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3.9 MECHANICAL SYSTEMS AND COMPONENTS

3.9.1 SPECIAL TOPICS FOR MECHANICAL COMPONENTS

3.9.1.1 Design Transients

This section shows the transients which are used in the design of the ASME Boiler and
Pressure Vessel Code (ASME Code) Class 1 core support, reactor internals, and control rod
drive (CRD) components. The number of cycles or events for each transient are included.
The design transients shown in this section are included in the design specifications for the
components. Transients or combinations of transients are classified with respect to the
component operating condition categories identified as "normal," "upset," "emergency,"
"faulted," or "testing" in the ASME Code if applicable. (The first four conditions correspond to
Service Levels A, B, C, and D, respectively for those components constructed to the 1976 or
later Edition of the ASME Code.)

3.9.1.1.1 Control Rod Drive Transients

The normal and test service load cycles used for design purposes for the 40 year life of the
Control Rod Drive (CRD) are as follows:

Transient Category Cycles
1. Reactor startup/shutdown Normal/upset 120
2. Vessel pressure tests Normal/upset 130
3. Vessel overpressure tests Normal/upset 10
4, Scram test plus startup scrams Normal/upset 300
5. Operational scrams Normal/upset 300
6. Jog cycles Normal/upset 30,000
7. Shim/drive cycles Normal/upset 1,000
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In addition to the above cycles, the following have been considered in the design of the CRD.

Transient Category Cycles
8. Operating Basis Normal/upset 10

Earthquake™ (OBE)
9. Safe Shutdown Faulted 1
Earthquake™ (SSE)
10.  Scram with inoperative buffer Normal/upset 10
11.  Scram with stuck control blade Normal/upset 1
éll QSME Code Class 1 components of the CRD have been analyzed according to the ASME
ode.

The capability of the CRD's to withstand the emergency and faulted conditions is verified by test
rather than analysis.

3.9.1.1.2 CRD Housing and Incore Housing Transients

The number of transients, their cycles, and classification as considered in the design and fatigue
analysis of the CRD housing and incore housing are as follows:

Transient Category Cycles
1. Normal startup & shutdown Normal/upset 120
2. Vessel pressure tests Normal/upset 130
3. Vessel overpressure tests Normal/upset 10
4, Interruption of feedwater flow Normal/upset 80
5. Scram Normal/upset 200
6. OBE Normal/upset 10
7. SSE Faulted 1

The frequency of occurrence of this transient would indicate emergency category. However, for
conservatism, this OBE condition was analyzed as an upset condition. Ten peak OBE cycles for
each occurrence are postulated.

SSES is a faulted condition; however, in the stress analysis report, it was treated as emergency
with lower stress limits.

FSAR Rev. 68 3.9-2



SSES-FSAR

Text Rev. 72
Transient Category Cycles
8. Stuck rod scram Normal/upset 1

9. Scram no buffer Normal/upset 10

3.9.1.1.3 Hydraulic Control Unit Transients

The normal and test service load cycles used for the design and fatigue analysis for the 40 year
life and the Hydraulic Control Unit (HCU) are as follows:

Transient Category Cycles
1. Normal startup and shutdown Normal/upset 120
2. Vessel pressure tests Normal/upset 130
3. Vessel overpressure tests Normal/upset 10
4, Scram tests (cold) Normal/upset 300
5. Operational scrams (hot) Normal/upset 300
6. Jog cycles Normal/upset 30,000
7. Drive cycles Normal/upset 1,000
8. Scram with stuck scram discharge valve Normal/upset 1

9 OBE Normal/upset 10
10. SSE Faulted 1

3.9.1.1.4 Core Support and Reactor Internals Transients

The events and number of cycles used for the design and fatigue analysis for the 40-year life of
the core support and internals are shown in Table 3.9-1.

3.9.1.1.5 Main Steam System Transients

The transients considered in the stress analysis of the main steam piping are included in
Table 3.9-4.
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3.9.1.1.6 Recirculation System Transients

The transients considered in the stress analysis of the recirculation piping are included in
Table 3.9-4.

3.9.1.1.7 Reactor Assembly Transients

The reactor assembly includes the reactor pressure vessel, support skirt, shroud support, and
shroud plate. The cycles listed in Table 3.9-1 were specified in the reactor assembly design
and fatigue analysis.

Reactor design cycle or transient limits are as follows:

Transient Design Cycle
Heatup and Cooldown 70°F to 551°F to 70°F

(Envelopes items 3, 10, 13, 16b, 16d
from Table 3.9-1)

Reactor Trip cycle 100% to 0% Rated Thermal Power
(Item 9 from Table 3.9-1)

Hydrostatic Pressure and Leak Tests Pressurized >930 psig and <1250 psig
(Item 2 from Table 3.9-1)

3.9.1.1.8 Main Steam Isolation Valve Transients

The main steam isolation valves are designed for the following service conditions and thermal
cycles:

Transient Category Cycles
1. Pre-op @100°F/hr Normal/upset 150
2. Startup (heating 100°F/hr) Normal/upset 120

3. Shutdown

a. cooling cycles @100°F/hr Normal/upset 120
540°F to 375°F

b. cooling cycles @270°F/hr Normal/upset 120
375°F to 330°F

C. cooling cycles @100°F/hr Normal/upset 120
330°F to 100°F

FSAR Rev. 68 3.9-4



Text Rev. 72

Transient

4, Scram cooling cycles @100°F/hr

5. Emergency and faulted transients
a. 546°F to 281°F in 15 sec
b. 546°F to 375°F in 3.3 min

375°F to 281°F @300°F/hr
cl. 546°F to 375°F in 10 min
c2. 375°F to 281°F @100°F/hr
d1. 546°F to 583°F in 2 sec
d2.  583°F to 538°F in 30 sec
d3.  538°F to 400°F @100°F/hr
d4.  400°F to 546°F @100°F/hr
el. 561°F to 500°F in 7 min
e2.  500°F to 400°F @100°F/hr
e3.  400°F to 546°F @100°F/hr

3.9.1.1.9 Safety/Relief Valves Transients

The transients used in the analysis of the safety/relief valves are as follows:

SSES-FSAR

Transient
1. Pre-op and in-service testing (100°F/hr).
2. Startup (100°F/hr) and pressure increase
(O psig to 1000 psig).
3. Shutdown (100°F/hr, pressure decrease
to 0 psig).
4. Scram.
5. System pressure and temperature decay from

1000 psig and 546°F to 35 psig and 281°F
within 15 sec.
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3.9-5

Category

Normal/upset

Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted
Emergency/faulted

Emergency/faulted

Category

Normal/upset

Normal/upset

Normal/upset

Normal/upset

Emergency/faulted

Cycles

180

10
10

10

Cycles

150

120

120

180
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Transient Category Cycles
6. System temperature change from 546°F to Emergency/faulted 1

375°F within 3.3 mins and from 375°F to
281°F at a rate of 300°F/hr. Pressure change
from 1000 psig to 35 psig

7. System temperature change from 546°F to Emergency/faulted 8
375°F within 10 min. and from 375°F to 281°F
at a rate of 100°F/hr. Pressure change from
1000 psig to 35 psig.

8. System temperature change from 546°F to Emergency/faulted 1
583°F within 2 sec, from 583°F to 538°F
within 30 sec, and from 538°F to 400°F
and return to 546°F at a rate of
100°F/hr. Pressure change from 1000 psig
thence to 1350 psig , thence to 240 psig and
return to 1000 psig.

9. System temperature changes, greater than Emergency/faulted 10
30°F, from 561°F to 500°F within 7 min. and
from 500°F to 400°F and return to normal
operating temperature at 546°F at a rate of
100°F/hr. Pressure change from 1000 psig to
1180 psig to 240 psig and return to normal
operating of 1000 psig.

Paragraph NB3552 of ASME Ill code excludes various transients and provides means for
combining those which are not excluded. Review and approval of the equipment supplier's
certified calculation provides assurance of proper accounting of the specified transients.

3.9.1.1.10 Recirculation Flow Control Valve Transients

Not applicable since Susquehanna SES has no flow control valve.

3.9.1.1.11 Recirculation Pump Transients

The following transients are listed in the design specification as a requirement for design
considerations. However, a submitted certified analysis considering thermal stresses was not
required. The vendor was required to submit a certification of compliance. The submitted
certified design calculations only considered pressure transient. Nozzle piping loads were
considered in accordance with the following paragraph:

"The pump case was designed to withstand secondary stresses due to piping

reactions in accordance with Paragraph 452.4b of the ASME Standard Code for
Pumps and Valves for Nuclear Power (1968 Draft)."
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Transient Category Cycles
1. Heatup and cooldown at 100°F/hr Normal/upset 300
2. +29°F temperature changes Normal/upset 600
3. +50°F temperature changes Normal/upset 200
4. RPV pressure transients to 110% Normal/upset 1

design pressure

5. SRV blowdowns Emergency 8

6. Improper pump startup, 100°F to Emergency 1
552°F in 15 sec

7. Cooling transient 552°F to 281°F in 15 Faulted 1
sec

8. Hydrotest to 1300 psig Testing 130

9. Hydrotest to 1670 psig Testing 3

3.9.1.1.12 Recirculation Gate Valve Transients

The following transients are considered in the design of the recirculation gate valves.

Transient Cycles
1. 50°F - 575°F - 50°F at 100°F/hr 300
2. +29°F between limits of 50°F and 575°F, instantaneous 600
3. +50°F between limits of 50°F and 546°F, instantaneous 200
4, 546°F to 375°F, instantaneous 30
5. 546°F to 281°F, instantaneous 2

6. 130°F to 546°F, instantaneous 1

7. 110% design pressure at 575°F 1

8. 1300 psi at 100°F installed hydrostatic test 130
9. 1670 psi at 100°F installed hydrostatic test 3
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3.9.1.2 Computer Programs Used in Analysis

The following sections discuss computer programs used in the analysis of specific NSSS
components. (Computer programs were not used in the analysis of all components, thus, not all
components are listed.) The NSSS programs can be divided into two categories.

The computer programs discussed in this section are those programs used for the original plant
design. Changes to later versions of these programs or the addition of entirely new computer
programs for safety related applications is controlled by procedures under our Operational
Quality Assurance Program.

GE Programs

The verification of the following GE programs has been performed in accordance with the
requirements of 10CFR50, Appendix B. Evidence of the verification of input, output, and
methodology is documented in GE Design Record Files.

(@) MASS (i)  TSFOR () DYSEA
(b)  SNAP (MULTISHELL) ()  EZPYP ()  SPECA
(c)  HEATER (k)  PDA (s)  SEISM
(d)  SAP4 () SAP4G
(e)  ANSI7 (m)  FTFLGO1
()  LUGSTR (n)  ANSYS
(99 PISYS (0) POSUM
(h)  RVFOR (p)  BILRD

Vendor Programs

The verification of the following CB&I programs is assured by contractual requirements between
GE and the vendor. Per the requirements, the quality assurance procedure of these proprietary
programs used in the design of N-stamped equipment is in full compliance with T0CFR50,
Appendix B.

(a) 711 GENOZZ () 928 TGRV

(b) 948 NAPALM () 962 E0962A

(c) 1027 (k) 984

(d) 846 () 992 GASP

(€) 781 KALNINS (m) 1037 DUNHAM'S

FSAR Rev. 68 3.9-8



SSES-FSAR

Text Rev. 72

(f) 979 ASFAST (n) 1335

(9) 766 TEMAPR (0) 1606 & 1647 HAP
(h) 767 PRINCESS ) 1634 N

A list of computer programs used in the BOP system components is provided in Table 3.9-5.
This list consists of computer programs that are developed and/or owned by Bechtel Power
Corporation, and computer programs that are recognized and widely used in industry.

The Bechtel developed and/or owned computer programs are documented, verified, and
maintained by Bechtel and meet the requirements of 10CFR50, Appendix B. A brief description
of each of these programs is provided in Appendix 3.9A.

