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EXECUTIVE SUMMARY

This report describes the soil-structure interaction (3S]) soil variation
analyses performed for the Class I structures (Auxiliary Building/ Internal
Structure/ Containment Structure and Intake Structure) at Omaha Public
Power District's (OPPD) Fort Calhoun Station, Unit 1. The objective of these
analyses was to incorporate effects due to uncertainties in soil preperties
into the in-structure response spectra developed for the plant. The analyses
in this repot complement those performed previously - and reviewed by the
NRC Su!?'— using best estimate soil properties.

The soil variation analyses were performed considering a 3 30% variation
in soil shear moduli from the Best Estimate (BE) case. This variation factor
is based on Fort Celhoun-specific soil data reported in the plant's Updated
Safety Analysis Report (USAR). Soil-Structure Interaction (SSI) analyses
were performed using Upper Bound (UB, +30% variation factor) and Lower
Bound (LB, -30% variation factor) soil properties.

The SSI soil variation analyses were performed using the same soil-
structure models and analysis procedures previously used for the BE
analyses, modified as appropriate to incorporate the new soil properties,
The ar.alysis methodology consists or frequency domain analyses in which
the site-pile foundation system is modeled by a series of frequency-
dependent impedance functions representing the stiffness and damping
characteristics of the Fort Calhoun site.

Analyses results were generated in the form of acceleration time histories
and then converted to acceleration response spectra generated at locations
and damping values consistent with those reported previously for the BE
analyses. The final broadened response spectra to be used for design and
analysis are given by the envelop of the UB and LB response spectra and the
+15% broadened BE spectra.

The SSI analyses were performed for the Saie Shutdown Earthquake (SSE).
The Operating Basis Earthquake (OBE) responses were obtained by
applying suitable scaling factors to the SSE response envelopes. The in-
structure response spectra plots are contained in Appendices A through D.
Parametric studies, performed to support licensing of the respouse spectra,
arz described in Appendices E and F.

Page 1



1.0

FORT CALHOUN UNIT 1

INTRODUCTION

This report describes the soil-structure interaction (SSI) soil variation
analyses performed for the Class I structures (Auxiliary Building/ Internal
Structure/ Containment Structure and Intake Structure) at Fort Calhoun
Station, Unit 1. The objective of these analyses was to incorporate effects
due to uncertainties in soil properties into the in-structure response spectra
developed for the plant as part of the Alternate Seismic Criteria (ASC) for
Fort Calhoun. The analyses reported in this report complement those
performed previously using best estimate soil properties and documented in
Reference 1.

The soil variation analyses were performed usingn: + 30% variation i* roil
shear moduli from the Best Estimate (BE) case. The 4 30% variatiuu r
is based on Fort Calhoun-specific soil data, as described in Section 2.4

this report. Throughout this report, the +30% variation analysis case is
called the Upper Bound (UB) case and the -30% vanatior. analysis is called
the Lower Bound (LB) case,

The free-field control motions used as input to the SSI evaluations consist of
a set of three time history components, one for each of the three mutually
orthogonal earthquake directions. This set of time histories is the same set
that had been used in the previous SSI evaluations for the best estimate case
(Reference 1). The response spectra of each of the three time histories
envelcp the Fort Calhoun Design Basis ground motion response spectra.

The UB and LB SSI scil variation analyses were performed using the same
SASSUCLASSI soil-structure models previously used for the BE analyses,
modified as appropriate to incorporate the new soil properties. The SSI
models are described in detail in Reference 1. SSI analyses parameters
used in the soil variation analyses are described in Section 2.0. The
analysis methodology consists of frequency d main analyses performed
using a substructuring technique. In this approach, the site-pile
foundation system is modeled by a series of frequency-dependent impedance
functions representing the stiffness and damping characteristics of the
Fort Calhoun foundation system. These impedance functions are
subsequently combined witl ‘he dynamic pioperties of the Fort Calhoun
structures to produce earth uake response time histories. A detailed
discussion of the analysis methodology is described in Section 8.0 of this
report.

