flexibility. Provide maximum
calculated stresses in bolts under the three components of
earthquake (SSE), in pure tension as well as when tension
and shear are combined (if applicable). Provide a
comparison of these stresses with allowables.

RESPONSE:

As requested in Reference 3 and reported in Reference &, the
anchor bolt analysis was revised using classical methods to
be consistent with the foundation analysis. The analysis
for transmitting shear loads from the tank to the foundation
was also revised to consider the static friction between the
tank bottom and the concrete i~oting. With consideration
given to this static friction, it was demonstrated that tank
sliding will not occur and, therefore, the anchor bolts will
not experience any shear loads.

The tank base is anchored to the foundation by 2 inch
diameter anchor bolts and the base plate is provided with

3 &% inch diameter holes for the bolts. Since oversized bolt
noles are used, the static friction utilized in the analysis
for transferring shear loads is justified. BRased upon the
above, the anchor bolts have been adequately evaluated for
pure tension resulting from uplift loads. The maximum
tension load calculated in any anchor bolt under the three
components of the earthquake (SSE) is 9.864 kips; the
corresponding allowable tension per anchor bolt is 50.625
kips.






CALLAWAY & WOLF CREEK
RWST SEISMIC ANALYSIS
1. TANK MODEL - MASS

1 MASS FOR CONVECTIVE
(SLOSHING) EFFECTS

1 MASS FOR BASE SLAB
9 MASS POINTS FOR SHELL

AND IMPULS'VE
COMPONENTS OF FLUID
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RWST SEISMIC ANALYSIS
1. TANK MODEL - STIFFNESS

STRUCTURE - 3D BEAMS
(TANK SHELL ONLY)

BASE SLAB - 3D BEAM

CONVECTIVE (SLOSHING)
EFFECTS - SPRING

SOIL - SPRINGS
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RWST SEISMIC ANALYSIS

1. TANK MODEL - DAMPING

BASED ON SNUPPS FSAR
(REG.GUIDE 1.61)

STEEL TANK
OBE - 2%
SSE - 4%

CONVECTIVE FLUID
1/2 %

SOIL
(BASED ON SNUPPS
EHS/FEA STUDY APPROACH)



RWST SEISMIC ANALYSIS
2. FOUNDATION MEDIUM

- NRC SUGGESTION TO USE
SIMPLIFIED APPROACH

- CONSISTENT WITH EHS/FEA
STUDY

- RICHERT EQUATIONS

- LAYERING BASED ON
WEIGHTED AVERAGE
(DEPTH = BASE DIM.)

- USED DYNAM (BSAP
FAMILY OF COMPUTER
PROGRAMS
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RWST SEISMIC ANALYSIS

3. SUMMARY OF RESPONSE

MODES:

FREQ. MODE EFFECTIVE
RANGE MASS
(Hz)

22 (CONVECTIVE) 1 %
4.6/6.2 (1ST HORIZ) 70%
8.4/13.1 (1ST VERT) 93%



RWST SEISMIC ANALYSIS

4. TREATMENT OF MODES

HORIZONTAL DIRECTIONS

- HYDRODYNAMIC
COMPUTED PER NUREG
CR-1161 (SRSS OF
IMPULSE, SLOSHING AND
VERTICAL MODES

- HYDROSTATIC &
HYDRODYNAMIC
SUMMED ABS



RWST SEISMIC ANALYSIS

4. TREATMENT OF MODES

HORIZONTAL DIRECTIONS:
(CONTINUED)

- ONE HORIZ. ANALYSIS (DUE
TO SYMMETRY)

- 2ND HOR'Z. DIRECTION
IS 40% OF FIRST

- ADDED NOZZLE LOADS
FROM SEPARATE ANALYSIS
FOR EACH DIRECTION



RWST SEISMIC ANALYSIS

4. TREATMENT OF MODES
(CONTINUED)

- COMBINED TWO HORIZ.