3.9.1.2.1 Reactor Vessel and Internals

The computer programs used in the preparation of the reactor vessel stress report are identified
and their use summarized in the following paragraphs.

3.9.1.2.1.1 Reactor Vessel

3.9.1.2.1.1.1 CB&l Program 711 "GENOZZ"

The GENOZZ computer program is used to proportion barrel and double taper type nozzle
configurations to comply with the specifications of the ASME Code, Section Il and contract
documents. The program will either design such a configuration or analyze the configuration
input into it. If the input configuration will not comply with the specifications, the program will
modify the design and redesign it to yield an acceptable result.

3.9.1.2.1.1.2 CB&l Program 948 - "NAPALM"

The basis for the program NAPALM, Nozzle Analysis Program-All Loads Mechanical, is to
analyze nozzles for mechanical loads and find the maximum stress intensity and location. The
program analyzes at specified locations from the point of application of the mechanical loads.
At each location the maximum stress intensity is calculated for both the inside and outside
surfaces of the nozzle. The program gives the maximum stress intensity for both the inside and
outside surfaces of the nozzle as well as its angular location around the circumference of the
nozzle from the 0° reference location. The principle stresses are also printed. The stresses
resulting from each component of loading (bending, axial, shear, and torsion) are printed, as
well as the loadings which caused these stresses.

3.9.1.2.1.1.3 CB&l Program 1027

This program is a computerized version of the analysis method contained in the "Welding
Research Council Bulletin F107," December, 1965.

Part of this program provides for the determination of the shell stress intensities (S) at each of
four cardinal points at both the upper and lower shell plate surfaces (ordinarily considered
outside and inside surfaces) around the perimeter of a loaded attachment on a cylindrical or
spherical vessel. With the determination of each S, there is also determined the components of
that S (2 normal stresses, and one shear stress). This program provides the same information
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as the manual computation and the input data is essentially the input of the geometry of the
vessel and attachment.

3.9.1.2.1.1.4 CB&l Program 846

This program computes the required thickness of a hemispherical head with a large number of
circular parallel penetrations by means of the area replacement method in accordance with the
ASME Code, Section IlI.

In cases where the penetration has a counterbore, the thickness is determined so that the
counterbore does not penetrate the outside surface of the head.

3.9.1.2.1.1.5 CB&l Program 781 - "KALNINS"

This program is a thin elastic shell program for shells of revolution. This program was
developed by Dr. A. Kalnins of Lehigh University. Extensive revisions and improvements have
been made by Dr. J. Endicott to yield the CB&l version of this program.

The basic method of analysis was published by Professor Kalnins in the Journal of Applied
Mechanics, Volume 31, September, 1964, pages 467 through 476. The KALNINS thin shell
program (Program 781) is used to establish the shell influence coefficient and to perform detail
stress analysis of the vessel. The stresses and the deformations of the vessel can be computed
for any combination of the following axi-symmetric loading:

a) Preload condition
b) Internal pressure
c) Thermal load

3.9.1.2.1.1.6 _CB&l Program 979 - "ASFAST"

ASFAST Program (Program 979) performs the stress analysis of axi-symmetric, bolted closure
flanges between head and cylindrical shell.

3.9.1.2.1.1.7 CB&l Program 766 - "TEMAPR"

This program will reduce any arbitrary temperature gradient through the wall thickness to an
equivalent linear gradient. The resulting equivalent gradient will have the same average
temperature and the same temperature-moment as the given temperature distribution. Input
consists of plate thickness and actual temperature distribution. The output contains the average
temperature and total gradient through the wall thickness. The program is written in FORTRAN
IV language.

3.9.1.2.1.1.8 CB&l Program 767 - "PRINCESS"

The PRINCESS computer program calculates the maximum alternating stress amplitudes from
a series of stress values by the method in Section Il of the ASME Pressure Vessel Code.
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3.9.1.2.1.1.9 CB&l Program 928 - "TGRV"

The TGRV program is used to calculate temperature distributions in structures or vessels.
Although it is primarily a program for solving the heat conduction equations, some provisions
have been made for including radiation and convection effects at the surfaces of the vessel.
The TGRV program is a greatly modified version of the TIGER heat transfer program written
about 1958 at Knolls Atomic Power Laboratory, by A. P. Bray. There have been many versions
of TIGER in existence including TIGER II, TIGER Il B, TIGER IV, and TIGER V, in addition to
TGRV. This manual has been written for use with CB&l's version of TGRV.

This program utilizes an electrical network analogy to obtain the temperature distribution of any
given system as a function of time. The finite difference representation of the three-dimensional
equations of heat transfer are repeatedly solved for small time increments and continually
summed. Linear mathematics are used to solve the mesh network for every time interval.
Included in the analysis are the three basic forms of heat transfer, conduction, radiation and
convection, as well as internal heat generation.

Given any odd-shaped structure, which can be represented by a three dimensional field, its
geometry and physical properties, boundary conditions, and internal heat generation rates,
TGRV will calculate and give as output the steady state or transient temperature distributions in
the structure as a function of time.

3.9.1.2.1.1.10 CB&I Program 962 - "EO962A"

Program EQ962A is one of a group of programs (E0953A, E1606A, E0962A, E0992N, E1037N,
and E0984N) which are used together to determine the temperature distribution and stresses in
pressure vessel components by the finite element method.

Program EQ962A is primarily a plotting program. Using the nodal temperatures calculated by
program E1606A or Program E0928A, and the node and element cards for the finite element
model, it calculates and plots lines of constant temperature (isotherms). These isotherm plots
are used as part of the stress report to present the results of the thermal analysis. They are
also very useful in determining at which points in time the thermal stresses should be
determined.

In addition to its plotting capability the program can also determine the temperatures of some of
the nodal points by interpolation. This feature of the program is intended primarily for use with
the compatible TGRV and finite element models that are generated by program E0953A.

3.9.1.2.1.1.11 CB&l Program 984

Program 984 is used to calculate the stress intensity of the stress differences, on a component
level, between two different stress conditions. The calculation of the stress intensity of stress
component differences (the range of stress intensity) is required by Section Il of the ASME
Code.

3.9.1.2.1.1.12 CB&I Program 992 - GASP

The GASP computer program, originated by Prof. E. L. Wilson of the University of California at
Berkeley, uses the finite element method to determine the stresses and displacements of plane
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or axi-symmetric structures of arbitrary geometry and is written in FORTRAN |V. For a detailed
account, see the following reference document.

Wilson, E. L.; "A Digital Computer Program for the Finite Element Analysis of Solids
with Non-Linear Material Properties," Aerojet General Corporation, Sacramento,
California. Technical Memorandum No. 23, July 1965.

As mentioned above, the program determines the stresses and displacements of plane or axi-
symmetric structures using the finite element method. The structures may have arbitrary
geometry and have linear or non-linear material properties. The loadings may be thermal,
mechanical, accelerational, or a combination of these.

The structure to be analyzed is broken up into a finite number of discrete elements or "finite-
elements" which are interconnected at finite number of "nodal-points" or "nodes." The actual
loads on the structure are simulated by statically equivalent loads acting at the appropriate
nodes. The basic input to the program consists of the geometry of the stress-model and the
boundary conditions. The program then gives the stress components at the center of each
element and the displacements at the nodes, consistent with the prescribed boundary
conditions.

3.9.1.2.1.1.13 CB&I Program 1037 - "DUNHAM'S"

DUNHAM'S program is a finite ring element stress analysis program. It will determine the
stresses and displacements of axi-symmetric structures of arbitrary geometry subjected to either
axi-symmetric loads or non-axi-symmetric loads represented by a Fourier series.

This program is similar to the GASP program (CB&I 992). The major differences are that
DUNHAM'S can handle non-axi-symmetric loads (which requires that each node have three
degrees of freedom) and the material properties for DUNHAM'S must be constant. As in GASP,
the loadings may be thermal, mechanical, and accelerational.

3.9.1.2.1.1.14 CB&I Program 1335

To obtain stresses in the shroud support, the baffle plate must be made a continuous circular
plate. The program makes this modification and allows the baffle plate to be included in CB&i
program 781 as two isotropic parts and an orthotropic portion at the middle (where the diffuser
holes are located).

3.9.1.2.1.1.15 CB&l Programs 1606 and 1657 - "HAP"

The HAP program is an axi-symmetric nonlinear heat analysis program. It is a finite element
program and is used to determine nodal temperatures in a two-dimensional or axi-symmetric
body subjected to transient disturbances. Programs 1606 and 1657 are identical except that
1606 has a larger storage area allocated and can thus be used to solve larger problems. The
model for program 1606 is compatible with CB&l stress programs 992 and 1037.

3.9.1.2.1.1.16 _CB&I Program 1634N

This program is used to analyze thin cylindrical shells subjected to local loading beyond the
range where Bijloard's curves are directly applicable, i.e., R/t >300.
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This program computes stresses and displacements in thin walled elastic cylindrical shells
subjected to mechanical loading such as radial loads, longitudinal and circumferential moments.

3.9.1.2.1.2 Reactor Internals

The following programs are used in the analysis of core support structures and other safety
related reactor internals: MASS, SNAP (MULTISHELL), and HEATER. These programs are
described in detail in Section 4.1.

3.9.1.2.2 Piping

The computer programs used in the analysis of NSSS piping systems are identified and
summarized below:

3.9.1.2.2.1 Structural Analysis Program SAP 4

The Structural Analysis Program SAP 4, for the static and dynamic analysis of linear structural
system is the result of several years research and development experience. The program has
proven to be a very flexible and efficient analysis tool. The first version of the SAP Program
was published in September, 1970. An improved static analysis program, namely SOLID SAP,
or SAP 2, was presented in 1971. Work was then started on a new static and dynamic analysis
program. The program SAP 3 was released towards the end of 1972. SAP 4 has the additional
analysis capability of out-of-core direct integration for the time history analysis.

The structural systems to be analyzed may be composed of combinations of a number of
different structural elements. The program presently contains the following element types:

a) three-dimensional truss element

b) three-dimensional beam element

c) plane stress and plane strain element,
d) two-dimensional axisymetric solid,

e) three-dimensional solid,

f) thick shell element,

9) thin plate or thin shell element,

h) boundary element,

i) pipe element (tangent and bend).

These structural elements can be used in a static or dynamic analysis. The capacity of the
program depends mainly on the total number of nodal points in the system, the number of
eigenvalues needed in the dynamic analysis and the computer used. There is practically no
restriction on the number of elements used, the number of load cases or the order and
bandwidth of the stiffness matrix. Each nodal point in the system can have from zero to six
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displacement degrees of freedom. The element stiffness and mass matrices are assembled in
condensed form; therefore, the program is equally efficient in the analysis of one-, two-, or
three-dimensional systems.

The formation of the structure matrices is carried out in the same way in a static or dynamic
analysis. The static analysis is continued by solving the equations of equilibrium followed by the
computation of element stresses. In a dynamic analysis the choice is between:

a) frequency calculations only,

b) frequency calculations followed by response history analysis,

c) frequency calculations followed by response spectrum analysis,
d) response history analysis by direct integration.

To obtain the frequencies and vibration mode shapes, solution routines are used which

calculate the required eigenvalues and eigenvectors directly without a transformation of the
structure stiffness matrix and mass matrix. This way the program operation and necessary
input data for a dynamic analysis is a simple addition to what is needed for a static analysis.

3.9.1.2.2.2 Component Analysis/ANSI 7

Application. The ANSI 7 Computer Program determines stress and accumulative usage factors
for thermal weight, seismic relief valve lift and turbine stop valve closure (as applicable)
conditions of loadings derived from the Structural System Analysis in accordance with NB-3600
of ASME Code Section llI.