The SSI analyses generated acceleration time histories that were converted
to acceleration response spectra at various locations throughout the
Auxiliary/Containment/Internal Structure and Intake Structure models.
Response spectra were generated at the base of each of these structures and
at major floor elevations. These lorations are consistent with the locations
reported previously in Reference 1. Response spectra were generated at
four damping values (2, 3, 5, and 7 % damping ratios for the SSE and 1, 2, 4,
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20 SOIL-STRUCTURE INTERACTION ANALYSES PARAMETERS

2.1

Control Motion Response Spectra

The control motion used in the SSI soil variation analyses is defined
by the Fort Calhoun design basis ground response spectra shown in
Figure 2.1. The design basis ground response spectra are of the
modified Housner shape anchored to 0.17g (horizontal direction) peak
ground acceleration for the Maximum Hypothetical Earthquake
(MCE), also called Safe Shutdown Earthquake (SSE), and 0.08g
(horizontal direction) peak giound acceleration for the Design
Earthquake (DE), also calied Opereting Basis Earthquake (OBE). The
vertical direction peak ground acceleration is 2/3 of the horizontal
direction.

Control Motion Time Histories

The contre! motion time histories consist of a set of three mutually
orthogonal and statistically independent components - two horizontal
and one vertical. Thece acceleration time histories constitute the
free-field input ground motions usca for the SSI analyses. The
acceleration tume histories have 20 seconds duration and were
developed in accordance with Reference 4. To ensure that there is no
deficiency in power over any frequency range, Power Spectral Density
(PSD) functions were developed, as documented ia Reference 2. The
time histories, associated response spzowa and PSD's have been
previously reviewed by the NRC staff, as docu nented in Reference 3.
Figures 2.2 through 2.10 show the response spectrum of these time
histories, compared with the design basis Housner spectrum, for 2,
5, and 7% damping, for the horizental and vertical directions.

Development uf Soil Properties for the SSI Soil Variation Analyses

The Fort Calhoun site consist of approximately 60 feet of silty sands
and fine sands overlying limestone bedrock. The site caa be
characterized as a relatively shallow site. Original surface elevation
ranged from +997 to #1004 feet. Bedrock elevation varied from
approximately 931 feet to 935 feet (Reference 5).

For purposes of SSI analysis, each layer in the soil profile is defined
by the following parameters: soil shear moduli, material hysteretic
damping (expressed as viscous damping ratio), Poisson's ratio and
soil mass density. Best estimate values of soil properties
characterizing the site were previously developed using Furt
Calhoun-specific geotechnical and geophysical data (References 5,7)
supplemented with data in Reference 6. The development of these
soil parametere for the BE analysis case is described in Reference 1.
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The Auxiliary Building, Containment Shield and Internal Structure
mod-2] is a three-dimensional stick model consisting of elastic beam
elements with lumped masses at major floor elevations., Each beam
element represents the stiffness of a section of the structure between
two floors and is located at the center of rigidity of that section. The
stiffness properties of each beam element are given by the section's
axial (Az) and shear areas (Ax, Ay), moments of inertia about the
horizontal axes (Ixx, Iyy) and torsional constant about the vertical
axis (Jzz). The mass of each floor consists of. the mass of the
concrete floor slab itself, heavy equipment, storage tanks and
contained liquid, steel platforms, and one-half of the concrete walls
above and below the particular floor. In addition, to account for other
light equipment, piping, and miscellaneous structural steel, a
distributed weight of 20 psfis uniformly distributed over the area of
each floor. The calculated total mass is lumped at the center of mass
of the particular floor elevation. Rigid links connect the centers of
mass with the centers of rigidity at each floor elevation. Thus, the
mode! captures torsional effects due to eccentricities that exist
between the center of mass and center of rigidity. The development of
the Auxiliary Building/Containment/Internal Structure is
documented in References 1 and 13. Figure 2.11 shows a sketch of
the mathematical model. Tables 2.2 and 2.3 tabulate the stiffness and
mass properties of the Auxiliary Building/ Containment/ Internal
Structure model. Consistent with previous BE case evaluations for
the SSE, structural damping of 7% of critical was used in the UB and
LB SSI analyses.

