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By letter dated December 2, 1988, Omaha Public Power District (OPPD) submitted 
the document, "Alternate Seismic Criteria and Methodologies for Fort Calhoun 
Station,• to the NRC for review and approval. This document proposed 
alternate seismic criteria and methodologies (ASCH) for design and analysis of 
structures, systems, and components which differed from or did not exist in 
the criteria provided in the fort Calhoun Station (FCS) updated safety 
analysis report (USAR) Appendix F, "Classification of Structures and Equipment 
and Se i smic Criteria . • This document was intended to provide an alternate 
design basis for future new designs, modifications, and reanalyses of piping 
and pipe supports, electrical raceways, heating-ventilation-air-conditioning 
(HVAC) systems and components, and associated anchor bolts. 

The staff, with the assistance of Brookhaven National Laboratory (BNL) 
performed a detailed review and evaluation of the above document. An 
e x t e ~ si v e l is t of cor.~ents and questions was generated by BNL . These comments 
and questions formed the basis for a request of additional information (RAJ) 
which was sent to OPPD on December 6, 1989 . In responding to the RAJ on 
July 6, 1990, the licensee decided to address only the questions related to 
the areas of primary importance. The licensee determined that these areas 
were ref ined seismic response spectra, seismic analysis methods for piping, as 
well as criteria and seismic analysis methods for HVAC systems. The scope of 
the ASCH document was revised accordingly to cover only those areas. 

The NRC subsequently sent a second RAJ to the licensee on June 3, 1991, based 
on the Btll's review of the above July 6, 1990, licensee responses. On 
June 17, 1991, the NRC staff issued its evaluation (Ref. I) of parts 1 and 2 
of the document titled "Alternate Seismic Criteria and Methodologies for fort 
Calhoun Unit 1" submitted by the licensee, OPPD. Subsequently, several 
meetings and conference calls were held with OPPD to resolve the issues on 
items the NRC staff questioned (Ref. 2). These discussions culminated in a 
submittal of July 31, 1992, by OPPO titled "Resolution of Remaining NRC Open 
Items on Alternate Seismic Criteria and Methodologies (ASCM)" (Ref. 3). A 
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conference call was held on September 22, 1992, to seek clarification on some 
NRC staff concerns. The staff considers the amended version of the ASCH as 
documented by the July 31, 1992, submittal acceptable, with the exception of 
damping values for non-rectangular cold-formed duct structures, which would 
need further staff review. The ASCH also proposed HVAC qualification by 
experience data, but was unable to provide the source of the data . The staff 
concludes that the use of this approach Is not acceptable at this time . . 
However, OPPD agreed that If this approach was to be pursued, supporting 
experience data and the methodology would be submitted for NRC review and 
final approval prior to its application . 

BACKGROUND 

The original OPPO ASCH document, which was submitted to NRC on December 2, 
1988, proposed a comprehensive set of alternate criteria and analysis methods 
for piping (large bore, small bore, and instrument tubing), pipe supports 
(standard component type supports and linear type supports), electrical 
raceways (conduits, cable trays, raceway supports, and raceway-to-support 
connections), HVAC (ducts, supports, and miscellaneous hardware), and anchor 
bolts used for the piping, raceway, and HVAC systems. The licensee stated · 
that these criteria and m~thodologies would not replace those given In the 
current Fort Calhoun USAR, but would provide an alternate basis for future new 
designs, modifications, and reanalyses of systems and components . 