Program Organization. For Class 1 ASME Code stress analysis, the program generates and
prints hoop, bending, thermal discontinuity, linear temperature gradient and nonlinear
temperature gradient components of stress for each equation of subarticle NB-3600 of Section
Ill. Load combination results from possible load sets for Class 1 stress equations. The total
stress (sum of component stresses) and the stress ratio (total stress divided by appropriate
stress intensity limit) is printed for each Class 1 equation. The total stress (sum of the
component stresses) and the stress ratio (total stress divided by the appropriate stress intensity
limit) is printed for each one of the equations 9, 10, 12, and 13 of NB-3600. The alternating
stresses and usage factor are calculated per NB-3653.6.

3.9.1.2.2.3 Integral Attachment/LUGSTR

The computer program "LUGSTR" was prepared to evaluate the stress in the pipe wall that are
produced by loads applied to the integral attachments. The program was prepared based on
the Welding Research Council Bulletin 198 including the evaluation due to stress range and
fatigue analysis.

3.9.1.2.2.4 Piping Analysis Program/PISYS

PISYS is a computer code specialized for piping load calculations. It utilizes selected stiffness
matrices representing standard piping components, which are assembled to form a finite
element model of a piping system. The technique relies on dividing the pipe model into several
discrete substructures, called pipe elements, which are connected to each other via nodes
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called pipe joints. It is through these joints that the model interacts with the environment, and
loading of the structure becomes possible. PISYS is based on the linear classical elasticity in
which the resultant deformation and stresses are proportional to the loading, and the
superposition of loading is valid.

PISYS has a full range of static and dynamic analysis options which include distributed weight,
thermal expansion, differential support motion modal extraction, response spectra, and time
history analysis by modal or direct integration. The PISYS program has been benchmarked
against five Nuclear Regulatory Commission piping models for the option-of-response-spectrum
analysis and the results are documented in a report to the Commission, "PISYS Analysis of
NRC Problem," NEDO-24210, August, 1979.

3.9.1.2.2.5 Relief Valve Discharge Pipe Forces/RVFO R

The relief valve discharge pipe connects the relief valve to the suppression pool. When the
valve is opened, the transient fluid flow causes time dependent forces to develop in the pipe
wall. This computer program computes the transient fluid mechanics and the resultant pipe
forces using the method of characteristics.

3.9.1.2.2.6 Turbine Stop Valve Closure/TSFOR

The TSFOR program computes the time history forcing function in the main steam piping due to
turbine stop valve closure. The program utilizes the method of characteristics to compute fluid
momentum and pressure loads at each change in pipe section or direction.

3.9.1.2.2.7 Piping Analysis Program/EZPYP

EZPYP links the ANSI-7 and SAP program together. The EZPYP program can be used to run
several SAP cases by making user specified changes to a biasic SAP pipe model. By
controlling files and SAP runs the EZPYP program gives the analyst the capability to perform a
complete piping analysis in one computer run.

3.9.1.2.2.8 Pipe Whip Analysis/PDA

The pipe whip analysis was performed using the PDA computer program. PDA is a computer
program used to determine the response of a pipe subjected to the thrust force occurring after a
pipe break. The program treats the situation in terms of generic pipe break configuration, which
involves a straight, uniform pipe fixed at one end and subjected to a time-dependent thrust-force
at the other end. A typical restraint used to reduce the resulting deformation is also included at
a location between the two ends. Nonlinear and time-independent stress-strain relations are
used for the pipe and the restraint. Similar to the popular plastic-hinge concept, bending of the
pipe is assumed to occur only at the fixed end and at the location supported by the restraint.

Shear deformation is also neglected. The pipe bending moment-deflection (or rotation) relation
used for these locations is obtained from a static nonlinear cantilever beam analysis. Using the
moment-rotation relation, nonlinear equations of motion of the pipe are formulated using an
energy consideration and the equations are numerically integrated in small time steps to yield
time-history information of the deformed pipe.
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3.9.1.2.3 Recirculation and ECCS Pumps and Motors

3.9.1.2.3.1 Recirculation Pumps

No computer programs were used in the design of the recirculation pumps.

3.9.1.2.3.2 ECCS Pumps and Motors

3.9.1.2.3.2.1 Structural Analysis Program/SAP4G

SAPA4G is used to analyze the structural and functional integrity of the ECCS pump/motor
systems. This is a general structural analysis program for static and dynamic analysis of linear
elastic complex structures. The finite element displacement method is used to solve the
displacements and stresses of each element of the structure. The structure can be composed
of unlimited number of three-dimensional truss, beam, plate, shell, solid, plate strain-plane
stress and spring elements that are axisymmetric. The program can treat thermal and various
forms of mechanical loading. The dynamic analysis includes mode superposition, time history,
and response spectrum analysis. Seismic loading and time-dependent pressure can be treated.
The program is versatile and efficient in analyzing large and complex structural systems. The
output contains displacements of each nodal point as well as stresses at the surface of each
element.

3.9.1.2.3.2.2 Effects of Flange Joint Connections/FTFLGO01

The flange joints connecting the pump bowl castings are analyzed using FTFLGO01. This
program uses the local forces and moments determined by SAP4G to perform flat flange
calculations in accordance with the rules set forth in Appendix Il and Section Ill of the ASME
Code.

3.9.1.2.3.2.3 Structural Analysis of Discharge Head/ANSYS

ANSYS is used to analyze the pump discharge head flange and bolting taking into account of
the prying action developed by the flag face contact surface. The program is described in detail
in 3.12.

3.9.1.2.3.2.4 Beam Element Data Processing/POSUM

POSUM is a computer code designed to process SAP generated beam element data for pump
or heat exchanger models. The purpose is to determine the load combination that would
produce the maximum stress in a selected beam element. It is intended for use on RHR heat
exchangers with four nozzles or ECCS pumps with two nozzles.

3.9.1.2.4 RHR Heat Exchangers

3.9.1.2.4.1 Structural Analysis Programs/SAP4G

SAP4G is used to analyze the structural and functional integrity of the RHR heat exchangers.
The description of this program is provided in Subsection 3.9.1.2.3.2.1.
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3.9.1.2.4.2 Shell Attachment Parameters and Coefficients/BILRD

BILRD is used to calculate the shell attachment parameters and coefficients utilized in the
stress analysis of the support to shell junction. The method, per Welding Research Council
Bulletin No. 107, is implemented to calculate local membrane stress due to the support reaction
loads on the heat exchanger shell.

3.9.1.2.4.3 Beam Element Data Processing/POSUM

POSUM is used to process SAP generated beam element data. The description of this program
is provided in Subsection 3.9.1.2.3.2.4.

3.9.1.2.5 Dynamic Loads Analysis

3.9.1.2.5.1 Dynamic Analysis Program/DYSEA

DYSEA simulates a beam model in the annulus pressurization dynamic analysis. A detailed
description of DYSEA is provided in Section 4.1. DYSEA employs a preprocessor program
names GZAPL. GZAPL converts pressure time histories into time varying loads and forcing
functions for DYSEA. The overall resultant forces and moments time histories at specified
points of resolution can also be obtained from GZAPL.

3.9.1.2.5.2 Acceleration Response Spectrum Program/SPECA

SPECA generates acceleration response spectrum for an arbitrary input time history of piece-
wise linear accelerations, i.e., to compute maximum acceleration responses for a series of
single-degree-of-freedom systems subjected to the same input. It can accept acceleration time
histories from a random file. It also has the capability of generating the broadened/enveloped
spectra when the special points are generated equally spaced on a logarithmic scale axis of
period/frequency. This program is also used in seismic and SRV transient analyses.

3.9.1.2.5.3 Fuel Support Loads Program/SEISM

SEISMO02 computes the vertical fuel support loads using the component element methods in
dynamics. The methodology is based on the publication "The Component Element Method in
Dynamics," by S. Levy and J. P. D. Wilkinson, McGraw Hill Co., New York, 1976.

3.9.1.3 Experimental Stress Analysis

When experimental stress analysis is used in lieu of analytical methods for Seismic Category |
ASME Code items, the requirements for experimental testing enumerated in the ASME Code
applicable for the specific components under test are applied. When testing is required for
Seismic Category | non-ASME Code items, account is taken of the effects of differences in size,
dimensional tolerances, and ultimate strength (or other governing material properties) between
the actual and tested parts to assure that the loads obtained from tests are realistic or
conservative representation of the capability of the actual structure.

The following subsections in this section list the components upon which experimental stress
analysis was used.
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3.9.1.3.1 Experimental Stress Analysis of NSSS Piping Components

The following components have been tested to verify their design adequacy:
a) Snubbers
b) Pipe whip restraints

Descriptions of the snubber and whip restraint tests are contained in Subsections 3.9.3.4 and
3.6, respectively.

3.9.1.3.2 Seismic Cateqgory | Items Other Than NSSS

Experimental testing is performed in the qualification and acceptance of snubbers,
compensating struts, and honeycomb material used in energy absorbing components for pipe
break.

3.9.1.4 Considerations for the Evaluation of Faulted Conditions

All Seismic Category | equipment in the NSSS is evaluated for the faulted loading conditions.
However, emergency stress limits rather than faulted stress limits were used in many cases.
In essentially all cases, calculated stresses are within allowable limits. The following
paragraphs in subsection 3.9.1.4 show examples of the treatment of faulted conditions for the
major components on a component by component basis. Additional discussion of faulted
analysis can be found in Subsections 3.9.3 and 3.9.5, and Table 3.9-2.

Subsection 3.9.2.2 and Section 3.7 discuss the treatment of dynamic loads resulting from the
postulated seismic and hydrodynamic events. Section 3.9.2.5 discusses the dynamic analysis
of loads affected on reactor internals equipment resulting from blowdown. Deformations under
faulted conditions have been evaluated in critical areas and no cases are identified where
design limits, such as clearance limits, are violated.

3.9.1.4.1 Control Rod Drive System Components

3.9.1.4.1.1 Control Rod Drives

The ASME Code components of the CRD have been analyzed for abnormal conditions shown
in Subsection 3.9.1.1.1.

The load criteria, calculated and allowable stresses for various operating conditions are
summarized in Table 3.9-2(u).

The design adequacy of non ASME code components of the CRD has been verified by analysis
and extensive testing programs on both component parts, specially instrumented prototype
drives and production drives. The testing has included postulated abnormal events as well as
the service life cycle listed in Subsection 3.9.1.1.1.

3.9.1.4.1.2 Hydraulic Control Unit

The Hydraulic Control Unit (HCU) was analyzed for the faulted condition.
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The analysis of the HCU under faulted condition loads establishes the structural integrity of the
system.

Section 3.9.2.2a.2.4 discusses the dynamic qualification of the HCU.

3.9.1.4.2 Standard Reactor Internal Components

3.9.1.4.2.1 CR Guide Tube

The maximum calculated stress on the CR Guide Tube occurs in the base during the faulted
condition. The loading criteria and calculated and allowable stresses are summarized in Table
3.9-2aa.

3.9.1.4.2.2 Incore Housing

The maximum calculated stress on the Incore Housing occurs at the outer surface of the vessel
penetration during the faulted condition. The loading criteria and calculated and allowable
stresses are shown in Table 3.9-2ab.

3.9.1.4.2.3 Jet Pump

The maximum stress in the jet pump occurs in the faulted condition due to impulse loading of
the diffuser during a pipe rupture and blowdown. Table 3.9-2w summarizes loading criteria, and
calculated and allowable stresses.

3.9.1.4.2.4 Orificed Fuel Support

A series of vertical and horizontal load tests were performed on the orificed fuel support (OFS)
in order to verify the design. Results from these tests indicate that the component and seismic
loading of the OFS are well below the stress limit allowables with a safety margin of 1.26 for the
normal and upset conditions, and 1.5 for the faulted condition. The allowable stress limits were
arrived at by applying a .65 quality factor to the ASME Code allowables of 1.5 S for the upset
condition, and 1.5 x .7 Su for the faulted condition.

