Department of Energy
Washington, D.C. 20545

Docket No. 50-537
HQ-S:82:030

MaY 17 1982

Mr. Paul S. Check, Director

CRBR Program Nffice

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Check:
RESPONSES TO REQUEST FOR ADDITIONAL INFORMATION - MECHANICAL ENGIMEERING

Reference: Letter, P. S. Check to J. R. Longenecker, "CRBRP Request for
Additional Information,"” dated March 11, 1982

This letter formally responds to your request for additional information
contained in the referenced letter.

Enclosed are responses to Questions CS 210.11, CS 210.13, and CS 210.14
in the area of mechanical engineering. These respunses will also be
incorporated into the PSAR Amendment 69, scheduled for May 28.

fincere]y,
Jodn R. Longenetler, Manager

Licensing & Environmental
Coordination
Office of Nuclear Energy

Enclosure
cc: Service List

Standard Distribution
Licensing Distribution

Deal

$1)



Page 6 (82-0287)[8/22]#35

Question CS210.11

Describe the piping startup vibration testing program, especi.|ly for the
sodlum loops, Since primary system pumps have experienced excessive
vibrations In the FFTF tests, describe the vibration testing program and
acceptance criteria for the CRBRP primary pumps,

Basporse:

PSAR Section 3.9.1.1 provides an outline of the precperational vibrational and
dynemic ef fects testing program to be conducted during startup functional
testing for safety related ASME Code Class 1, 2 and 3 plping and supports,

The planned preoperational testing and plant acceptance test program will

provide added assurance of the operabll Ity of the piping systems befar & plant
startup.

Preoperational the-mal expansion and vibration acceptance test programs wil|
be carried out to:

(1) verlfy that the pipe behaves as predicted In the design stress
reports,

(2) verlfy that plpe thermal motions are not adversely affected by
Interferences or binding of support hardware,

(3) provide all the measurements for future comparlson during the
Inservice Inspection program,

(5) verlfy that both mechanical and flow Induced vitration amplltudes are

of sufficlent!y low level so that pipe and pipe support Integrity
wi!l not be compromised over the plant design |Ifetime.

The vibration.testing program and acceptance criteria for the CRBRP primary
pumps are described In PSAR Section 5.3,2.1.2.

QCS210.11-1
Amend, 69
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The pump stress analysis I|s being performed using verified and documented
computer programs as well| as standard hand calculations. Where possible, the
design of the pumps Is such as to keep the membrane stresses In the elastic
range; where this Is not possible, Inelastic analysis techniques are belng
used. The pump unit and all Its parts are being designed such that no damage
or malfunction wil| result from Internal’'y or externally generated operational
vibrations, Including shaft rotating frequencies, Impeller vane wake passing
trequencles, flow Induced pressure osclllations, or vibrations and shock |oads
anticlpated during shipping and Installation. Vibration of the pump
components and the pump's response to selsmic excltation are being determined
by analysis. Amplitude and frequency |imits Imposed are being |imited to
accumulated fatigue damage and conslider proper func..on of the pump parts.

ROT Pump Standards require that the first rotor bending natural frequency must
be at least 25 percent higher than the maximum pump shaft speed. This
requirements |s belng augmented with amplitude restrictions; the pump
generated vibrations measured at the discharge and suction nozzles shall not
excaed .010 In. peak ampl!ltude within the continucus operating ranges of the

pump.
Pump Qperablilty

The PHTS pump manufacturer Is required to assure operablllty under acciuent
conditions and during seismic events in accordance with Reference 12, PSAR
Section 1.6.

Prototype pump testing Includes acceptance testing In water at the pump
suppllers' faclllity and performance testing In sodium at the Sodium Pump Test
Facllity. The prototype pump was tested In water at 1308 of full flow design
conditions to verlfy hydraullc and mechanical performance. Sodlum performance
testing Is being done at full rated flow, at expected operating head and
temperature. Testing In sodium includes mapping of head and flow or both
maximum and minimum plant loop Impedences. Testing of the pump's performance
when subjected to fluld borne temperture transienrts Inciudes the plant
predicted upset and emerogency transients up to capabillity of the facillity.
Operapi|ity of the pump during and after the emergency and faulted plant
conditions Is being verified by analysis, since comprehensive accident and
selsmic quallfication testing Is not possible due to test facillity
|imltations.