Fixed-base frequencies for the first ten modes (without SSI effects),
corresponding mass participation factors and modes description are
shown in Table 2.4. Forty modes were used in the actual SSI
analyses, with cumulative mass participation of over 90% in each
direction,

Intake Structure Model

The Intake Structure is located east of the Auxiliary and
Containment Building alongside the Missouri River. The lower part
of the structure is of concrete shear wall construction and the upper
part is of steel frame construction. The foundation mat is supported
on 64 piles driven to bedrock. The development of the Intake
Structure stick model followed similar procedures as the Auxiliary
Building/ Containment/Internal Structure model. The development
of the Intake Structure model is documented in References 1 and 14.
A sketch of the stick model is shown in Figure 2.12. Stiffness and
mass properties are summarized in Tables 2.5 and 2.6, respectively.
Fixed-basc frequencies for the first ten modes (without SSI effects),
corresponding mass participation factors and mode description are
shown in Table 2.7. Twenty modes were used in the actual SSI
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analyses, with cumulative mass participation of over 90% in each
direction.
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ANALYSIS METHODOLOGY

¥

Step 2: Dete. anination of Impedance Functions




dependent matrices describing the stiffness and damping
characteristics of the soil-pile foundation system. The real part of the
complex terms of the matrix represent the stiffness of the soil-pile-
group foundation system and the imaginary part represents the
damping of the system. A 6 x 6 matrix is generated for each
impedance freguency.

The SASSI models used for impedance computation incorporate the
piles driven to bedrock and capped to the concrete basemat . There
are 803 piles for the Auxiliary Building/Containment/Internal
Structure foundation and 64 piles for the Intake Structure
foundation. For purposes of impedance coraputation, the foundation
pasemats are considered to be rigid. This enables the entire pile
foundation system to be represented by a 6 x 6 component impedance
matrix at each frequency, as previously discussed. The assumption
of rigid basemat is appropriate because there are numerous walls
that stiffen the basemat in the out-of-plane direction. Also, since
some separation between the bottom of the basemat and the soil is
possible over time, the basemats are assumed not to be in contact
with the soil and, therefore, its contribution to the impedance is
conservatively neglected, i.e.: the hasemal impedance is not added to
the pile impedance.

Step 3: SSI Response Computation

Solution of the coupled (soil-pile foundation-structure) sy'stem of
equations of motion using the results from Steps 1 and 2, and the
fixed-base dynamic properties of the superstructures produces
structural responses. These are in the form of acceleration time
histories at specified locations throughout the structural model. The
CLASSI program (Reference 9) module SSIN is used 1n this step to
compute time histories of response using a trequency domain
analysis approach. A total of 4096 points are used in the Fourier
decomposition. The response acceleration time histories are
calculated at a time step of 0.01 seconds. The response acceleration
time histories are used to obtain floor response spectra at 2, 8, 5, and
7% damping ratios using the program RESPEC (10).

Consistent with the BE analyses, the models of the superstructures
include rigid links extending from the centers of mass to the
locations farthest away from the centers of mass, locations at which
the contributions from rocking and torsion would be the larg
Respounse spectra generated at these locations are enveloped and
these enveloped spectra constitute the response spectra applicable to
the entire floor at a particular elevation.
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ANAI 'SES RESULTS

This section contains the results of .he SSI soil variation studies. UB and
LB S8I analyses were performed for both, the Auxiliary/Containment/
Internal Structure and the Intake Structure. Results were obtained in the
form of absolute acceleration time histories at various locations throughout
the models. The acceleration time histories were then used to generate in-
structure response spectra. The analyses procedure and results are
documented in Reference 11 for the Auxiliary Buildiug/Containment/
Internal Structure and Reference 15 for the Intake Structure. A summary
of the results is provided below.

