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1 . INTROOUCT ION

The seismic qualification for the storage tanks at the R. E. Ginna
nuclear power plant has been performed by Stevenson E Associates in
References 1 to 3. The storage tanks analyzed are the Refueling Water
Storage Tank (RWST), Vertical Hold-.up Tanks, and the Waste Hold-up Tank.
A review of the Stevenson E Associates qualification reports has been
conducted by Structural Mechanics Associates, Inc. (Ref. 4) in support of
EGEG Idaho, Inc. The solutions to some of the issues r aised in the
review and the analysis of RWST under external nozzle loads are presented
in this report.

Section 2 of this report contains .the summary of the results. Section 3
presents the analysis procedure and results for the nozzle load
analysis. Section 4 shows that the shear cone pull-out capacity is
greater than then yielding capacity of the anchor bolts. Section 5
provides an alternative analysis for the Waste Hold-up Tank for which
peak of the response spectra is used for the transverse direction seismic
response.





2. SUMMARY OF RESULTS

The results of the nozzle analysis indicate that the 10-inch nozzle near
the base of the RWST resist the combination of the deadweight, injection,
phase loading, and the SSE loading within the limits of the acceptance
criteria. The minimum factor of safety is 1.35.

The analysis of the shear cone pull-out capacity indicates that the
previous analysis based on yielding failure of the anchor bolts is
satisfactory., The strength of concrete shear cone pull-out is much
greater than the yield strength of the anchor bolt.

The re-analysis for the Waste Hold-up Tank based on the peak of the
spectra shows that the stresses are still within the acceptance
criteria. This is because the transverse direction is less critical for
the stresses concerned. The effect of non-full tank conditions are also
considered. The results show that full tank is the most critical
condition due to the low frequencies associated with the sloshing modes.
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3. NOZZLE LOAD ANALYSIS FOR RWST

The nozzle considered is the 10-inch butt welding nozzle near the base of
the RWST. Both the tank shell and the reinforcing plate have a thickness
of 5/16-inch.

Loads

External piping loads due to deadweight injection phase, and safe
shutdown earthquake (SSE) are considered. The magnitude of the loads is
provided by RG8E in Ref. 5 and is tabulated in Table I.

The stresses in the tank wall due to hydrostatic pressure and SSE seismic
loads are also considered and combined with the piping loads.

~ Acce tance Criteria

The acceptance criteria for the analysis is based on ASNE Pressure Vessel
It Piping code, Section III, Division I, Subsection, NC-3867. The stresses
calculated are:

Primary membrane stresses due to internal pressure
Primary membrane stresses due to tank seismic response
Local membrane stresses due to external piping loads

Peak stresses due to stress concentration at the corners and the local
bending stresses due to external pi ping loads are not calculated since
fatigue need not be considered in seismic qualification.

The allowable stress is 2.4S according to the code. From the value of S

given. in Ref . 1, the allowable stress is

Allowable stress = 2.4 x 17.8 = 42.7 ksi

Anal sis Procedure and Results

Stresses in the tank wall due to hydrostatic pressure and tank SSE
response are obtained from Ref. l.
The local membrane stresses due to external piping loads are calculated
using the Bijlaard's method. (Ref. 6). The stresses at eight response
points are calculated (see the figure in Table II). For locations
immediately adjacent the nozzle, a tank wall thickness of 5/8-inch is
used in the analysis. For locations at the junction of the reinforcing
plate and the vessel, the nozzle diameter is taken to equal the
dimensions of the reinforcin'g plate while using 5/ 16-inch as the tank
wall thickness. This procedure is suggested by Bijlaard in Ref . 7 and 8
for cases with reinforcing pads and has been shown to yield conservative
results.

The resulting maximum principal stresses and the safety margins are
summar ized in Table II.
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Types of
Loading

Deadweight
Injection

Phase
SSE
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Location

A

B

C
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Maximum Princi pal
Stress (ksi)

14.7
14.4
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3.0
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TABLE II Maximum Pricipal Stresses and Safety Margins
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4. ANCHOR BOLT SHEAR CONE PULL-OUT CAPACITY

In the previous analysis report for RWST (Ref. 1), The capacity of the
base anchor bolts is assumed to be governed by the yielding of the anchor
bolts. The allowable load for one bolt is equal to 132 kips. There has
been questions as to whether the capacity may be governed'by the pull-out
of the concrete shear cone.

Based on ACI 349-77, Appendix B, and taking into account the reduction of
capacity due to overlapping of adjacent shear cones, the allowable loaa
for one bolt is 312 kips. This verifies the validity of,the previous
anal ys is.
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5. ALTERNATIVE ANALYSIS FOR THE WASTE HOLDUP TANK

In the previous qualification report for the Waste Holdup Tank (Ref. 3),
the fundamental frequency for the tank in the transverse direction had
been'alculated and was shown to be rigid. The review by SMA (Ref.- 4)
questioned the validity of the calculation and suggested that the
fundamental frequency would occur at a" lower frequency.

Due to the complex geometry of the structure, the basic assumptions in
the approximate analytical analysis cannot be easily justified save for a
full scale finite element analysis. An alternative analysis procedure,
using 1.5 times the peak of the response spectra at 7X damping as the
applied lateral load, is performed for the transverse direction seismic
response. The resulting stresses are summarized in Table III, where all
the stresses are the same as in Ref. 3 except that the stresses due to
transverse earthquake are increased by the new spectral acceleration.
The results show. that the stresses are still well within the allowable
level even with the conservative spectral acceleration assumed. This is
because the transverse direction is by far the less critical direction
for the stresses concerned.

The effects of sloshing for partially full tanks are also evaluated. The
frequencies for the Waste Holdup Tank with water levels of 1/4, 1/2, and
3/4 depth are calculated based on the figures in Ref. 9. The frequencies
are 0.40, 0.44, and 0.54 Hz in the transverse direction and 0.12, 0.18,
and 0.23 Hz in the longitudinal direction. The corresponding spectral
accelerations at 0.5X damping are 0.109, 0.116, and 0.134 g in the
transverse direction. Since these spectral accelerations are far less
than the accelerations considered for the full tank case, it is concluded
that the full tank is the most critical condition for stress evaluation.





Component

TANK WALL
Membrane Stress
Local Bending Stress
Ring Compression

SPHERICAL HEAD

Membrane Tension

ANCHOR BOLTS
Tensile Stress

SADDLE SUPPORT
Tension in Flange
Flange Bending
Web Compression
Center Stiffener
End Stiffener

WELDING
Tank-Saddle

Maximum Stress
(ksi)

5.9
65
11.9

1.2

23.5

1.0
35.5

1.6
4.0
5.2

10.5

Allowable Stress
(ksi)

35.6
80
35.6

35.6

40.6

24
39.6
45
36
36

36

Safety Factor

6.0
1.23
2.99

30

1.73

24
1.12

28
9.0
6.9

3.4

TABLE III Calculated Maximum Stresses and Safe Margins
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