DIRECTIONS AS VECTOR
SUM

- VERTICAL DIRECTION
CONSERVATIVELY ADDED
ABS TO HORIZ

- USED MULTIMODE
APROACH TO
COMBINE ALL MODES IN A
SPECIFIC DIRECTION



RWST SEISMIC ANALYSIS

5. SLOSHING HEIGHT

- BASED ON NUREG CR-1161

- CONSIDERED ROOF
STRESSES

- SNOW LOAD CONTROLLED
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RWST SEISMIC ANALYSIS

6. UPLIFT POTENTIAL

~ANALYSIS BY CLASSICAL
METHOD INDICATES UPLIFT
( 1.E. TENSION IN BOLTS)

~-TANK DISPLACEMENTS
CONSIDERED

IN PIPE ANALYSIS




RWST SEISMIC AMNALYSIS
7. OVERTURNING MOMENTS
~CONTROLLING CASES

-FULL TANK W/SEISMIC
~EMPTY TANK W/WIND

-BOLTS DESIGN PER CLASSICAL
METHOD, BOLTS TAKE TENSION |
LOAD ONLY

!
i
i

~-SHEAR LOAD TRANSFERRED

TO CONCRETE FOOTING BY
STATIC FRICTION BETWEEN
{ANK BOTTOM AND CONCRETE |
(OVERSIZED HOLES PROVIDED




RWST SEISMIC ANALYSIS

IN TANK BASE TO JUSTIFY
THE ABOVE)
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RWST SEISMIC ANALYSIS
8. STRESSES IN SHELL

- BASED ON ORIGINAL
SPEC. FOR TANKS

- ASME SECTION Il
SUBSECTION NC




RWST SEISMIC ANALYSIS

9. SUMMARY - HOOP STRESS
RIGID ANALYSIS:

-ONLY HYDROSTATIC
PRESSURES CONSIDERED

-PRESSURES COMPUTED AT
BASE OF EACH COURSE




RWST SEISMIC ANALYSIS

FLEXIBLE ANALYSIS:

-HYDRODYNAMIC AND
HYDROSTATIC PRESSURES
WERE CONSIDERED

-PRESSURES COMFUTED
ONE FOOT ABOVE BASE
OF EACH COURSE

THICKNESS REQUIREMENTS
COMPARED IN TABLE 1
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Compariscn Of Reguired Shell Course Thicknesses
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RWST SEISMIC ANALYSIS

9. SUMMARY - ROOF DESIGN

~-S_OSH HEIGHT OF 3.36 FT
(CALCULATED PER NUREG
CR-1161)

-PREVIOUS DESIGN LOADS

(ROOF SNOW LOADS)
CONTROL

~CONNECTION WELD BETWEEN

TANK ROOF AND CYLINDER
JUNCTION CHECKED




RWST SEISMIC ANALYSIS

9. SUMMARY - COMPRESSION

-SEISMIC GOVERNED OVER
WIND

-SSE CONTROLLED RIGID
ANALYSIS

-FLEXIBLE ANALYSIS
CONSIDERED CBE AND
SSE

COMPRESSION STRESSES
COMPARED IN TABLE 2



TABLE 2

Compariscn Of Longitudinal Compression Stressen (PSI)

Shell —neddd _Analvsis —tatxible Analyvsis
Sourses SLress Allovwakle —atkess = _Allowable
1 ® - 124 (====) 2698 (1484)
2 . - 165 (====) 2698 (1484)
3 1912 3307 140 (====) 4200 (2310)
4 2928 31933 2670 (====) 8400 (2970)
. “ ——- 4273 (2749) 7000 (38%0)
6 4238 4964 €584 (3327 ) 7000 (:960)

* Signifies Negligible
** Course 5 was enveloped by Course 6

In flexible analysis, OBE values are given in parenthesis,
Values shown as (~==~) wvere not computed since SSE stress vas
less than the OBE allowable.
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RWST SEISMIC ANALYSIS

SUMMARY - FOUNDATION

-SOIL PRESSURES

~-SHEAR AND MOMENT IN
BASE SLAB EVALUATED

~-SHEAR AND MOMENT IN
BASE SLAB ADJACENT TO
SUMP PIT EVALUATED

~-SHEAR AND MOMENT IN
SUMP PIT SLAB (2'-6"THICK )

EVALUATED




RWST SEISMIC ANALYSIS

~COMPARISONS PROVIDED
IN TABLE 3