Auxiliary Building/Containment/Internal Structure

Examination of the response spectra obtained from the SSI analyses
indicates that the in-structure response spectra are heavily influenced by
the dynamic response amplification of the soil column overlying bedrock,
with some lesser influence from the pile system. This is true in particular
for the horizontal direction. The }-nzontal resonant frequencies of the
combined soil-pile-structure systera are about 2.3, 2.7 and 1.9 Hz for the BE,
UB and LB, respectively and are dominated by the soil column response
frequency. As expected, the in-structure spectra amplifies over the range of
frequencies noted above. This is shown in Figure 4.1 which shows a
comparison of the 2% damped response spectra of the free-field input
ground motion (time history and Housner design basis) and the response
spectrum obtained at basemat elevation from the SSI analyses (envelope of
BE, UB and LB). The amplification seen for the Fort Calhoun site is
consistent with amplification factors found for shallow sites (Reference 12).
The pile system has a larger influence in the vertical direction; the
combined soil-pile vertical resonant frequencies are 4.3 and 15.3 Hz for the
BE case, 4.8 and 17.4 Hz for the UB case and 3.6 and 12.6 Hz for the LB case.
Figure 4.2 shows a similar comparison for the vertical direction.

Intake Structure

The Intake Structure response spectra exhibits similar overall response
characteristice as the Auxiliary/Containment/Internal Structure. That is,
the Intake Structure response spectra is also heavily influenced by the
dynamic response amplification of the soil column overlying the bedrock.
The horizonta: resonant frequencies of the combined soil-pile-structure
system are about 3.2, 3.8 and 2.5 Hz for the BE, UB and LB, respectively.
These frequencies are higher than those seen for the Auxiliary/
Containment/ Internal Structure because of the shorter depth of the soil
column in the case of the Intake Structu=~ due to its larger embedment
depth. Figure 4.5 shows a comparison of . .e 2% damped response spectra
of the free-field input ground motion and the response spectrum obtained at
an clevation close (o the basemat from the SSI analyses (envelope of RE, UB
and LB). Figure 4.6 shows a similar comparison for the vertical direction.
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¢ The BE respouse spectra, broadened by a factor of £15%. This
broadening factor accounts for uncertainties other than soil
property related uncertainties,

¢ The UB response spectra, obtained from the soil variation studies,
and;

¢ The LB response spectra, obtained from the soil variation studies.

The enveloped end broadened spectra were further smoothed by hand
to produce the final SSE response spectra, contained in Appendices A
and B of this report for the Auxiliary Building/Containment/Internal
Structure and the Intake Structure, respectively,

Generation of In-Structure Response Spectra, OBE

The development of response spectra for the OBE is based on the SSE
response envelopes appropriately scaled to reflect the OBE/SSE peak
ground acceleration ratio and other effects such as lower struccural
“=d soil damping and possible frequency shifts due to smaller strains
within the soil profile.

The ratio between OBE and SSE free-field input is 0.47 (0.08g/0.17g).
However, as discussed aboe, when OBE responses are obtained by
scaling of SSE responses, this ratic is typically higher, primaril
because of the lower damping in the OBE analysis. In order to derive
an appropriate (and bounding) ratio for scaling SSE vesponses to
obtain OBE response spectra for Fort Calhoun, a review of the SSE
and OBE in-structure response spectra peaks was made for the BE
case analyses (Reference 1), Based on this review, OBE to SSE ratios
of 0.6 or less were observed. The ratio is less than 0.6 in most cases,
particularly in the vertical direction. Based on this review, a factor of
0.6 was selected to corservatively scale the amplitudes of the SSE
response envelopes. In addition, a frequency shift of 7% was obtained
from the SHA.KEe soil column OBE analyses with respect to the SSE
s0il column analysis. Therefore, the scaled OBE curves were further
broaden by 7% to the higher frequency side. The OBE procedure and
OBE response envelopes are documented in Relerence 15 for the
Intake Structure and 16 for the A.xiliary/Containment/Internal
Structure. The final OBE response spectra are contained in
Appendices C and D of this report for the Auxiliary Building/
Containment/Internal Structurve and the Intake Structure,
respectively.