3.9.1.4.2.5 Control Rod Drive Housing

The CRD Housing is analyzed for the faulted condition considering SSE and hydrodynamic
loads. Table 3.9-2v shows that the calculated stresses are within the allowable stresses.

3.9.1.4.3 Reactor Pressure Vessel Assembly

The reactor pressure vessel, support skirt, and the shroud support were evaluated using elastic
analysis methods for the faulted conditions. For the support skirt and shroud support an elastic
analysis was performed and buckling was evaluated for the compressive load. Table 3.9-2a
lists the loading criteria and calculated and allowable stresses for the various loading
combinations.
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3.9.1.4.4 Core Support Structure

The evaluations for faulted conditions for the core support structure are discussed in
Subsection 3.9.5. The loading criteria and calculated and allowable stresses are summarized
in Table 3.9-2b.

3.9.1.4.5 Main Steam Isolation, Recirculation Gate, and Safety/Relief Valves

Tables 3.9-2g, 3.9-2h, and 3.9-2j provide a summary of the analyses of the safety/relief, main
steam isolation, and recirculation gate valves, respectively.

Standard design rules, as defined in the ASME Code, Section lll, are utilized in the analysis of
pressure boundary components of Seismic Category | valves. Conventional elastic stress
analysis is used to evaluate components not defined in the ASME code. The code allowable
stresses are applied to determine acceptability of structure under applicable loading conditions
including faulted condition.

3.9.1.4.6 Main Steam and Recirculation Piping

For Main Steam and Recirculation System piping, elastic analysis methods are used for
evaluating faulted loading conditions. The equivalent allowable stresses using elastic
techniques are obtained from ASME Code Section Ill, Appendix F, "Rules for Evaluation of
Faulted Conditions," and these are above elastic limits. Additional information on the main
steam and recirculation piping and pipe-mounted equipment is in Table 3.9-2d and 3.9-2e.

3.9.1.4.7 Nuclear Steam Supply System Pumps, Heat Exchanger, and Turbines

The recirculation, ECCS, RCIC, and SLC pumps, RHR heat exchangers and RCIC turbine have
been analyzed for the faulted loading conditions identified in Subsection 3.9.1.1. In all cases,
stresses were within the elastic limits. The analytical methods, stress limits, and allowable
stresses are discussed in Subsections 3.9.2.2 and 3.9.3.1.

3.9.1.4.8 Control Rod Drive Housing Supports

Design adequacy of the CRD Housing Supports is shown by comparing the total static and
dynamic loads to the original design loads. The comparison shows that the hydrodynamic loads
and other dynamic loads combined by SRSS are less than the original design loads.

3.9.1.4.9 Fuel Storage Racks

The stress criteria, loadings, calculated stresses, and stress limits for the faulted conditions for
the new fuel storage racks are shown in Table 3.9-2s. No inelastic stress analyses were used
on these components.

Similar information for the spent fuel storage racks was provided by the rack vendor.

3.9.1.4.10 Fuel Assembly (Including Channels)

Seismic/ LOCA loading evaluations for channeled ATRIUM™-10 fuel and channeled Lead Use
Assemblies are located in Section 4.2. (Fuel System)
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3.9.1.4.11 Refueling Equipment

Refueling and servicing equipment that is important to safety is classified as essential
equipment per the requirements of 10 CFR 50, Appendix A. This equipment and other
equipment whose failure would degrade an essential component is defined in Section 9.1 and is
classified as Seismic Category |. These components are subjected to an elastic dynamic finite
element analysis to generate loadings. This analysis utilizes appropriate seismic floor response
spectra and combines loads at frequencies up to 33 Hz for seismic and up to 60 Hz for the
hydrodynamic loads in three directions. Imposed stresses are generated and combined for
normal, upset, and faulted conditions. Stresses are compared, depending on the specific safety
class of the equipment, to Industrial Codes, ASME, ANSI or Industrial Standards, AISC,
allowables. The calculated stresses and allowable limits for the faulted loads for the fuel
preparation machine are provided in Table 3.9-2s. The refueling platform has also been
examined; it can withstand the faulted loads due to seismic hydrodynamic events.

3.9.1.4.12 Seismic Category | Items Other than NSSS

For statically applied loads, the stress allowables of Appendix F of the ASME Code, Section llI,
Winter 1972 were used for code components. For non-code components, allowables were
based on tests or accepted standards consistent with those in Appendix F of the code.

Dynamic loads for components loaded in the elastic range were calculated using dynamic load
factors, time history analysis, or any other method that assumes elastic behavior of the
component.

The limits of the elastic range are defined in Paragraph 1323 of Appendix F for the code
components. The local yielding due to stress concentration is assumed not to affect the validity
of the assumptions of elastic behavior. The stress allowables of Appendix F for elastically
analyzed components were used for code components. For non-code components, allowables
were based on tests or accepted material standards consistent with those in Appendix F for
elastically analyzed components.

The methods used in evaluating the pipe break effects are discussed in Section 3.6.

3.9.2 DYNAMIC TESTING AND ANALYSIS

3.9.2.1a Preoperational Vibration and Dynamic Effects Testing on NSSS Piping

The test program is divided into three phases: preoperational vibration, startup vibration, and
operational transients.

3.9.2.1a.1 Preoperational Vibration Testing

The purpose of the preoperational vibration test phase is to verify that operating vibrations in the
recirculation piping are acceptable. This phase of the test uses visual observation.

3.9.2.1a.2 Small Attached Piping

There is no small attached piping in the NSSS scope of supply.
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3.9.2.1a.3 Startup Vibration

The purpose of this phase of the program is to verify that the main steam and recirculation
piping vibration are within acceptable limits. Because of limited access due to high radiation
levels, no visual observation is made during this phase of the test. Remote measurements were
made during the following steady state conditions:

a) Main steam flow at 25% of rated;
b) Main steam flow at 50% of rated;
c) Main steam flow at 75% of rated;
d) Main steam flow at 100% of rated.

3.9.2.1a.4 Operating Transient Loads

The purpose of the operating transient test phase is to verify that pipe stresses are within Code
Limits. The amplitude of displacements and number of cycles per transient of the main steam
and recirculation piping were measured and the displacements compared with acceptance
criteria. The deflections are correlated with the calculated deflections to assure that the
stresses remain within Code limits. Remote vibration and deflection measurements were taken
during the following transients:

a) Recirculation pump starts;

b) Recirculation pump trip at 100% of rated flow;

c) Turbine stop valve closure at 100% power;

d) Manual discharge of representative S/R valves at 1,000 psig and at planned

transient tests that result in S/R valve discharge.

3.9.2.1a.5 Test Evaluation and Acceptance Criteria

The piping response to test conditions shall be considered acceptable if the organization
responsible for the stress report reviews the test results and determines that the tests verify that
the piping responded in a manner consistent with the predictions of the stress report and/or that
the tests verify that piping stresses are within Code limits. To insure test data integrity and test
safety, criteria have been established to facilitate assessment of the test while it is in progress.
These criteria, designated Level 1 and 2, are described in the following paragraphs.

3.9.2.1a.5.1 Level 1 Criterion

Level 1 establishes the maximum limits for the level of pipe motion which, if exceeded, makes a
test hold or termination mandatory.

If the Level 1 limit is exceeded, the plant will be placed in a satisfactory hold condition, and the

responsible piping design engineer will be advised. Following resolution, applicable tests must
be repeated to verify that the requirements of the Level 1 limits are satisfied.
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3.9.2.1a.5.2 Level 2 Criterion

Level 2 specifies the level of pipe motion which, if exceeded, requires that the responsible
piping design engineer be advised. If the Level 2 limit is not satisfied, plant operating and
startup testing plans would not necessarily be altered. Investigations of the measurements,
criteria, and calculations used to generate the pipe motion limits would be initiated. An
acceptable resolution must be reached by all appropriate and involved parties, including the
responsible piping design engineer. Depending upon the nature of such resolution, the
applicable tests may or may not have to be repeated.

3.9.2.1a.6 Corrective Actions

During the course of the tests, the remote measurements shall be regularly checked to
determine compliance with the Level 1 criterion. If trends indicate that the Level 1 criterion may
be violated, the measurements shall be monitored at more frequent intervals. The test will be
held or terminated as soon as the criterion is violated. As soon as possible after the test hold or
termination, the following corrective actions will be taken:

a) Installation Inspection. A walkdown of the piping and suspension will be made to identify
any obstruction or improperly operating suspension components. If vibration exceeds
criteria, the source of the excitation must be identified to determine if it is related to
equipment failure. Action will be taken to correct any discrepancies before repeating the

test.

b) Instrumentation Inspection. The instrumentation installation and calibration will be
checked and any discrepancies corrected. Additional instrumentation will be added,
if necessary.

c) Repeat Test. If actions (a) and (b) identify discrepancies that could account for failure

to meet the Level 1 criterion, the test will be repeated.

d) Resolution of Findings. If the Level 1 criterion is violated on the repeat test or no
relevant discrepancies are identified in (a) and (b), the organization responsible for the
stress report shall review the test results and criteria to determine if the test can be
safely continued.

If the test measurements indicate failure to meet the Level 2 criterion, the following corrective
actions will be taken after completion of the test:

a) Installation Inspection. A walkdown of the piping and suspension shall be made to
identify any obstruction or improperly operating suspension components. If vibration
exceeds limits, the source of the vibration must be identified. Action, such as
suspension adjustment, will be taken to correct any discrepancies.

b) Instrumentation Inspection. The instrumentation installation and calibration will be
checked and any discrepancies corrected.

c) Repeat Test. If (@) and (b) above identify a malfunction or discrepancy that could

account for failure to comply with Level 2 criterion and appropriate corrective action has
been taken, the test may be repeated.
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d) Documentation of Discrepancies. If the test is not repeated, the discrepancies found
under actions (a) and (b) above shall be documented in the test evaluation report and
correlated with the test condition. The test will not be considered complete until the test
results are reconciled with the acceptance criteria.

3.9.2.1a.7 Measurement Locations

Remote shock and vibration measurements were made in the three orthogonal directions near
the first downstream S/R valve on each steam line; and in the three orthogonal directions on the
piping between the recirculation pump discharge and the first downstream valve. During
preoperational testing prior to fuel load, visual inspection of the piping was made, and any
visible vibration measured with a handheld instrument.

For each of the selected remote measurement locations, Levels 1 and 2 deflection and
acceleration limits were prescribed in the startup test specification. Level 2 limits were based on
the results of the stress report adjusted for operating mode and instrument accuracy; Level 1
limits were based on maximum allowable Code stress limits.

3.9.2.1b Preoperational Thermal Vibration and Dynamic Effects of Testing of Piping other than
NSSS

The dynamic effects on all safety-related ASME Class 1, 2, and 3 piping systems, including their
supports and restraints, are considered as required by NB-3622.3, NC-3622, and ND-3622 of
Section Ill of ASME B&PV Code. The structural and functional integrity of the piping system is
ensured under a postulated seismic event by dynamic analysis only. Piping systems having
significant anticipated transients loads, e.g., main stop valve closure or relief valve blow for
example, are analyzed for the time-dependent forces. In addition, piping steady state vibration
and dynamic transient tests were performed as summarized below, to ensure that

a) Excessive steady state vibration is not present in the piping that would result in
piping stresses and restraint loads above the allowables.

b) The piping is adequately restrained to withstand the dynamic transient loads.

Cognizant design personnel familiar with the systems to be tested developed the test plans, and
evaluate the test results. Also the cognizant design personnel witnessed the test. The data
acquired from the tests was compared with the expected results to determine the acceptability
of the total system response.

A list of all piping systems in the BOP is provided in Table 3.9-20. ASME Section Il Class 1, 2
and 3 piping systems, high energy piping systems, moderate energy piping systems, seismic
Category | and seismic Category Il systems are identified in the Table. The Table also identifies
the tests to be performed for each system.