The staff found that the licensee was proposing the use of more recent Codes 
and Standards including the American Society of Mechanical Engineers Boiler 
and Pressure Vessel (ASHE) Code, Summer 1981 Addenda, recent Code Cases 
including N-411, "Alternative Damping V~lues for Response Spectra Analysis of 
Classes I, 2, and 3 Piping, Section Ill, Division 1," and N-397, "Alternative 
Rules to the Spectral Broadening Procedures of N-1226.3 for Classes I , 2, and 
3 Piping, Section Ill, Division I," the American Iron and Steel Institute 
(AISI) Cold Formed Steel Hanual - 1986 Edition, and Institute of Electrical 
and Electronics Engineers (IEEE) Standard 344-1987, "IEEE Recommended Practice 
for Seismic Qualification of Class IE Equipment for Nuclear Power Generating 
Stations.• However, the ASCH document also proposed several exceptions to 
Code requirements. The exceptions included the use of plastic strain limits 
for piping, a 20% increased yield strengt~ for pipe supports to account for 
strain rate effects, a ductility ratio limit of three for pipe supports, use 
of experience data in place of analysis for electrical raceways, and reduced 
safety factors for expansion anchor bolts. In order to justify the proposed 
exceptions, the licensee relied on several recent programs which permitted the 
use of relaxed seismic criteria. These programs were related to the 
resolution of the IIRC Unresolved Safety Issue (USI) A-46, "Seismic 
Qualification of Equipment in Operati ng Plants,• seismic criteria developed 
for Systematic Evalution Program (SEP) plants, the San Onofre Nuclear 
Generating Station Unit I (SONGS-I) seismic reevaluation program, and 
recommendations documented In NUREG-1061, Volume 4, "Report of the USNRC 
Piping Review Committee: Evaluation of Other Loads and Load Combinations.• 
Since many of the exceptions have not been endorsed for general use by NRC , 
the preliminary review performed by the staff and BNL was based on acceptance 
criteria given in the current NRC Standard Review Plan (SRP) and Regulatory 
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Guides (RGs). An extensive list of questions was prepared by BNL, in which 
the licensee was asked to provide addit1onal plant-specific justification for 
deviations from currently accepted Codes and industry practices. This 1\•t of 
questions was sent to the licensee as ~ request for additional information 
(RAil on December 6, 1989. 

The OPPD response to the RAI was submitted on July 6, 1990. The submittal did 
not respond to all the questions that were raised by the staff. Instead, the 
licensee reevaluated the proposed criteria and identified areas of primary 
importance; those which were most needed or offered the most significant 
benefit. These areas were refined response spectra, Code Case N-411 damping, 
equivalent static coefficient method, linear time history method, and HVAC. 
The licensee provided responses to the 16 questions that were related to these 
areas. The remaining areas were considered to be of secondary importance, and 
were not addressed . The licensee stated that those areas may be . pursued in 
the future or may be abandoned if a need or significant benefit no longer 
exists. 

Based on the BNL's review of the licensee's responses, the NRC sent a second 
RAJ to the licensee on June 3, 1991 . The licensee and its consultants 
subsequently met with staff and BNL at NRC headquarters on September 5, 1991, 
and on April 23, 1992, to clarify the issues and discuss approaches for final 
resolution of the remaining open items. During these meetings, the licensee 
informed the staff that the use of Code Case N-411 damping and the proposed 
yield strength increase for HVAC supports would no longer be pursued. 

OPPD then submitted the final responses to the second RAI on July 31, 1992 . 
This submittal included the revised ASCM document . The scope of this revised 
document was significantly reduced from that of the original document. It 
included the refined seismic response spectra, seismic analysis methods for 
piping, and qualification criteria and seismic analysis methods for HVAC. The 
submittal also provided final resolutions to the ten remaining open items. 
Four of the open items were related to the development of the refined seismic 
r~ sponse spectra and the six were related to the proposed piping and HVAC 
analysis methods and criteria. The following evaluation addresses the 
acceptibility of the revised ASCH document which incorporates the licensee's 
final resolut iohs to the related issues. 

EVALUATION 

A. HOUSNER GROUND RESPONSE SPECTRUM 

The licensee agreed to use the Hausner ground response spectrum anchored to 
0.17g as defined in the USAR applied at the foundation elevation in the free 
field as input to the soil-structure interaction (SSI) analysis. The actual 
time histories used in the analysis will be the identical time histories used 
in the original design of the plant structures. In view of the fact that the 
plant design predates the revision 2 of the SRP, the staff deems the practice 
of applying the input motion at the foundation elevation in the free field 
acceptable. In addition, the staff accepts the arguments made with respect to 
the adequacy of the power spectral density because there appears to be 
adequate energy in the frequency range of importance to the design. 
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B. OVERTURNING AND SLIDING 

This item relates to the lack of documentation to show that the pile system 
design accounted for the overturning and sliding forces acting on the Intake 
Structure (SRP Section 3.7.2). Subsequent to its April 23, 1992, meeting with 
the staff, OPPO reviewed the original design basis documentation, and found 
that seismic vertical and shear forces and overturning moments were calculated 
from a seismic response spectrum analysis of Class I structures (Ref . 3). 
OPPO also found that the piles supporting these structures were designed to 
withstand the concurrent loads of normal, accident and seismic forces. In a 
table provided in Ref. 2, OPPO has compared the pile stresses based on the 
ASCH seismic accelerations of structures with those assumed in the design of 
the structures, and shown that the original design stresses In the Intake 
Structure piles are about 5% less than the ASCH-predicted stresses. It is the 
j udgment of the staff that this difference in pile stresses is not sign i ficant 
and that the original design has adequately accounted for the seismic 
overturning and shear loads on the piles . Thus, the staff considers this item 
closed. 