A dynamic analytical model which Includes foundation mass and stiffness,
piping mass and stiffness, drive motors, pump tank and all Internal pump parts
Including sodium masses has been constructed for these analyses.

This model Is used to calculate displacements and loads during normal
operation and during the specifled seismic events. For the prototype pump the
mode! was modlfled to change the foundation from that the CRBRP to the water
test pump mounting stand. Using the modiflied mode! predictions of pump
dynamlc performance were made and correlated with measurements taken during
water test thereby verlfying the adequacy of the model.

Each plant pump will be assembled and water tested by the pump suppller before
final cleaning and shipment to the site. This test wiil confirm that each
pump assembly Is properly balanced and that It will operate within acceptable
vibration Iimits. Simlllarly each shaft seal cartridge assembly Is operated
prior to shipment to Insure Its proper operation.

5.3-13
Amend. 69
May 1982



Page 7 (82-0287)[8/22]#35

Question C3210,15

Many components for the CRBRP plant were manufactured several years ago and
have been In storage since then., Have the components been stored In such a
fashion so that the stress analysis and fatigue analysis have not been
compromised? |f any analysis are affected, what procedures have been or are
belng taken to ensure that the appropriate analysis will be revised,

Basponse:

Yes, each stored component has an assigned storage level plus any additional
requlrements deemed prudent by the designer., Considerations are; material
type, cleanliness requlrements, corrosion resl|stance, Intended service
(temperature, pressure, flow, process fluld, etc.), storage malntenance
(purge, desslcant, rotation, lubrication, etc.), and storage malntenance
verification criteria.

The storage conditions are maintalned such that there are no adverse ef fects
on physical and chemical properties of the components. These conditions are
mon|tored and perlodical ly checked to verify compliance with requirements,

The procedures used for storage, Including housekeeping of starage faclillities
are as described In Section 17.1 and Appendices A and F.

QCS210,13-1
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Question CS210.14

The SRP states that Loading Combination Methodology shal | be consistent with
NUREG~0484, Sectlion 3.9.3 of the PSAR does not reference the fransients of
Appendix B of the PSAR, nor does |t explicitly address the methods used for
loading comblinations,

Baspanse:
The CRBRP PSAR was prepared In accord with the LMFBR Edition of Standard

Format and Content (SFAC) of Safety Amalysls Reports for Nuclear Power Piants
of February 1974, which was based on the LWR EdItion of SFAC at the time.

The Information on "ASME Code Class 1, 2, and 3 Components, Component
Supports, and Core Support Structures™ Is provided In Section 3.9.1.6
(Analytical Methods for ASME Code Class 1 Camponents); 3.9.2 (ASME Code Ciass
2 and 3 Camponents); and 4.2.2.4.1.1 (Analyslis of Core Support Structure) of
the CRBRP PSAR.

The transients of Appendix B of the PSAR are referenced In the PSAR sectlons
that describe and analysls of the systems and components, These Include
Sectlons " .2.1.1 (for Reactor Vessel System), 5.3.1.1 (for PHTS), 5.4.1.1 (for
IHTS), 5.5.1.1 (for SGS), ond 4.2.2.1.1 (for Core Support Structure). In
conjunction with this response, PSAR pages of Sections 3.9.1.6, 3.9.2.1 and
4.2,2.4.1,1 are updated for additional clarity In this regard.

Loading combinations required for consideration In the design and analysis of
these components are described In Section 3.9.1.5. NUREG-0484 speclflcally
deals wlth stress combinations due to plant accident locads and |oads caused by
natural phenomena, such as earthquakes., In the design of the CRBRP Code
components, the more conservative ABS methodology Is In general used when
combining the stresses due to plant transient or accldent |ocads and the OFE or
SSE loads. The SRSS methodology |s used where appropriate such as the
derivation of selsmic loads per se as described In Section 3,7.2.1.2 and
Attachment A to Appendix 3,7-A of the PSAR. Therefore, the design of the Code
components In the CRBRP |s consistent with NUREG-0484.