Piping thermal expansion tests are performed for the safety-related piping systems with normal
operating temperature exceeding 300°F. Safety-related piping systems with normal operating
temperature less than 300°F do not have enough significant thermal expansion to warrant
thermal expansion tests. Engineering review of all seismic Category | piping systems, including
their supports, restraints or snubbers, is performed after completion of construction and prior to
fuel load to ensure that no restraint of normal thermal movement occurs due to interferences
and obstructions, and that the support and restraints are in accordance with the design intent.
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For the systems receiving thermal expansion tests, the pipe movements are monitored to
ensure that no restraint of normal thermal movement occurs at locations other than at the
designed restraint locations.

The thermal expansion test program verifies that the free thermal expansion of piping systems
takes place at the snubbers by monitoring the thermal movement. Performance of the snubbers
designed for transient loads such as due to Main Stop Valve Closure or Main Steam Relief
Valve Discharge are verified by measuring the load in the snubber during the dynamic transient
tests. The snubbers are qualified by dynamic testing for cyclic loading as described in
Subsection 3.9.3.4.1.

The acceptance criterion for thermal expansion tests and dynamic transient tests is that the
measured pipe displacements or restraint loads shall be below the calculated or design values.

The acceptance criterion for the steady-state vibration tests is:
Either

The maximum measured amplitude of the piping vibration shall not induce a stress in the pipe
more than half the endurance limit of the material for B31.3 piping. The maximum stress in the
pipe due to steady state vibration for class 1, 2 & 3 piping is limited to one-half of the endurance
limit (allowable stress corresponding to 10° cycles in Appendix | of ASME Section Ill), the
steady-state vibration-induced stress will not contribute to the reduction of fatigue life of piping.

Or

Acceptance criterion are divided into two categories, i.e., Level 1 and Level 2. If the Level 1
criterion is violated, the test must be placed on hold. If the Level 2 criterion is violated, the test
can continue, but the measurements must be evaluated to verify that continued test operation
will not result in exceeding piping fatigue requirements.

For steady state vibration the piping peak stress zero to peak due to vibration only (neglecting
pressure) will not exceed 10,000 psi for the Level 1 criterion and 5,000 psi for the Level 2
criterion. These limits are below the piping material fatigue endurance limits as defined for 108
cycles in Appendix | of the ASME Code, Section lII.

The Table 3.9-20 provides cross reference between the FSAR Section 3.9 and the appropriate
test description in FSAR Chapter 14.

3.9.2.1b.1 Piping Dynamic Transient Tests

During the preoperational and/or startup testing, dynamic transient tests will be performed on
the following piping for the indicated modes of operation.

a) Main steam piping outside the containment for main steam turbine stop valve closure at
30 percent £10%, 75 percent £10%, and 100 percent +0 -10% power.

b) Main steam bypass piping to the anchor near the bypass valves for the turbine stop
valve closure.
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c) Selected main steam safety/relief valve discharge piping for the main steam relief valve
opening. The selected SRV discharge piping brackets all the SRV discharge piping.

d) HPCI turbine steam supply piping for HPCI turbine trip.

e) Feedwater system reactor feed pump trip/coastdown under operating conditions;
Pump A only, B only, and C only and at normal pump flowrate.

From past experience, the dynamic transients in other piping systems are not significant.

Dynamic transient analysis of the subject lines has been performed to determine the response
of the piping system and the restraint loads. During the test the displacement of the pipe, loads
in the snubbers and restraints and pressure at representative locations will be measured.

Acceptance criteria for this test are that the measured loads in the snubbers and restraints shall
be below the design values of the snubbers and restraints. In the case (e) the acceptance
criteria is that the measured response shall be less than the acceptable response determined by
analysis.

3.9.2.1b.2 Piping Steady State Vibration Testing

The piping system associated with the following components' operation will be observed for
steady state vibration during preoperational test programs or power ascension:

a) RHR pump
b) HPCI pump and turbine
c) RCIC pump and turbine

d) Core spray pump

e) Main Steam
f) Feedwater
9) Reactor Water Cleanup

From experience on other nuclear power plants, the steady state vibration in other piping
systems is not critical. However, abnormal vibrations of other systems during system walkdown
on initial startup or power escalation will be noted and instrumented if necessary to determine
the acceptability of such vibration.

Steady-state vibration in the subject piping systems is primarily induced by the flow in the pipe
and the equipment motion. In general, the specific causes of the steady-state vibration is not
known beforehand; therefore, design engineers with stress analysis experience and familiarity
with the subject piping system will visually observe the lines or monitor inaccessible lines with
suitable instrumentation during all significant modes of system operation and classify each line
as acceptable if the vibration is not significant, or questionable if vibration is significant. The
lines with questionable steady-state vibration will be monitored by suitable instrumentation to
determine the system response.
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The type of the instrumentation, if necessary, will be determined by the design engineer so that
the maximum amplitude and frequency response of the piping system can be determined. The
instrumentation will not screen out the significant frequencies.

For lines with questionable steady-state vibration, the acceptance criterion is as discussed in
Subsection 3.9.2.1b.

When required, additional restraints will be provided to reduce the steady-state vibration and to
keep the stresses below the acceptance criterion levels.

3.9.2.2a Seismic and Hydrodynamic Qualification of Safety-Related NSSS Mechanical
Equipment

This subsection describes the criteria for dynamic qualification of mechanical safety-related
equipment and also describes the qualification testing and/or analysis applicable to this plant for
all the major components on a component-by-component basis. In some cases, a module or
assembly consisting of mechanical and electrical equipment is qualified as a unit, for example,
motor powered pumps. These modules are generally discussed in this paragraph rather than
providing discussion of the separate electrical parts in Sections 3.10 and 3.11. Dynamic
qualification testing for pumps and valves is also discussed in Subsection 3.9.3.2. Electrical
supporting equipment such as control consoles, cabinets, and panels which are part of the
NSSS are discussed in Subsection 3.10.

All safety related NSSS mechanical equipment located in the Containment and the Reactor and
Control Buildings are qualified for the combined seismic and hydrodynamic vibratory loadings.
Procedures for the assessment and requalification of safety-related NSSS mechanical
equipment for the additional hydrodynamic loads are described in Section 7.1.6 of the Design
Assessment Report (DAR.)

3.9.2.2a.1 Tests and Analysis Criteria and Methods

The ability of equipment to perform its safety-related function during and after the application of
dynamic loads is demonstrated by tests and/or analysis. Selection of testing, or analysis, or a
combination of the two is determined by the type, size, shape, and complexity of the equipment
being considered. When practical, equipment operability is demonstrated by testing. Otherwise,
operability is demonstrated by mathematical analysis.

Equipment which is large, simple, and/or consumes large amounts of power is usually qualified
by analysis or test to show that the loads, stresses and deflections are less than the allowable
maximum. Analysis and/or testing is also used to show there are no natural frequencies below
33 Hz for seismic loads and 60 Hz for hydrodynamic loads. If a natural frequency is discovered,
dynamic tests may be conducted and in conjunction with mathematical analysis used to verify
operability and structural integrity at the required dynamic input conditions. When the equipment
is qualified by dynamic test, either the response spectrum or time history of the attachment point
is used in determining input motion.

Natural frequency may be determined by running a continuous sweep frequency search using a
sinusoidal steady-state input of low magnitude. Dynamic loading conditions are simulated by
testing using random vibration input or single frequency input (within equipment capability) at
frequencies through 35 Hz. Whichever method is used, the input amplitude during testing
envelopes the actual input amplitude expected during dynamic loading conditions.
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The equipment being dynamically tested is mounted on a fixture which simulates the intended
service mounting and causes no dynamic coupling to the equipment.

Equipment having an extended structure, such as a valve operator, is analyzed by applying
static equivalent dynamic loads at the center of gravity of the extended structure. In cases
where the equipment structural complexity makes mathematical analysis impractical, a test is
used to determine spring constant and operational capability at maximum equivalent dynamic
loading conditions. Pipe-mounted equipment is analyzed in the piping system dynamic
analysis.

3.9.2.2a.1.1 Test Input Motion

When random vibration input is used, the actual input motion envelopes the appropriate floor
input motion at the individual modes. However, single frequency input, such as sine beats, can
be used provided one of the following conditions are met:

a) The characteristics of the required input motion are dominated by one frequency.
b) The anticipated response of the equipment is adequately represented by one mode.
c) The input has sufficient intensity and duration to excite all modes to the required

magnitude, such that the testing response spectra will envelope the corresponding
response spectra of the individual modes.

3.9.2.2a.1.2 Application of Input Motion

When dynamic tests are performed, the input motion is applied to one vertical and one
horizontal axis simultaneously. However, if the equipment response along the vertical direction
is not sensitive to the vibratory motion along the horizontal direction, and vice versa, then the
input motion is applied to one direction at a time. In the case of single frequency input, the time
phasing of the inputs in the vertical and horizontal directions are such that a purely rectilinear
resultant input is avoided.

3.9.2.2a.1.3 Fixture Design

The fixture design will simulate the actual service mounting and cause no dynamic coupling to
the equipment.

3.9.2.2a.1.4 Prototype Testing

Equipment testing has been conducted on prototypes of the equipment installed in this plant.

3.9.2.2a.2 Seismic and Hydrodynamic Qualification of Specific Mechanical Components

The following sections discuss the testing or analytical qualification of NSSS equipment.
Seismic and hydrodynamic qualification is also described in Subsections 3.9.1.4, 3.9.3.1, and
3.9.3.2.
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3.9.2.2a.2.1 Jet Pumps

A dynamic analysis of the jet pumps was performed. The stresses resulting from the analysis
are below the design allowables.

3.9.2.2a.2.2 CRD and CRD Housing

The dynamic qualification of the CRD housing (with enclosed CRD) was done analytically. The
results of this analysis established the structural integrity of these components. Preliminary
dynamic tests have been conducted to verify the operability of the Control Rod Drive during a
dynamic event. A test was performed in which the CRD was shown to function satisfactorily,
while a static bow in the fuel channels was used to simulate dynamic loading.

3.9.2.2a.2.3 Core Support (Orificed Fuel Support and CR Guide Tube)

A detailed analysis imposing dynamic effects due to seismic and hydrodynamic events has
shown that the maximum stresses developed during these events are much lower than the
maximum allowed for the component material.

3.9.2.2a.2.4 Hydraulic Control Unit (HCU)

The seismic and hydrodynamic load adequacy of the HCU for the faulted condition is
demonstrated by test and analysis. With the HCU's mounted on a seismic support structure, the
dynamic loading results from application of 3.0g vertical at the natural frequency of 7 to 30 Hz,
and 1.0g horizontal at 2 to 6 Hz, and 5.0g horizontal at 10 Hz. At these frequencies, the
maximum HCU capability demonstrated for dynamic loading is 20g vertical at 7 to 30 Hz, and
greater than 4g horizontal at 2 to 6 Hz, and 8g horizontal at 10 Hz.

3.9.2.2a.2.5 Fuel Channels

Fuel channel loading is discussed in Section 3.9.1.4.10.

3.9.2.2a.2.6 Recirculation Pump and Motor Assembly

Calculations are made to determine that the recirculation pump and motor assembly are
designed to withstand the specific static to seismic and hydrodynamic forces. The flooded
assembly was analyzed as a free body supported by constant support hangers from the
brackets on the motor mounting member with mechanical snubbers attached to brackets
located on the pump case and the top of the motor frame.

Primary stresses due to horizontal and vertical dynamic forces were considered to act
simultaneously and are conservatively added directly. Horizontal and vertical dynamic forces
were applied at mass centers and equilibrium reactions determined for motor and pump
brackets.

3.9.2.2a.2.7 ECCS Pump and Motor Assembly

Pump/motor assemblies were analyzed with static loading equivalent to seismic acceleration
under faulted conditions since the natural frequencies are above 33 Hz. The maximum
specified vertical and horizontal accelerations were applied simultaneously in the worst case
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combination and the results of the analysis indicate that the pump is capable of sustaining the
loadings without overstressing the pump components.