C. ACCIDENTAL TORSION 

In response to a staff request for additiona l information regarding accidental 
(m inimum) torsion and the method of generating spectra for the ASCH , OPPO has 
stated that the three dimensional dynamic model used in ASCH considers the as 
built eccentricities and properties of the plant. The model includes offsets 
between the mass and stiffness centers for each major elevation of the plant 
structures. OPPO has further stated that, in the ASCH calculations, the 
res pon ses of the structures are calculated for the simultaneous seismic 
excitation in three directions, and that torsional degrees of freedom are 
included in those responses . The ASCH floor response spectra (FRS) were 
derived as an .envelope of the responses obtained at the extreme corners of 
each floor elevation and that at the center of mass. Therefore, OPPO states, 
and the staff agrees that, the envelop i ng of the maxima from all FRS curves 
for each floor elevation introduces sufficient ma1·gin of conservatism to 
consider the possible effects due to accidental tors ion. To illustrate this, 
OPPO has shown that the enveloping procedure results in higher (corner) 
spec tra than that at the center of gravity (Enclosure 2 of Ref. 3) . 

In view of these considerations, the staff considers this open item closed. 

0. UPPER BOUND SOIL PROPERTIES 

Initially , OPPO used only a "best estimate (BE)" value to represent the in 
situ soil properties to obtain floor response spectra and subsequently 
broadened these spectra by +/- 15% to arrive at seismic design spectra for 
equipment design and analysis. Because of the possibility of variation of 
soil properties the staff required that OPPO perform a parametric study and 
show that the effects of soil property variation could be included within the 
+/- 15% spectra peak broadening methods used to develop the design FRS and if 
not upper and lower bound soil properties should be considered. OPPO 
performed such a study varying the sol~ shear modulus by +/-30%. For this 
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study, OPPO used the SASSI/CLASS! model of the Auxiliary and Containment 
buildings . In Its analysis, OPPO used 1.3 times the BE value of the soil 
shear modulus for the upper bound (UB) case, and 0.7 times the BE value for 
the lower bound (LB) case. OPPO then enveloped the UB and LB results and the 
previously derived +/- 15% broadened BE case to arrive at the final FRS wh i ch 
will be used for design and analysis. 

NUREG-0800 Revision 2 states that, unless the site Is well Investigated, the 
variation in soil properties should be considPred by performing SSI analyses 
using three sets of values, taking the UB value at twice the BE value, and the 
LB value at one-half of the BE value. However, OPPO has taken the UB value as 
1.3 times the BE value, and the LB value as 0.7 times the BE value, because 
the soil property variability at Fort Calhoun has been substantially reduced 
by the extensive remedial treatment at the time of construction. OPPO 
performed a statistical analysis of 696 standard penetration tests after the 
site was densified, and found that the relative density for the entire area 
was not less than 85% at an overall confidence level of 96.5% (Ref. 3). In 
view of these considerations the staff agrees with OPPO that the use of 1.3 
times the BE value for the UB value is adequate, and considers this open item 
closed. 

£. RAOIATIOtl DAMPING 

lhis item deals with the question of radiation damping considered in the SSI 
analysis . OPPO has reported that it performed a free vibration analysis of 
the SSI model, and calculated the logarithmic decay of the basemat response 
(Ref. 3). This analysis indicated a total damping of 13%, from which the soil 
ma terial damping of 6.3% (obtained from a SHAKE analysis of the soil column at 
this site) was subtracted to get 1n estimate of 6. 7% for the radiation 
damp ing. The rad iation damping appear:; low for a soil medium. The staff 
considers this item closed, because it is on the cons~rvative estimate . 