5.0

SUMMARY

This section summarizes the results of the 88 soil variation studies. UB
and LB 88I analyses were performed using the same models and analyses
me*hods used previously for the BE case analyses. An uncertaint
variation factor of £30% of the best-estimate properties was applied to the
soil shear modulus to develop new properties used in the 881 variation
analyses. New SSE response spectra were generated by enveloping tha
response spectra obtained from UB and LB analyses and the B analyses
broadened by £15%. The OBE response spectra were obtained by scaling the
8SE response spectra by a factor of 0.6 and additional broadening equal to
7% to the higher frequency side of the spectral peak. The final set of
response spectra for the Class I structures are contained in Appendices A
through D of this report.
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TABLE 25

INTAKE STRUCTURE STIFFNESS PROPERTIES

AXIAL SHEAR SHEAR Mom of Mom. of Mom._ of
ELEVATIONS AREA AREA AREA INERTIA INERTIA INERTIA
(FT) Ay (P12 ARy | A Loy (FEO l Loy (FE4) I,y (Ft®)
10245 TO 103563 3624 00827 0177 232073 4534 75 240
10145 TO 192150 2624 01016 0209 232073 4534 75 3113
10075 TO 101450 244 160 S 128980 210004 M)
9935 TO 100750 1% 1 1106 1189591 1547594 L Lt ]
9850 TO 993 50 1595 537 1067 HORI56R 1371371 1503321
9746 TO 98550 1529 455 1044 1 HI3SR? 1114197 1305460
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TABLE 27

INTAKE STRUCTURE

FIXED-BASE FREQUFNCIES AND MODES

Mode icipati , Description of
Ne. (Hz} X-Dir (NS) Y-Dir (EW) Z-Dhr (V) Mode!.2
1 56 4 0 0 X@sF
2 79 1 1 0 Y@cF
3 R4 4 1 0 Torsion @ SF
1 129 5 1 0 X @SF
5 185 5 5 0 Y@SsSF
6 206 S $ 0 Torsion @ SF
7 23 B 5 ¢ X (Main)
8 308 @ B 1 Y (Main)
9 363 @ &= 1 Y
10 476 R ¢ . 2] 34 Vertical (Main)

(1) X = NS Direction
Y = EW Direction
SF = Steel Frame
Note: Only first ten modes listed Twenty modes were used in the analysis, with cumulative MPFs of over 90% in each direction
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APPENDIX E

FORT CALHOUN STATION, UNIT 1
STRUCTURAL PROPERTIES VARIATION STUDIES
(6 pages; this cover page not included)




E1.0 INTRODUCTION

This Appendix describes the parametric analyses perflormed to
assess the effect of variation in structural properties on the in-
structure response spectra developed for Fort Calhoun Station.

E20 ANALYSIS MODEL

The analysis model used for the parametric evaluations consisted of
a three-dimensional soil-springs soil-structure interaction model
and is briefly described below.

The soil spring constants useu .o represeut the site/foundation
characteristics correspond to the design basis constants contained in
the plant's USAR (Reference E-1). The soil spring constants in the
plant's USAR are based on results from in-situ tests of the combined
soil-pile system, performed at the Fort Calhoun site at the time of
plant construction.

The st-uctural properties in the SSI model correspond to the updated
three-dimensional 1nodel of the Auailiary Building/Containment/
Internal Structure developed as part of the Alternate Seismic
Criteria (ASC), and used in the ASC SASSU/CLASSI SSI calculations
(Reference E-2). Thus, the structural model is an updated three-
dimensional representation of the Fort Calhoun structures.