A motor of similar design has been dynamically qualified by a combination of static analysis and
dynamic testing. The motor has been seismically qualified via dynamic testing in accordance
with IEEE 344, 1975. The qualification test program included demonstration of startup and
shutdown capabilities, as well as no load operability during seismic and hydrodynamic loading
conditions.

3.9.2.2a.2.8 RCIC Pump Assembly

The barrel type RCIC pump is mounted on a large cross-section pedestal.

The RCIC pump assembily is qualified by analysis using static loading equivalent to seismic and
hydrodynamic loading with the design operating loads and temperature. The results of this
analysis confirm that the calculated stresses are substantially less than the allowable stresses.

3.9.2.2a.2.9 RCIC Turbine Assembly

The RCIC turbine is qualified by analysis using static loading equivalent to dynamic loading.
The turbine assembly and its components were considered to be supported as designed.
Horizontal/vertical accelerations were applied to the mass centers of gravity. The magnitude of
the acceleration coefficients was 3.0g horizontal and 1.0g vertical. The results of the analysis
indicate that the turbine assembly is capable of sustaining the above loadings without
overstressing any components.

The turbine assembly is qualified by dynamic testing, in accordance with IEEE 344-1975. The
qualification test program demonstrated start-up, steady-state operability, and shutdown
capabilities.

3.9.2.2a.2.10 Standby Liquid Control Pump and Motor Assembly

The SLC positive displacement pump and motor are mounted on a common base plate which is
qualified by static analysis using static loading equivalent to the dynamic loading with the design
operating loads and temperature.

The results of this analysis confirm that the calculated stresses are substantially less than the
allowable stresses.

3.9.2.2a.2.11 RHR Heat Exchangers

A three-dimensional finite element model of the RHR heat exchanger and its support was
developed and analyzed using the response spectrum method to verify that the heat exchanger
can withstand seismic and hydrodynamic loads. The same model was statically analyzed to
evaluate the effects of the external piping loads and dead weight to ensure that the nozzle load
criteria and stress limits are met. Critical location stresses were evaluated and found to be
lower than the corresponding allowable values.
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3.9.2.2a.2.12 Safety Relief Valves (SRV)

Three SRVs of the Susquehanna design were subjected to the following qualification test
programs in order to demonstrate compliance with the performance requirements under the
specified conditions.

1. Life Cycle Tests - These tests consisted of subjecting each of the prequalification
production units to approximately 300 safety and relief actuations in order to verify
acceptability of the design to meet the requirements for (a) set pressure, (b) opening and
closing response time, (c) blowdown, (d) seat tightness, (e) achievement of rated-
capacity flow lift (ASME) during each actuation, (f) proper reclosure after each actuation
without a tendency to stick open, chatter, or resulting in disc oscillation, and (g) opening
without any inlet pressure applied which requirement (h) simulates an emergency
operability condition.

Conditions such as operating temperature, pressure ramp rate, dynamic and static back-
pressures, pneumatic operating pressure and solenoid voltage were varied to assure
valve operability under normal and transient operating conditions. Upon completion of
the tests, test units were disassembled and inspected. This test program established
the qualified service life of the safety relief valve.

2. Seismic Tests - The test units were subjected to seismic tests to simulate the normal,
upset, emergency, and faulted conditions.

Post-OBE and post-SSE reference frame tests were performed to determine the
operability effects due to repeated combinations of seismic simulations, nozzle loadings,
temperature and pressure. These reference frame tests consisted of set pressure
determination during safety actuation, response time determination during relief
actuation, valve leakage, and an emergency operability test. These reference frame
tests were performed with induced nozzle loads applied.

In order to evaluate the design capability of the test unit, the OBE and SSE tests were
repeated using a higher input level. The test conditions during these tests are shown in
Table 5.2-3.

After the seismic tests, the electro-pneumatic actuator assembly was removed from the
test unit and subjected to post seismic reference frame tests, a negative pressure test,
post-negative pressure reference frame tests, a postulated Loss of Coolant Accident
(LOCA) environmental test, and a post-LOCA reference frame test and inspection.

3.9.2.2a.2.13 Standby Liquid Control Tank

The standby liquid control tank is a cylindrical tank 9 feet in diameter and 12 feet high bolted to
the concrete floor. The Standby Liquid Control Tank is qualified by analysis for:

a) Stresses in the tank bearing plate
b) Belt stresses
c) Sloshing loads imposed at the natural frequency of sloshing, which is 0.58 Hz
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d) Minimum wall thickness
e) Buckling

The results of the analysis confirm that the calculated stresses at the investigated locations are
below the allowable stresses.

3.9.2.2a.2.14 Main Steam Isolation Valves

The main steam isolation valves were analyzed; representative models were statically tested to
demonstrate operability at the specified faulted condition. Static testing consisted of loading the
valve actuator mechanically to equivalent specified dynamic loading while valve closure was
performed. Operation of the valve under simulated faulted conditions was demonstrated by this
test.

3.9.2.2a.2.15 Main Steam Safety/Relief Valves

Due to the complexity of the SRVs and the performance requirements, the total assembly of the
safety/relief valve (including electrical, pneumatic devices) was dynamically tested at
accelerations equal to or greater than the combined specified SSE and hydrodynamic loading.
Satisfactory operation of the valves was demonstrated during and after the test.

3.9.2.2a.2.16 _HPCI Turbine

The HPCI turbine was qualified by static analysis equivalent seismic acceleration. The turbine
assembly and its components were considered to be supported as designed, and loading
equivalent to horizontal/vertical accelerations was applied to the center of mass. The results of
the analysis indicate that the turbine assembly is capable of sustaining the loadings without
overstressing any components. The turbine electronic governor assembly has been seismically
qualified via dynamic testing, in accordance with IEEE 344-1975. The qualification test program
demonstrated startup, steady state operability, and shutdown capabilities.

3.9.2.2a.2.17 HPCI Pump

The HPCI pump is a split body type comprising a booster pump and a main pump mounted on a
common base plate. The pump assembly behaves as a rigid body; therefore, qualification by
analysis was performed. Results are obtained by using acceleration forces acting
simultaneously in two directions, one vertical and one horizontal and calculated using the
square root of the sum of the squares method. The pump mass, support system, and
accessory piping are shown by analysis to have a natural frequency less than 33 Hz.

3.9.2.2b Seismic Qualification Testing of Safety Related Non-NSSS Mechanical Equipment

All Non-NSSS Seismic Category | equipment has been designed to withstand simultaneously
the horizontal and vertical accelerations caused by the OBE and the SSE, in conjunction with
other applicable loads. All equipment classified as active have demonstrated through
qualification that they will perform their design function before, during and after a design basis
accident.

The criteria for the seismic qualification of non-NSSS mechanical and electrical equipment, with
the exception of valves, valve operators other than relief valves and the equipment found in the
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Diesel Generator 'E' Building, is contained in project specification No. 8856-G-10 for a seismic
environment complemented by No. 8856-G-22 for a combined seismic and hydrodynamic
environment. For the Diesel Generator 'E' facility, the criteria for seismic qualification of
mechanical and electrical equipment is contained in project specification No. C-1041 and
Cooper Energy Services Standard No. SD-140. The standard IEEE-344, "Seismic Qualification
of Class 1E Equipment for Nuclear Power Generating Stations", is referenced in the G-10 and
C-1041 Specifications and is being used as a supplement to the G-10, G-22, and C-1041
Specifications in the individual equipment procurement documentation package. Specifications
G-10, G-22, and C-1041 and Standard IEEE-344 address the requirements of the
demonstration of the seismic adequacy of equipment by analysis and/or tests. NRC Regulatory
Guide 1.100 Revision 1, August 1977 accepts the use of standard IEEE-344 with a few
modifications. Table 3.9-18 shows the comparison of the specification G-10 with IEEE-344-
1975.

Non-NSSS motor-and air-operated valves are addressed in Subsection 3.9.3.2b.2. Control
valves are addressed in Section 3.10b.

The assessment and requalification of safety-related non-NSSS mechanical equipment for the
additional hydrodynamic loads are described in Section 7.1.7 of the Design Assessment Report
(DAR).

3.9.2.2b.1 Safety-Related and Safety-Impacted Mechanical Equipment Other than for
the NSSS

3.9.2.2b.1.1 Dynamic Analysis Without Testing

Structural analysis without testing was used if structural integrity alone could ensure the
intended design function. Equipment that falls into this category includes:

Safety-Related

a) Diesel oil storage tanks

b) Containment instrument gas accumulators
c) Suppression pool suction strainers

d) Nuclear safety/relief valves

e) Vacuum breakers

Safety-Impacted

f) Supports for air handling units

9) Diesel building supports for cranes
h) Reactor building supports for cranes
i) Fuel pool skimmer surge tanks
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Rotational analysis without testing was used to qualify heavy rotating machinery where it had to
be verified that deformations from seismic loading would not bind the rotating element so that
the component could not perform its intended design function. Components that fall into this
category include:

a) Diesel generators

b) Diesel oil transfer pumps

c) RHR service water pumps

d) Emergency service water pumps

e) Control room centrifugal water chiller pumps

Refer to Tables 3.9-16 and 3.9-17 for listings of dynamically qualified equipment.

3.9.2.2b.1.2 Dynamic Testing

The equipment subjected to dynamic testing are the hydrogen recombiners (NSD-E-JFW 1003
March 4, 1975) and rupture discs (Black Sivalls Bryson, January 3, 1977). The rupture discs
are installed in the exhaust of the HPCI and RCIC turbines.

3.9.2.2b.2 Criteria

For dynamic analysis without testing the equipment listed under Subsection 3.9.2.2b.1.1, and
for dynamically testing the rupture discs under Subsection 3.9.2.2b.1.2, the criteria are as
follows.

Response Spectrum Curves

The appropriate response spectrum curves for the equipment in question were issued with the
material requisition or the equipment specification, for OBE, SSE, LOCA and SRV (LOCA &
SRV only when applicable). Response spectrum curves are based upon the seismic analysis of
the supporting structure and represent the maximum seismic response, as a function of
oscillator frequency, of an array of single degree of freedom damped oscillators at a particular
location within the structure. Response spectrum curves, plotted in terms of acceleration versus
frequency, correspond to various locations within the buildings and are identified with respect to
the points noted on the mathematical model for each direction of vibration to be considered.
This may include the vertical as well as both the north-south and the east-west horizontal
directions. In addition, each response spectrum curve corresponds to a particular damping ratio,
i.e., the ratio of damping of the single degree of freedom oscillators to critical damping. See
Section 3.7 for the appropriate response spectrum curves.

Load Combinations and Allowable Stress Limits

Seismic Category | equipment has been designed to withstand the more severe of the following
load combinations:

a) OBE Conditions
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Gravity loads and operating loads (or Design Basis Accident loads, if applicable)
including associated temperature and pressures combined by absolute sums with the
dynamic seismic loading of the OBE. Allowable stresses in the structural steel portions
may be increased to 125 percent of the allowable working stress limits as set forth in
ASME Boiler and Pressure Vessel Code Section lll, or other applicable industrial codes.
The customary increase in normal allowable working stress due to an earthquake shall
be used if, according to the appropriate code, it is less than 25 percent. Resulting
deflections, misalignment or binding of parts, or effects on electrical performance
(microphones, contact bounce, etc.) do not prevent operation of the equipment during or
after the seismic disturbance.

b) SSE Conditions

Gravity loads and operating loads (or Design Basis Accident loads, if applicable),
including associated temperatures and pressures combined by absolute sums with the
dynamic seismic loading of the SSE. Allowable stresses in the structural portions may
be increased to 150 percent of allowable working stress limits in accordance with the
appropriate codes listed in (a); however, the stresses may not exceed 0.9 Fy in bending,
0.85 Fy for axial tension, and 0.5 Fy in shear, where Fy equals the material minimum
yield stress at the design temperature. For equipment designed by the maximum shear
stress theory, the difference between the maximum and minimum principal stresses will
not exceed 0.9 Fy. The resulting deflections, misalignment, or binding of parts, or
effects on electrical performance (microphones, contact bounce, etc.) will not prevent
operation of the equipment during or after the seismic disturbance.