QCS210.14~1
Amend., 69

May 198
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wWhere appropriate, the mathematical mode! of a large system may be subdivlided
Into two or more subsystems. The uncoupling of the mcthematical models can be
Jrstified If the mass and stiffness of the supporting and supported subsystems
» @ such that they do not appreciably affect the dynamic response of each
v*her, or |f the mathematical models can be sultably modified to account for
the Interaction effects at the Interfaces. The Justifications for
~athematical models uncoup!ing will be documented with the design analyslis.
Decoupl Ing criteria are given In Appendix 3.7-A.

The seismic forcing functions will be In the form of response spectra and/or
motion time histories at the support point of the system or subsystem belng
analyzed. Other forcing functions will be provided |ater.

Dynamic analyses wil| be made using a mcdal analysis, plus elther response
spectrum analysls, or Integration of the uncoupled modal equations, or by
direct Integration of the coupled differential equations of motion. In
addition, other dynamic analysis methods exist (such as Leniace and Fourler
transforms, and power spectral density analysis) and may be used, but the
Westinghouse compuver program and machine capability conveniently perfcrm the
above analyses on a production baslis.

See Section 3.7 for a detalled description of the selsmic analysis methods.
Briefly, a dynamic analysis consists of mathematical modelIng of a structure
or component, determining the equations of motion of the system, and solving
the equations of motion for the forcing functions considering the system
boundary conaitlions.

In general, a computer program will be used for performing the dynamic
analyses. Exceptions may exist where a |imited amount of complexity and/or
number of degrees of freedom exists, and a hand solution can be made. The
mathematical model, boundary conditions, and forcing functions are Input to
the program and deflections, stresses, etc., are output from the program.

Loadings Involving operating loads in conjunction with Seismic Loads for ASME
111 Code components are combined In the manner described In Appendix 3.7-A.

In the design of the ASME-I|!| Code components, the absolute or |linear
summation (ABS) method Is In general used when combining the stresses due to
plant transients or accident loads and the loads caused by natural phenomena
such as OBE or SSE. The square root of the sum of the squares (SRSS) method
Is used where appropriate such as In the calculation or combination of the
seismic loads as described In Section 3.7.2.1.2 and Attachment A to Appendix
3.7-A of this PSAR

3.9-2
Amend. 69
May 1982
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3.9.1.6 Analytical Methods for ASME Code Class 1 Components

The design transients for these components are described In Appendix 3 of this
PSAR. The analytical methods and stress |Imits will be discussed In the FSAR.
The evaluation of ASME Code Class 1 components will comly with the
requirements of 1974-Edition ASME Boller and Pressure Vessel Code Section 111,
Subsection NB, supplemented by the following:

(1) Low Temperature Components (below 800°F);
RUT Standard E15-2NB-T, October 1975.

Regulatory Gulde 1.48, "Design Limits and Load Combinations for Seismic
Category | Fluld System Components."

(2) Elevated Temperature Components (above 800%F):

(a) Interpretations of the ASME Boller and Pressure Vessel Code Case

1592, "Class 1 Components In Elevated Temperature Service Section
PLIn, e

(b) RDT Standard F9-4T, "Requirements for Design of Nuclear System
Components at elevated Temperatures™ Jan. 1976.

(c) RDT Standard E15-2NB-T, October 1975.
(d) Regulatory Guide 1.48.

The Inelastic and |imit analysis methods having the stress and deformation
(1imits) established by the ASME Code, Section Ill, and Code Case 1592
(elevated temperature design) for normal, upset and emergency condltions may
be used with the dynamic analysis. For these cases, the |imits are
sufficlently low to assure that the dynamic elastic system analysis Is not
Inval Idated.

For the case of elevated temperature components designed in accordance with
Code Case 1592, conservative deformation (or strain) |imits have been
formulated to help ensure the appllicabllity of the other rules of the Code
Case; |.e. the strain |imits In Code Case 1592 are set conservatively low such
that they effectively ensure that small deformation theory Is applicable for
most structural analyses of elevated temperature components. The small
deformation assumptions, which have been the cornerstone for analyses of
structures at low temperatures, ure retalned by the majority of current
ccmputer structural models being used for elevated temperature analysls.

#%There are no deviations at present. All supplemental criteria will be
fully identiflied and justified In the FSAR.