F. LIQUEFACTION 

This item deals with the staff's request for additional information on soil 
compaction and liquefaction, and on the results of any surveillance program to 
check elevation levels for settlement (Ref. 2). OPPO has reported that it had 
first installed foundation piles, and then compacted the soils around them 
using the Vibroflotal'lon system to achieve the desired average relative 
density of 85% to prevent liquefaction during a design basis earthquake 
(Ref. 3). The staff is satisfied that the action taken by OPPO to achieve a 
relative density of 85% as recommended by its soils consultants, Dames & 
Moore, is in accord with accepted industry pnctice to improve- potentially 
liquefiable soils. OPPO has also reported that, although it does not have any 
surveillance program for settlement measurement, no observable settlement has 
occurred In the soils beneath seismic Class I and non-seismic structures 
(Ref. 3) . Further, OPPO has stated that its formal surveillance Inspections 
of the tendon tensioning gallery, performed every three years, have shown no 
growth in the minor cracks that were noted shortly after construction in 1976, 
and that no additional cracks have been observed since 197~ . In view of these 
considerations the staff considers this open Item closed. 
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G. SEISMIC ANALYSIS METHODS FOR PIPING 

The licensee proposed three linear elastic analysis methods for seismic 
analysis of piping systems. The staff review found the proposed methods to be 
in conformance with the acceptance criteria given In the SRP as well as 
applicable RGs. SRP 3.9.2, "Dynamic Testing and Analysis of Systems, 
Components, and Equipment,• endorses the application of either a dynamic 
analysis or equivalent static load method for piping systems. A dynamic 
analysis may be performed by either a response spectrum method or a time 
history method. 

1. Response Spectrum Methods 

The application of either a single level (enveloped) or a multiple level 
(Independent support motion) response spectrum method was proposed. When the 
single level response spectrum method Is used, the response spectrum input 
will be determined from the envelope of all spectra applicable to the piping 
system support points. For piping, the licensee will use the appropriate 
damping values given In RG 1.61, •oamping Values for Seismic Design of Nuclear 
Power Plants.• ASHE Code Case N-411 damping will not be used. Modal 
combinations and directional combinations will be performed in accordance with 
the methods given in RG 1.92, •combining Modal Responses and Spatial 
Components in Seismic Response Analysis . • The "missing mass• response for 
high frequency modes in the rigid range will be determined and combined with 
the responses of low frequency modes by the square-root-of-the-sum-of-squares 
(SRSS) method in accordance wi t h the recommendation given in NUREG-1061, 
Volume 4. Th is Is consistent with the methodology described In Appendix A to 
SRP 3.7.2, "Seismic System Analysis,• and is acceptable . 

When the multiple level re;ponse spectrum analysis method is used, the same 
requirements as discussed above for single level analysis will apply. The 
method will only be applied to piping systems between separate buildings, 
floor levels, and/or Individual structures. The number of support groups will 
be kept to a minimum and response spectra for each of the support points 
within a group will be enveloped . These enveloped response spectra will then 
be used for all supports within that group . In addition, support group 
responses will be combined by the absolute sum method. This method is 
consistent w1th the staff recommendations given in NUREG-1061 and is 
acceptable. 

When either single or multiple level response spectrum analysis is performed, 
seismic anchor motion (SAM) effects will be evaluated If the SAM displacement 
at any support or anchor location exceeds 1/16 Inch. This rnlnimum 
displacement is judged to be reasonable. The. SAM stresses and reactions will 
be combined with the seismic inertial stresses and re~ctions by the SRSS 
method . This combination method Is consistent with th~ staff recommendations 
given in NUREG-1061 and is accep\able. 

Stresses and reactions from loss-of-cool~nt accident (LOCA) or water 
hammer/steam hommer loading (e.g . , rapid valve t losure or opening) will be 
combined with seismic inertial stresses and reactions by the SRSS method. 



This Is co,nslste.nt with the recommendations given In NUREG-1061 and 
NUREG-0484, "Methodology for Combining dynamic responses,• and Is acceptable . 

Based on the above, the response spectrum analysts methods described In the 
ASCH document are acceptable. However, In applying these methods, the 
licensee must ensure that the analysts techniques meet the acceptance criteria 
given In Subsection 11 .2. f of SRP Section 3.9.2. Piping system dynamic models 
shall use an adequate number of masses or degrees of freedom and the dynamic 
analysis shall consider a sufficient number of modes to characterize the 
seismic response . 