Prevention of Overturning and Sliding

Stationary equipment is designed to prevent overturning or sliding by using anchor bolts or other
suitable mechanical anchoring devices. The effect of friction on the ability to resist sliding is
neglected. The effect of upward vertical seismic loads on reducing overturning resistance is
considered. Anchoring devices are designed in accordance with the requirements of ltems

a) and b) and the AISC Manual of Steel Construction. The proposed anchoring system is
shown on the Seller's drawings so that the Buyer can provide the proper foundation.

Dynamic Testing

Seismic adequacy was established for the rupture discs by dynamically testing them to meet the
criteria defined under a and b above. Actual testing of equipment was done with base
connections simulating the actual installation in accordance with one of the following methods:

a) The equipment was subjected to an input excitation such that the measured response
was equal to or greater than the specified design response.

b) The equipment was subjected to an input excitation whose response spectrum equaled
or exceeded the specified response spectrum for that location.

Criteria for the Diesel Fuel Qil Storage Tanks

These tanks are buried below grade under a cover of 16 ft (8 ft for diesel 'E' fuel tank) of earth.
Equivalent fluid pressure of soil is 110 Ib/ft3 (100 Ib/ft® for diesel 'E' fuel tank).
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Tanks and tank supports are designed to withstand an H-20 loading, according to AASHTO,
applied above 16 ft (8 ft for diesel 'E' fuel tank) of saturated overburden. The H-20 loading acts
simultaneously with normal fluid pressure. Tank walls and ends will not deflect more than 3
percent maximum under the most unfavorable loading conditions.

The diesel fuel oil storage tanks are designed, fabricated, tested, and stamped in accordance
with the ASME Code, Section lll, Class 3. The tanks, including vents and openings, are
designed as underground atmospheric tanks in accordance with OSHA Section 1910.106.

Tanks and their supports are designated Seismic Category |, and are designed to resist the
increased earth pressure from the OBE and the SSE. For the OBE, the lateral earth pressure is
90 psf (180 psf for diesel 'E' fuel tank), for the SSE, 180 psf (330 psf for diesel 'E' fuel tank).
When combined with other normal operating conditions, the stresses are limited to 125 percent
of the ASME Code, Section Ill allowable stresses for the OBE condition, and are limited to 90
percent of the material's yield stress for the SSE condition.

Tanks are designed to withstand external pressure resulting from being buried in ground having
a water table surface at ground level when the tanks are empty. Hydraulic uplift forces on buried
tanks are resisted by the weight of the empty tank and the foundation mat plus 16 ft (8 ft for
diesel 'E' fuel tank) of saturated overburden.

3.9.2.3 Dynamic Response of Reactor Internals under Operational Flow Transients and
Steady State Conditions

The major reactor internal components within the vessel are subjected to extensive testing.

In addition, dynamic system analyses are conducted to describe and evaluate the flow-induced
vibration phenomena resulting from normal reactor operation and from anticipated operational
transients.

In general, the vibration forcing functions for operational flow transients and steady state
conditions are not predetermined by detailed analysis. Special analysis of the response signals
measured from reactor internals of many similar designs are performed to obtain the
parameters which determine the amplitude and modal contributions in the vibration responses.
These studies are useful for extrapolating the results from tests to components of similar design.
This vibration prediction method is appropriate where standard hydrodynamic theory cannot be
applied due to complexity of the structure and flow conditions. Elements of the vibration
prediction method are outlined as follows:

1) Dynamic analysis of major components and subassemblies is performed to identify
natural vibration modes and frequencies. The analysis models used for Seismic
Category 1 structures are similar to those outlined in subsection 3.7.2.

2) Data from previous plant vibration measurements is assembled and examined to identify
predominant vibration response modes of major components. In general, response
modes are similar but response amplitudes vary among BWRs of differing size and
design.
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3) Parameters are identified which are expected to influence vibration response amplitudes
among the several reference plants. These include hydraulic parameters such as
velocity and steam flow rates, and structural parameters such as natural frequency and
significant dimensions.

4) Correlation functions of the variable parameters are developed which, multiplied by
response amplitudes, tend to minimize the statistical variability between plants. A
correlation function is obtained for each major component and response mode.

5) Predicted vibration amplitudes for components of the prototype plant are obtained from
these correlation functions, based on applicable values of the parameters for the
prototype plant. The predicted amplitude for each dominant response mode is stated in
terms of a range, taking into account the degree of statistical variability in each of the
correlations. The predicted mode and frequency are obtained from the dynamic
analyses of paragraph 1 above.

The dynamic modal analysis also forms the basis for interpretation of the prototype plant
preoperational and initial startup test results (Subsection 3.9.2.4). Modal stresses are calculated
and relationships are obtained between sensor response amplitudes and peak component

3.9.2.4 Confirmatory Flow-Induced Vibration Testing of Reactor Internals

Reactor internals were tested in accordance with provisions of Regulatory Guide 1.20, Revision
2, for Non-prototype Category | plants. The test procedure required operation of the
recirculation system at rated flow with internals important to safety installed. Inspection for
evidence of vibration, wear, or loose parts followed. Blade guides, incore instruments, neutron
sources, dryer and fuel were not installed. Control rods were either not installed or fully
withdrawn and prevented from inserting. The test duration was sufficient to subject critical
components to at least 10° cycles of vibration during two-loop and single-loop operation of the
recirculation system. At the completion of the flow test, the vessel head and shroud head were
removed, the vessel was drained and major components will be inspected on a selected basis.
The inspection covered all components which were examined on the prototype design, including
the shroud, shroud head, core support structures, jet pumps, peripheral control rod drive guide
tubes and peripheral in-core guide tubes. Access will be provided to the reactor lower plenum.

Reactor internals for Susquehanna are substantially the same as the internals design
configurations that have been tested in prototype BWR/4 plants. Results of the prototype tests
are presented in a Licensing Topical Report (Ref. 3.9-7). This report also contains additional
information on the confirmatory inspection program.

A labyrinth seal, consisting of five circumferential grooves on each jet pump mixer at the slip
joint interface with the jet pump diffuser collar, reduces leakage at the slip joint. Tests
performed by General Electric Company (Reference 3.9-10) demonstrated that the labyrinth
seals reduce leakage through the slip joints. However, PPL no longer credits the labyrinth seals
with this function. Each jet pump is equipped with a slip joint clamp to reduce jet pump
vibration.

3.9.2.5 Dynamic System Analysis of the Reactor Internals Under Faulted Conditions

In order to assure that no significant dynamic amplification of load occurs as a result of the
oscillatory nature of the blowdown forces, a comparison was made of the periods of the applied
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forces and the natural periods of the core support structures being acted upon by the applied
forces. These periods were determined from a 12-node vertical dynamic model of the RPV and
internals. Besides the real masses of the RPV and core support structures, account was made
for the water inside the RPV.

The time-varying pressures are applied to the dynamic model of the reactor internals described
above. Except for the dynamic model and the nature and locations of the forcing functions, the
dynamic analysis method is identical to that described for seismic analysis and is detailed in
Subsection 3.7.2.1.

Dynamic loads are combined by SRSS. The results are then combined with other static and
steady state loads on an ABS basis to confirm the adequacy of design loads. The results of the
dynamic analysis are summarized in Tables 3.9-2, 3.9-2b, 3.9-2w, and 3.9-2aa.

3.9.26 Correlations of Reactor Internals Vibration Test Results with the Analytical Results

Prior to initiation of the instrumented vibration test program for the prototype plant, extensive
dynamic analyses of the reactor and internals are performed. The results of these analyses are
used to generate the allowable vibration levels during the vibration test. The vibration data
obtained during the test are analyzed in detail. The results of the data analysis, vibration
amplitudes, natural frequencies and mode shapes, are then compared to those obtained from
the theoretical analysis.

Such comparisons provide the analysts with added insight into the dynamic behavior of the
reactor internals. The additional knowledge gained is utilized in the generation of the dynamic
models for seismic and LOCA analyses for this plant. The models used for this plant are the
same as those used for the vibration analysis of the prototype plant.

The vibration test data are supplemented by data from forced oscillation tests of reactor internal
components to provide the analysis with additional information concerning the dynamic behavior
of the reactor internals.

3.9.3 ASME CODE CLASS 1, 2, AND 3 COMPONENTS, COMPONENT SUPPORTS, AND
CORE SUPPORT STRUCTURES

3.9.3.1 Loading Combinations, Design Transients, and Stress Limits

This section delineates the criteria for selection and definition of design limits and loading
combinations associated with normal operation, postulated accidents, and specified seismic
and hydrodynamic events for the design of safety-related ASME code components (except
containment components, which are discussed in Section 3.8.)

This section also lists the major ASME Class 1, 2, and 3 equipment and associated pressure
retaining parts on a component by component basis and identifies the applicable loadings,
calculation methods, calculated stresses, and allowable stresses. Design transients for ASME
Class 2 equipment are not addressed in this section. They are covered in Subsection 3.9.1.1.
Seismic and hydrodynamic related loads are discussed in Subsections 3.9.2.2a, 3.9.2.2b and
Section 3.7.

Table 3.9-2 is the major part of this section; it presents the loading combination, analytical
methods (by reference or example) and also the calculated stress or other design values for the

FSAR Rev. 68 3.9-38



SSES-FSAR
Text Rev. 72

most critical areas of the ASME Code Class 1, 2 and 3 components, supports, and core support
structures. These design values are also compared to applicable code allowables.

3.9.3.1.1 Plant Conditions

All events that the plant might credibly experience during a reactor year are evaluated to
establish a design basis for plant equipment. These events are divided into four plant
conditions. The plant conditions described in the following paragraphs are based on event
probability (i.e., frequency of occurrence) and correlated design conditions defined in the ASME
Boiler and Pressure Vessel Code, Section IlI.

3.9.3.1.1.1 Normal Condition

Normal conditions are any conditions in the course of System startup, operation in the design
power range, normal hot standby (with main condenser available), and System shutdown other
than Upset, Emergency, Faulted, or Testing.

3.9.3.1.1.2 Upset Condition

Any deviations from Normal Conditions anticipated to occur often enough that design should
include a capability to withstand the conditions without operational impairment. The Upset
Conditions include those transients which result from any single operator error or control
malfunction, transients caused by a fault in a system component requiring its isolation from the
system, and transients due to loss of load or power, or an operating basis earthquake. Hot
standby with the main condenser isolated is an Upset Condition.

3.9.3.1.1.3 Emergency Condition

Those deviations from Normal Conditions which require shutdown for correction of the
conditions or repair of damage in the RCPB. The conditions have a low probability of
occurrence but are included to provide assurance that no gross loss of structural integrity will
result as a concomitant effect of any damage developed in the system. Emergency condition
events include, but are not limited to, transients caused by one of the following: a multiple valve
blowdown of the reactor vessel; loss of reactor coolant from a small break or crack which does
not depressurize the reactor system nor result in leakage beyond normal makeup system
capacity, but which requires the safety functions of isolation of containment, and reactor
shutdown; improper assembly of the core during refueling; and seizure of one recirculation

pump.
3.9.3.1.1.4 Faulted Condition

Those combinations of conditions associated with extremely low probability, postulated events
whose consequences are such that the integrity and operability of the system may be impaired
to the extent that considerations of public health and safety are involved. Faulted conditions
encompass events that are postulated because their consequences would include the potential
for the release of significant amounts of radioactive material. These postulated events are the
most drastic that must be designed against and thus represent limiting design bases. Faulted
condition events include, but are not limited to, one of the following: a control rod drop accident,
a fuel-handling accident, a main steam line break, a recirculation loop break, the combination of
any pipe break plus the seismic motion associated with SSE and hydrodynamic loading plus a
loss of offsite power, or the safe shutdown earthquake.
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3.9.3.1.1.5 Correlation of Plant Conditions with Event Probability

The probability of an event occurring per reactor year associated with the plant conditions is
listed below. This correlation can be used to identify the appropriate plant condition for any
hypothesized event or sequence of events.