3.9-3
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The elevated temperature Code Case places the following |imits on the maximum
accumulated Inelastic strain for parent material (Sectlion T-1310 of Case
1592):

1. Stralns averaged through the thickness, 1%

2. Stralns at the surface due to an equivalent |inear distribution of straln
- through the thickness, 2%

These |Imits are conslistant with the NRC Standard Review Plan, Section 3.9.1,
which states that small| deformation methous of analysis typically tend to have
acceptable effective strain |imits In the range of 0.5 to 1.5 percent.

For components designed In accordance with the low temperature rules of
Section |1l of the ASME Code, the 3 S_ Iimit on primary-plus-secondary stress
ensure the applicabllity of small defOrmation theory: I.e., the 3 S 1imit
ensures shakedown and precludes ratchetting.

For faulted conditions, the plastic and |imit analysis stress and deformation
Iimits are specifled In Appendix F of the ASME Code, Section I1ll. These
IImlts are established In terms of an equivalent adopted elastic |Iimit which
can be used with a dynamic elastic system analysis. Particular cases of
concern will be checked by use of simulated Inelastic Internals properties in
teh elastic system analysis.

At the component level, use of plastic or Inelastic stress analysis or
appllcation of Inelastic stress and deformation |imits may be used with the
ela tlcally calculated dynamic external loads provided that shakedown occurs
(as opposed to continuing deformation) or deformations do nct exceed speciflied
limits. Otherwlse, readjustment to the elastic system analysis will be
requlired.

Complete system inelastic methods of flexibllity analysls combined with
Inelastic stress techniques may be used |f there Is Justification.

Active components will be quallfied for operability on a component by
component basis In accordance with Reference 12, PSAR Section 1.6.

3.9.2 ASME Code Class 2 and 3 Components

Design pressure, temperature, and other ioading conditions that provide the
design basls for fluld system Code Class 2 and 3 components are described In
Appendix B of this PSAR and referenced In the sections that describe the
system functional requirements.

3.9-3a



Page 13 (82-0287)(8/22]#35

Refgrences to Section 3.9

1

2)

3)

4)

BNWL-575, "App!ications of Geometric Models for the FFTF Mydraullc Core
Mockup,™ D.S. Trent, November 1967.

Frank!In Institute Research Laboratories Report, F-B2437, "Study of the
Feasibl|lty of Modeling Vibration," George P. Wachtel!, November 22, 1965.

Report, ANL-CT-75-37, "An Evaluation of Flow Induced Vibraticon Prediction
Techniques for In-Reactor Components,™ dated May 1975.

Report, ANL-CT-76-31, "Comparison of Analytical Predictions With HCM
Results for FFTF Reactor Flow Induced Vibraticns and Summary of Prediction
Methods," dated April 1976.

3 .9'58
Amend. 69
May 1982



Page 14 (82-0287)[8/221#35

Since the time-dependent fallure modes were shown to be Insignificant for the
CSS by satisfying the conditions of Test No. 4, Code Case 1592 and ROT F9-4,
the alternate structural |imits of the code case were employed In the CSS
evaluation.

Geometry

The core support structure (CSS) concept considered In this analysis Is shown
In Figure 4.2-50. The CSS consists of a perforated support plate, core
barrel, and lower Inlet module |iners. Portions of the support core and
reactor vessel, are Included In the analytical model, and all of these
components are referred to the "core support structure™ In this analysis.

Ihermal Analysls

Two thermal models were developed to calculate transient temperatures in the
CSS. A 30 degree sector mode! (TAP-A computer code) was used to calculate
temperatures In the perforated support plate and an axisymmetric model (ANSYS
finlte element code) was used to determine temperatures In other CSS
components. The element geometry of the thermal models Is Identical with the
corresponding stress models shown in Figures 4.2-52 =nd 4.2-54.

The sector and ax|symmetric models were used to analyze the CSS-6N (N-4_, as
described In Appendix B of this PSAR), CSS-2U(U-2e), CSS-4U(U-18) and
CSS1E(F-42) design transients for the CSS. |+ was shown that these four
transients conservatively umbrella all of the plant duty cycle events.

Reactor Inlet plenum mixing analyses were performed to determine the transient
sodium boundary temperatures for the CCS. Convective heat transfer
coefficlents were calculated for the CSS surfaces exposed to flowing sodium.
Interfact conditions with the lower Iinlet modules (LIMs) were determined with
detal led local modals.

4,2-195
Amend. 69
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