2. Equivalent Static Coefficient Hethods 

A Static Coefficient Hethod may be used to analyze small bore piping -and 
tubing . This Is a static analysts method In which the dynamic response Is 
calculated by applying an equivalent static load equal to the effective system 
mass multiplied by the applicable spectral acceleration and a static 
coefficient. The licensee has committed to apply this method with enveloped 
response spectra, RG 1.61 damping, and a directional response combination per 
RG 1.92. A static coefficient of 1.5 will be used for all systems unless they 
are shown to be rigid, In which case a factor of 1.0 will be used. Similar to 
the response spectrum method, the responses due to SAH will be evaluated when 
significant and combined with the seismic Inertial resp~nses by the SRSS 
method. Responses due to other dynamic loading events will also be combined 
with seismic Inertial responses by the SRSS method . 

SRP 3.9.2 states that the equivalent static load method Is acceptable provided 
that the system can be realistically represented by a simple model and the 
method produces conservative results. RG 1. 100, •seismic Qualification of 
Electric and Hechanlcal Equipment for Nuclear Power Plants,• allows the use of 
a 1.5 coefficient for verifying the structural integrity of frame-type 
structures, such as members physically similar to beams and columns, that can 
b~ represented by a simple model. The ASCH states that simple beam type 
models will be used to analyze the piping systems. Since piping systems can 
be reasonably represented as simple beam models, the equivalent static load 
method is acceptable; An equivalent static load corresponding to 1.5 times 
the pea~ spectral acceleration should produce conservative results. If the 
fundamental frequency of the system is determined and Is above peak frequency, 
a static load corresponding to 1.5 times the spectral acceleration at the 
fundamental frequency Is justified. If the system Is shown to have a 
fundarn2ntal frequency above the cut-off frequency or 33 Hz, a static load 
corresponding to 1.0 times the zero-period acceleration Is appropri ate . The 
SRSS combination of seismic Inertial responses with responses due to SAH and 
other dynamic events Is consistent with the proposed response spectrum method 
and ts acceptable. 

3. Linear Time History Hethods 

A linear time history analysis may be performed using the multiple level 
(independent) support excitation method . The analysis would be performed 
using time histories of pipe support po·int motions as input. The damping 
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values used will be in accordance with RG 1.61 . Support group responses will 
be combined by algebraic summation at each time step. Directional combination 
will be performed per RG 1.92. The three translational directions of seismic 
time history motions will either be applied separately with their maximum 
responses combined by SRSS, or si~ultaneously with their responses combined 
algebraically at each time step. SAH effects are evaluated if a support. or 
anchor displacement exceeds 1/16 inch. The SAH analysis and inertial analysis 
may be per formed either separately with their maximum responses combined by 
the SRSS method, or simultaneously with their responses combined algebraically 
at each time step . For simultaneous excitation, acceleration input motions at 
support points will be used In calculating the "dynamic" or inertial response; 
displacement Input motions at support points, obtilned by double integration 
of the acceleration input motions, will be used in calculating the "pseudo
static" or seismic anchor motion response resulting from support movements 
alone . The maximum time history seismic stresses and reactions will be 
combined with the stresses and reactions from LOCA or water hammer/steam 
hammer loading by the SRSS method. 

The algebraic summation of support group responses at each time step is 
technically justifiable provided that the correct phasing of the input motions 
to each support group is retained. The ASCH document states that the input 
acceleration and displacement records at different support levels (groups) 
will be from the same time history earthquake input to the building structures 
and will be applied simultaneously. Since this will ensure that proper 
phasing of the inputs is retained, the algebraic combination method is 
acceptable . Similarly, the ASCH states that proper input phasing will be 
retained for algebraic directional response combinations and for algebraic 
inertial and SAM response combinations . Therefore, when these loads are 
applied simultaneously, algebraic res~nse combinations at each time step are 
acceptable. Alternately, when loads are applied separately, the SRSS 
combination of seismic inertial responses with SAH responses is consistent 
with that of the proposed response spectrum method and is acceptable. 
Si mil arly, the SRSS combination of seismic inertial responses with responses 
due to other dynamic events is acceptable . 

The time history analysis method is ~lso endorsed by SRP 3.9 .2. However, the 
licensee must ensure that when this method is applied, all of the techniques 
meet the acceptance criteria of Subsection 11.2 . f of SRP Section 3.9.2. 
Piping system dynamic models should include an adequate number of masses or 
degrees of freedom to characterize the seismic responses. In addition, the 
time step used in the analysis should be small enough to accurately define the 
applied dynamic forces and to ensure stability and convergence of the response 
solution. 