Two SSI analysis were performed using the same soil-spring
constants, but varying the stiffness properties of the superstructure
The first analysis used design-basis values to calculate the elastic
shear stiffness of the building walls. In the second analysis, the
elastic stiffness values are multiplied by a factor of 0.6. This factor
represents a reasonable range of structural stiffness degradaticn,
and is based, in part, on review, by others, of shear wall test data
(Reference E-3). The actual range of variation is likely to be less,
because stiffness degradation due to cracking is counteracted by the
stiffness ircrease due to concrete aging.

The SSI analyses were performed using the north-south frce-field

time history used in the SASSI/CLASSI ASC SSI evaluations

Meference E-2). The mode: and analyses results are described in
weference E-4.

E3.0 ANALYSES RESULTS

Results were generated in the form of resporse spectra at various
locations throughout the Auxiliary Building/Containment/Internal
structurc model. These are shown in Figures E-3.1 through E-3.4.
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E-1

E-2

E-3

Comparison of in-structure response spectra with and without
variation of structural stiffness properties indicates that relatively
large changes in structural-related stiffness causes only a mino.
effect on the overall SSI system response. This is because the
response for a soil site such as Fort Calhoun's is dominated by the
coupled soil-structure frequency.

SUMMARY

This appendix describes the parametric evaluations perforraed to
assess the effects of changes in structural stiffness properties. A
soil-springs model is used for the SSI1 evaluatiuns. The model of the
building structures is the detailed three-dimensional model used in
the ASC SSI evalautions. Results of the analyses indicate that
relatively large variation in structural stiffness properties has a

negligible effect on the in-structure response spectra for Fort
Calhoun.

REFERENCES

Updated Safety Analysis Report {USAR) for Fort Calhoun Station,
Unit 1, Revision 7/87.

"Generation of In-Structure Response Spectra for Fort Calhoun
Station, Unit 1". Report Prepared for the Nuclear Regulatory
Commission by Omaha Public Power District, January 1989. (ABB
Impell Report No.01-1390-1711, Rev.0)

Moehle, J. P., Sozen, M. A., Tang, H. T. "Concrete Wali Stiffness:
Calculation Versus Measurement”. Paper IX/2 presented at the

Third Symposium on Current Issues Related to Nuclear Power Plant
Structures, Equipment and Piping. December 1990,

ABB Impell Corporation Calculation: "Structural Stiffness
Properties Variation Study”, Calculation No. 0139-00378-03, Rev.0,
Project 0139-00378, April 1992,
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SOIL-STRUCTURE INTERACTION DAMPING STUDY
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F1.0 INTRODUCTION

At the September 5, 1991 meetir ¢ with the NRC Staff, OPPD was
requested to provide clarificat) .ii on how radiation damping is
considered in the S&T analy. s methodology. Specifically, OPPD was
requested to estimate the amount of radiation damping due to the
piles and to clarify that the contribution of the basemat impedance is
not added to the pile inupedance (Open Item 4b, Reference F-1). This
Appendix describes the parametric soil-structure interaction (88I)
analysis performed to address this open item.

RADIATION DAMPING: ANALYSIS MODEL AND RESULTS

To estimate the amount of radiation damping in the Fort Callivun
soil-pile foundation system, as calculated by the SASSI/CLASSI
model used for the Alternate Seismic Criteria (ASC) SSI
calculations, a free-vibration analysis was performed. The SSI
analysis model used corresponds to the "best estimate” case model
cescribed in Reference F-1. In this model best estimate soil
properties were used and a SASS] model of the pile-foundation
system was developed to generate impedance functions. The SASSI-
generated impedance functions are combined with the dynamic
properties of the superstructure and the input time history to produce
structural responses throughout the structure using the CLASSI
program.