H. HVAC CRITERIA AND ANALYSIS METHODS 

The licensee proposed alternate seismic criteria and analysis methods for all 
FCS Seismic Category I HVAC systems and components. The staff review found 
the proposed criteria and methods to be in conformance with the acceptance 
criteria of the SRP Sections 3.7.2 and 3.8.4, "Other Seismic Category I 
Structures,• and applicable RGs . 
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I. HVAC Ducts Criteria 

HVAC ducts may be qualified by analysis . Cold-formed ducts qualified by 
analysis will be evaluated in accordance with the AISJ Cold-Formed Steel 
Design Manual. The AISI manual provides design rules for thin walled cold
formed steel members and is appropriate for this application. The AISI manual 
Is based on the allowable stress concept presented In terms of allowable 
moments and loads. The AISI allowables will be used for normal and upset 
conditions. For emergency and faulted conditions, the allowables will be 
Increased by factors of 1.33 and 1.6, respectively . The 1.33 factor Is 
consistent with the increase permitted in the AISI manual for wind and 
earthquake loads as well as the Increase permitted In the ASHE Code 
Section Ill Subsection NF for level C (emergency) limits for component 
supports. The 1.6 factor Is consistent with the increase specified in SRP· 
Section 3.8.4 for steel structures subjected to load combinations representing 
extreme environmental conditions. These factors are acceptable except for 
application to compression members where there may be insufficient safety 
margins against buckling. In the revised ASCH document, the licensee 
specified that the 1.6 factor will not be applied to compression members. The 
compressive stresses will be limited to the allowables of the AISI manual. 
This is acceptable. 

Pipe section ducts will be evaluated and qualified by analysis in accordance 
with United States of Amer ica Standards (USAS) 831.1 Code 1967 Edition. 
Allowable stresses for each load condition are provided in Table F-1 of the 
FCS USAR Append ix F. The 831 . 1-1967 Code is the FCS design basis code for 
piping. Its application to HVAC pipe section ducts is acceptable. 

Cold-formed ducts may also be qualified by test. When test results are 
available, the configuration and loading considered in the test must be shown 
applicable to the design . The considerations must include, as a minimum, duct 
size , gauge material; duct joint fabrication details; duct-to-support 
connection details; typical natural frequency of the system; static and 
dynamic loading; duct span; duct stiffener details; and overall construcion. 
For components tested to failure, the following factors of safety for static 
load rating shall be applied to the test ultimate load : 3.0 for normal and 
upset conditions; 2.25 for emergency condition; and 1.5 for faulted condition. 
Test ultimate load is the average ultimate load for three tests, provided that 
no individual test result deviates by more than ±10% from the average. 
Alternately, if less than three tests are performed, the test ultimate load is 
taken as the lowest test result reduced by 10%. If one or more result out of 
three tests deviates more than ±10% from the average, the test ultimate load 
is taken as the lowest of the three test results, and if more than three tests 
are performed, the test ultimate load is taken as the average of the three 
lowest results. 

The above criteria for qualification of cold-formed ducts by test are found to 
be acceptable . When test results are available, the licensee must carefully 
review the above attributes to ensure similarity. The results of this review 
must be properly documented in the qualification report. The factors of 
safety for static load rating were found to be consistent with the load rating 
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requirements of the ASHE Code Section Ill Subsection NF for linear component 
supports. The factor of safety of 1.5 for faulted conditions also ensures 
that the allowable does not exceed 0.67 times the critical buckling strength 
as required by Appendix F of the ASHE Code. The procedure for establishing 
the test ultimate load is based on the combined requirements of the ASHE Code 
Subsection NF and AISI manual. 

The ASCH document also proposed qualification of cold-formed ducts by an 
experience data method. The review for similarity would include the same 
attributes as for qualification by test described above. However, the 
licensee was unable to identify the sources of experience data to be used to 
qualify the HVAC systems and components. The licensee agreed that prior to 
application of this method, the experience data and the methodology would be 
submitted to NRC for review and approval . 

2. HVAC Support Criteria 

The ASCH document proposed HVAC support qualification by either analysis, 
testing, or experience data . Supports qualified by analysis will be evalu
ated by using conventional stress analysis methods and qualified in accordance 
with the American Institute of Steel Construction (AlSC) Manual, 7th Edition. 
Allowable stresses for each load condition are given in Table F-1 of the FCS 
USAR Appendix F. Since the HVAC duct supports are constructed of hot-rolled 
structural steel members, the criteria of the AISC Steel Manual and the 
allowable stresses per the FCS USAR are appropriate and acceptable. The ASCH 
document also states that loads on penetrations from the ducts will be 
calculated and compared with the design allowables of the penetrations. This 
is acceptable . 

HVAC supports may also be qualified by test where test data are available. 
The allowable loads will be based on test ultimate load. The factors of 
safety for static load rating and derivation of test ultimate load for HVAC 
ducts described above are applicable to the HVAC supports. This methodology 
is ~cceptable provided that the licensee ensures and properly documents the 
similarity of tested su~ports to the supports installed in the HVAC systems . 

The ASCM document also proposed qualification of HVAC supports by an 
experience data method . However, as was the case for HVAC ducts, the licensee 
was not able to identify the sources of experience data to be used to qualify 
the HVAC supports. The licensee agreed that prior to· any application of this 
method, the experience data and the methodology would be submitted to NRC for 
review and approval. 

3. HVAC Miscellaneous Hard~are Criteria 

Qualification of the balance of miscellaneous hardware for HVAC systems may be 
evaluated by comparison to allowable loads determined from the manufacturer's 
catalogs, analysis, test or experience data. Manufacturer's catalogs 
typically provide allowable working loads for catalog items . These values 
will be taken as the allowables for normal and upset conditions. These values 
will be increased by a factor of 1.33 for emergency condition and 2.0 for 
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faulted condition, provided that a minimum factor of safety of 1.5 is 
maintained. This approach Is found acceptable. The factors of }.33 and 2.0 
are consistent with the requirements of the ASHE Code for load rating of 
linear component supports. The minimum safety factor of 1.5 will ensure that 
the ASHE Code limit of 0.67 times the critical buckling strength is maintained 
for the faulted condition. 

The allowable loads may also be determined analytically by considering the 
physical and material properties for the hardware, and using the allowable 
load increases for the applicable loading conditions per the AISI Manual for 
cold-formed steel and per the AISC Manual and Table F-1 of the FCS USAR 
Appendix F for hot-rolled steel . This is acceptable. 

The ASCH document states that HVAC miscellaneous hardware may also be 
qualified by test or an experience data method. When these methods are used, 
the same requirements and constraints for HVAC ducts and supports discussed 
above are applicable . Prior to applying the method of qualification by 
experience data, the licensee agreed to submit the experience data and 
methodology to NRC for review and approval. 

I . HVAC SEISMIC ANALYSIS METHODS 

The licensee proposed the application of either the equivalent static 
coefficient method or the response spectrum method for the seismic analysis of 
HVAC systems and components . The staff review found the proposed methods to 
be in compliance with the acceptance criteria given in the NRC SRP as well as 
appl icable t~RC RGs . 

1. Equivalent Static Coefficient Methods 

When an equivalent static coefficient method is applied, the seismic response 
is calculated by applying an equivalent static load equal to the effective 
system mass multiplied by the applicable spectral accelerdtion and a static 
coefficient. The spectral acceleration and static coefficient are determined 
in the same manner as described above for piping. The masses to be considered 
in the calculation shall include all permanent dead loads. This includes the 
weight of ducts, companion angles, duct stiffeners, support steel, insulation, 
and any other permanently attached components. The fundamental frequency will 
be determined in each of the threa orthogonal directions considering the 
response of both of the ducts and supports. The calculation can be based on 
simplified beam models as discussed above for piping. A frequency calculation 
would not need to be performed If the response Is calculated using the peak 
spectral acceleration from the appropriate response spectrum. 