The analysis approach consisted of applying a very short duration
(0.2 seconds) acceleration pulse to the model and determining the
free-vibration response time history at the basemat location. The
total damping in the system was estimated from the logarithmic
decay of the basemat response by using the following standard
expression:

8, - 8p4)
£ = x 109
21‘ an+l

The decay function of the response at the besemat location is shown
in Figure F2.1. This response and expression (1) are used to
calculate the total damping in the 8S! system. The estimated total
damping as given by expression (1) is 13.1%. Assuming that the total
damping is the sum of the radiatior and material portions, the
radiation damping portion can be st mated by subtractior. of the
material damping from the total damy.ng. The average n aterial
damping from the soil column analysis is 6.3% (Reference *-1).

v
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F5.0
F-1

damping due to actual embedment has not been considered (the
analysis model is surface founded) The free-vibration analysis and
results are documented in Reference F-2.

IMPEDANCE COMPUTATION

As described in the main body of this report, the analysis model used
for impedance computation is a three dimensional SASSI model.
This model incorporates the site configuration, layering and soil
properties as well as the pile system configuration and properties
Separate SASSI models were developed for the Auxiliary/
Containment/Internal Structure and the Intake Structure. The
basemat in these SASSI models is not explicitly modeled, but is
considered rigid for purposes of condensing the entire pile-
foundation system to a 6 x 6 matrix (at each frequency) which
characterizes the force-displacement relationships of the foundation
system. Thus, impedance contribution from the basemat is
conservatively neglected and therefore pile impedance is not added to
the basemat impedance. The approach used for impedance
computation considers that the basemat, over time, may separate
from the soil surface.

SUMMARY

This appendix describes the analytical study performed to determine
the amount of radiation damping in the SSI model used to develop in-
structure response spectra for Fort Calhoun. Based on free-vibration
analysis results, the total critical damping ratio in the SSI system is
estimated at 13.1%. Since material damping ratio is approximated
as 6.3‘7{. the radiation damping portion is estimated to be 6.8% of
critical.

In addition, the modeling approach used for computation of
impedance functions conservatively neglects the impedance
contribution from the basemat and is based only an the pile
contribution, i.e.: the basemat impedance is not added to the pile
impedance.

REFERENCES

"Generation of In-Structure Response Spectra for Fort Calhoun
Station, Unit 1". Report Prepared for the Nuclear Regulatory
Commission by Omaha Public Power District, January 1989. (ABB
Impell Report No.01-1390-1711, Rev.0)
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below.
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deterforation with the records of
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h WTE: If an evidence of significant structural
¢ deterioration s noted, corrective action
: must be initiated.
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a4 Radlation
f the tank.

ASS1ign an individual to be the
station watch outside che tank to
render assistance to the individual
entering the tank. i(niividual
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;altronics in order to have direct
‘ommunication with the control roos
in Case of an emergency. This
individual shall maintain personnel
accountability and have (_

verbal _______ line of sight) contact
with personnel working inside o* the
tank, (Job foreman/supervisor will

ietermine contact requirements.)
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ENCILLOSURE 5

HVAC DESIGN BASIS VS ASCM
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COMPARISON OF HVAC

LESIGN CRITERILA

CRITERIA:

DESIGN BASIS

ASCM’

Limited by Stress

Restraint Spacing 8'-0"
Seismic Acceleration Per appropiiate FRS
R gid H=0.3i1lg, v=0.129g based on calculated
~ Non-rigid USAR Spectra L frequency

Normal! Allowables

1.0*Working Stress

l.0*working Stress

Upset (OBE) Allowables

1.33*Normgl

S

Emergency Allowables Not Defined
Faulted (SSE) Allowables
Cold Formed 0.9*Yield
Hot Rolled 0.9*vield

1. 0*Normal

1.33*Mormal

1.60*Normal
1.0*Yield

Seismic Loads

Horiz + Vert

SRSS(.., Y, Z)

‘Comparison is for Qualification by "Analysis” method only since other methods in

not addressed by Design Basis.

ASCM are