The licensee proposed that for cold-formed ducts, critical damping values of 
4% and 7% will be used for Operating Basis Earthquake (OBE) and Safe Shutdown 
Earthquake (SSE), respectvely. The staff finds this to be acceptable for a 
rectangular duct. Based on the available data, the above damping values, as 
recommended in RG 1.61 for bolted structures, may be considered as upper 
bounds for application to the seismic analysis of Seismic Category I HVAC 
systems consisting only of rectangular duct structures with bolted flange 
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connections. There are currently no test data, however, to support the use of 
the same damping values for circular ducts . For Seismic Category I systems 
consisting of non-rectangular duct structures or of combinations of 
rectangular and non-rectangular duct structures, and for similar ~on-Seismic 
Category I systems which may affect Seismic Category I systems, lower damping 
values should be used. For the analysis of any such systems, where non
rectangular duct structures are involved, a prior NRC review and approval will 
be ·required for the justification of damping values to be used, unless the 
damping values conform to the original licensing basis of the plant. 

For pipe section ducts, the damping values used will be in accordance with RG 
1.61 for pipes . The seismic response loads acting on a duct will be 
calculated separately for each of the three orthogonal directions. The total 
seismic responses In each direction will be calculated by combining the 
directional responses due to each of the three seismic load Inputs using the 
SRSS method . This Is consistent with the guidance of RG 1.92 . The response 
due to gravity will be added to the total seismic responses by absolute 
sunvna t ion. 

In response to the RAJ of December 6, 1989, the licensee provided a sample 
calculation to Illustrate the application of this method. Based on the 
results of the BNL review for the sample calculation, the staff concludes that 
the proposed equivalent static coefficient method of analysis for HVAC systems 
conforms to the requirements of SRP 3.7.3 and Is acceptable. An HVAC system 
can be reasonably represented and analyzed as a simple beam model. The 
application of the 1.5 coefficient for flexible systems or the 1.0 coefficient 
for rigid systems is appropriate. However, th~ ASCM document does not address 
relative motions of supports . If the HVAC sv _ Is expected to experience 
any significant relative disp.lacements at it> supports, the SAM stresses and 
reactions should be determined and added to the seismic inertial stresses and 
reactions . 

2. Response Spectrum Methods 

When a response spectrum method Is used, the ducts and supports will be 
included together as one system model. The application and constraints for 
the response spectrum analysis of piping are also applicable to HVAC systems, 
with the exception of damping values for cold-formed steel ducts. Consistent 
with the previous discussions under "Equivalent Static Coefficient Methods,• 
critical damping values of 4% and 7% will be acceptable for OBE and SSE 
response spectrum analyses, respectively, of rectangular duct structures. For 
systems involving non-rectangular duct structures, lower damping values should 
be used as discussed previously. The system models will Include either 
detailed representations of the HVAC supports or equivalent support 
stiffnesses. When equivalent stlffnesses are used, the supports will be 
evaluated separately. 

The staff concludes that the response spectrum analysis methodology described 
for piping Is also acceptable for application to HVAC systems . This Includes 
either a single level or a multiple level analysis method; inclusion of 
"missing mass• response; ~valuation and combination of SAM effects; and 
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combination methods for modes, supports, and directions. In applying these 
methods , the licensee must ensure that the analysis techniques meet the 
acceptance criteria given in Subsection II.1 . a of SRP 3.7.2 . HVAC system 
dynamic models should use an adequate number of masses or degrees of freedom, 
and the dynamic analysis should consider a sufficient number of modes to 
characterize the seismic response . 

CONCLUSIONS 

Based on the review of the licensee's document titled, "Alternate Seismic 
Criteria & Methodologies for fort Calhoun Station,• and the additional 
information provided by the licensee during the course of the review, the 
staff concludes that the licensee has answered all the questions raised by the 
staff in the structural engineering and geosciences areas. Therefore, the 
staff considers that the remaining open items related to the structural and 
geosciences areas of the Alternate Seismic Criteria & Methodologies (Ref. 1) 
are closed . The NRC also concludes that the license has defined an acceptable 
al ternate set of seismic analysis methods for piping and HVAC systems . It 
should be noted that when these methods are applied , the licensee must ensure 
that the techniques meet all of the seismic analysis acceptance criteria given 
in SRP Sect ion 3.7 .2 or 3.9.2. The staff also concludes that the proposed 
HVAC qual i ficat ion criter ia based on analysis or test ing are acceptable , 
except as stated above regardi ng the applicabi lity of damping values for the 
se ismi c analys is of HVAC systems involv i ng non-rec't angular duct structures. 
Qual i ficat ion by experience data is not acceptable at th is time , and will 
requ i re submi ttal of the data and lhe detailed methodology to the NRC for 
rev iew and approval pr ior to its appli cation . 
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