Event Encountered
Probability per

Plant Conditions Reactor Year
Normal (planned) 1.0

Upset (moderate probability) 1.0 > p> 10-2
Emergency (low probability) 10-2> p> 10-4
Faulted (extremely low probability) 10-4> p> 10-6

3.9.3.1.1.6 Safety Class Functional Criteria

For any normal or upset design condition event, Safety Class 1, 2, and 3 equipment shall be
capable of accomplishing its safety functions as required by the event and shall incur no
permanent changes that could impair its ability to accomplish its safety functions as required by
any subsequent design condition event.

For any emergency or faulted design condition event, Safety Class 1, 2, and 3 equipment shall
be capable of accomplishing its safety functions as required by the event but repairs could be
required to ensure its ability to accomplish its safety functions as required by any subsequent
design condition event.

Functional capability of safety-related essential piping components will be assured using the
criteria given in Enclosure 110-1 to NRC questions and the Rodabaugh criteria.

3.9.3.1.1.7 Compliance with Requlatory Guide 1.48

Regulatory Guide 1.48 was issued after the design of this plant was established. Compliance
with this Regulatory Guide is addressed in Section 3.13.

3.9.3.1.2 Reactor Vessel Assembly

The reactor vessel assembly consists of the reactor pressure vessel support skirt, shroud
support and shroud plate.

The reactor pressure vessel, vessel support skirt, and shroud support are constructed in
accordance with Section IIl of the ASME Code. The shroud support consists of the shroud
support plate and the shroud support cylinder and its legs. The reactor pressure vessel is an
ASME Code Class | component. Complete stress reports on these components have been
prepared in accordance with ASME requirements. Table 3.9-2a provides a summary of the
stress criteria, load combinations, calculated and allowable stresses. The stress analysis
performed for the reactor vessel assembly, including the faulted condition, were completed
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using elastic methods. The stress Load combinations and stress analyses for the core support
structures and other reactor internals are discussed in Subsection 3.9.5.

3.9.3.1.3 Main Steam Piping

The main steam piping discussed in this paragraph includes that piping extending from the
reactor pressure vessel to the outboard main steam isolation valve. This piping is designed in
accordance with the ASME Boiler and Pressure Vessel Code, Section Ill, Subsection NB-3600.
The load combinations and stress criteria for the main steam piping and pipe-mounted
equipment are shown in Table 3.9-2d.

The rules contained in Appendix F of ASME Code Section Il will be used in evaluating faulted
loading conditions independently of all other design and operating conditions. Stresses
calculated on an elastic basis will be evaluated in accordance with F-1360.

3.9.3.1.4 Recirculation Loop Piping

This piping is designed in accordance with the ASME for the recirculation piping and pipe-
mounted equipment Code Section Ill, Subsection NB-3600. The load combinations and
allowables are shown in Table 3.9-2e. The rules contained in Appendix F of ASME Code
Section Il are used in evaluating faulted loading conditions, independently of all other design
and operating conditions. Stresses calculated on an elastic basis are evaluated in accordance
with F-1360.

3.9.3.1.5 Recirculation System Valves

The recirculation system valves are designed in accordance with the ASME Code, Section I,
Class |, Subsection NB-3500. The discharge gate valves are required to close for LPCI flow
injection. Loading combinations and other stress analysis information are presented in Table
3.9-2()).

3.9.3.1.6 Recirculation Pump

In the design of the recirculation pumps, the ASME Code, Section VIII, Division 1, 1971 Edition
with latest addenda was used as a guide in calculations made for determining the thickness of
pressure-retaining parts, and in sizing the pressure-retaining bolting.

The pump vendor made calculations for the design of the pressure-containing components to
include the determination of minimum wall thickness, allowable stress and pressures. The
design calculations are shown in Table 3.9-2i.

Load, shear, and moment diagrams were constructed to scale, using live loads, dead loads, and
calculated snubber reactions. Combined bending, tension and shear stresses were determined
for each major component of the assembly, including the pump driver mount, motor flange
bolting, and pump case.

Replacement pump cover gaskets have been upgraded by the pump Original Equipment
Manufacturer (OEM) to eliminate the use of asbestos and to improve reliability. The
replacement pump cover gaskets require a higher bolt preload than the original gaskets. The
OEM prepared a Gasket Upgrade Design Report that concludes the pump subcomponents are
acceptable and meet the ASME Code requirements.
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The maximum combined tensile stress in the cover bolting was calculated using tensile stress
from design pressure.

Combined primary stresses did not exceed 150 percent of the code allowable stress shown in
Section VIII of the ASME Code, 1971 Edition.

These methods and calculations demonstrate that the pump will maintain pressure integrity at
all times.

3.9.3.1.7 Standby Liquid Control (SLC) Tank

The SLC tank is designed in accordance with the ASME Code, Section Ill. A summary of the
design calculations and stress criteria used are shown in Table 3.9-2m.

3.9.3.1.8 Residual Heat Removal Heat Exchangers

The RHR heat exchanger is designed in accordance with the ASME B&PV Code, Section lll.
The loading combinations considered and other stress analysis are presented in Table 3.9-20.

3.9.3.1.9 RCIC Turbine

Although not under the jurisdiction of the ASME Code, the RCIC turbine has been designed and
fabricated following the basic guidelines for an ASME Code Section lll, Class 2 component.

The RCIC Turbine is surveillance tested according to current Technical Specifications.

Design conditions for the RCIC turbine include:

a) Auto Quick start per Technical Specification surveillance requirements.
b) Turbine Inlet - 1250 psig at saturated temperature
c) Turbine Exhaust - 165 psig at saturated temperature

Table 3.9-9 contains a summary of the RCIC turbine components calculated and allowable
loads.

3.9.3.1.10 RCIC Pump

The RCIC pump has been designed and fabricated to the requirements for an ASME Code
Section Il Class 2 component.

The RCIC pump is surveillance tested in conjunction with the RCIC turbine. Surveillance testing
is performed according to current Technical Specification surveillance requirements. Design
conditions for the RCIC pump include:

a) Maximum NPSHR - 21.3 feet
b) Total head, maximum  High speed 3060 feet
Low speed 525 feet
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c) Constant flow rate: 625 gpm
d) Normal ambient operating temperature - 60°F to 100°F
e) Normal/Upset conditions which control the pump design include:
Design pressure - 1500 psig
Design temperature - 40°F - 140°F
Seismic loads - 2/3 of SSE

Table 3.9-2r contains a summary of the design calculation for the RCIC pump components.

3.9.3.1.11 ECCS Pumps

The RHR, CS and HPCI pumps are designed in accordance with the ASME Code, Section lll.
The stress criteria and calculated and allowable stresses are summarized in Table 3.9-2n.

Design condition for RHR and core spray pumps are as follows:

_RHR CORE SPRAY
Design pressure
Suction 220 psig 125 psig
Discharge 500 psig 500 psig
Design Temperature 40-360°F 40-212°F

3.9.3.1.12 Standby Liquid Control Pump

The standby liquid control pump has been designed and fabricated to the 1968 P&V Code for
Class 2 component.

The SLC pumps and motors are functionally tested by pumping demineralized water through a
closed test loop. The SLC pumps are capable of injecting the net contents of the storage tank
into the reactor in less than an hour. The pumps are capable of injecting flow into the reactor
against pressure up to the second lowest spring set pressure (1195) of the reactor safety relief
valves.

Design conditions for the SLC pump include:

a) Flow rate 43 gpm
b) Maximum operating discharge pressure 1250 psig
c) Ambient conditions:
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Temperature 70°F - 120°F
Relative Humidity 20% - 95%

d) Normal/upset conditions which control the pump
design include:
Design pressure 1500 psig
Design temperature 150°F
Seismic Loads 2/3 of SSE
Stress limits for the pressure boundary are the ASME Code allowable stress
(1.0S) for general membrane

e) Faulted or emergency conditions include:
Design pressure 1500 psig
Design temperature 150°F
Safe shutdown earthquake Horizontal 1.5g

Vertical 0.14g

A summary of the design calculations for the SLC pump components is contained in Table 3.9-
2l.

3.9.3.1.13 Main Steam Isolation Valves and Safety/Relief Valves

The main steam isolation and safety relief valves are designed in accordance with the
requirements of the ASME Code Section Ill, Subsection NB-3500 for Class 1 components.

Load combination, analytical methods, calculated stresses, and allowable limits are shown in
Table 3.9-2g and 3.9-2(h), respectively.

3.9.3.1.14 Safety Relief Valve Piping

See Subsection 3.9.3.1.19.

3.9.3.1.15 High Pressure Coolant Injection (HPCI) Turbine

Although not under the jurisdiction of the ASME Code, the HPCI turbine has been designed and
fabricated to the basic guidelines for an ASME Code Section Ill as a Class 2 component.

Surveillance testing is performed according to current Technical Specification surveillance
requirements.

Design conditions for the HPCI turbine include:

a) Auto-Startup -- 30 cycles per year with reactor pressure at 1150 psig peak and saturated
temperature, turbine exhaust pressure at 50 psig peak and saturated temperature.
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Turbine Inlet - 1250 psig at saturated temperature.
Turbine Exhaust - 200 psig at saturated temperature
Upset conditions, which control the turbine design include:
Design pressure

Design temperature

Operating basis earthquake

Inlet and exhaust piping nozzle loads

Stress limits for pressure boundary are ASME Code allowable stress (1.0S) for general
membrane and 1.5S for bending (local membrane).
Faulted, or emergency conditions include:

Design pressure

Design temperature

Safe shutdown earthquake

Inlet and exhaust piping nozzle loads

Stress limits for pressure boundary are 120% of ASME Code Section Il allowable stress
(1.2S) for general membrane and 1.8S for bending (local membrane).

Nozzle loading definition includes:

Upset - Inlet F = (20,000 - M)/2.5,
but < 5,000 Ibs.

- Exhaust F = (20,000 - M)/0.8,

but < 11,500 Ibs.

Faulted (or - Emergency) Inlet F = (30,000 - M)/2.5,
but < 7,500 Ibs.

Exhaust F = (30,000 - M)/0.8,

but < 17,250 lbs.

Where F (Ibs) and M (ft-Ib) are the resultant force and moment on the respective nozzle.

A summary of the design calculations for the HPCI turbine components are shown in Table
3.9-2(ae).
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3.9.3.1.16 High Pressure Coolant Injection (HPCI) Pump

The HPCI pump has been designed and fabricated to the requirements for an ASME Code
Section Ill Class 2 component.

The HPCI pump is surveillance tested in conjunction with the HPCI turbine. The HPCI pump is
surveillance tested according to the current Technical Specification surveillance requirements.
The HPCI pump takes condensate from the above-ground storage tank and at design flow
discharges condensate back to the above-ground storage tank via a closed test loop.

Design conditions for HPCI pump include:

a) Total head , maximum- High speed: 3060 feet
Low speed: 525 feet

b) Constant flow rate - 5000 gpm

c) Normal ambient operating temperature - 60°F to 100°F
d) Normal plus Upset conditions which control the pump design include:
Design pressure - 1500 psig
Design temperature - 40°F - 140°F
Seismic Loads - 2/3 of SSE
Suction nozzle loads - F=19401b
M = 2460 ft-lbs
Discharge nozzle loads - F =37151bs
M = 4330 ft-lbs

Stress limits for pressure boundary are ASME Code allowable stress (1.0S) for general
membrane and 1.5S for bending (local membrane).

e) Faulted, or Emergency conditions include:

Design pressure
Design temperature

Safe shutdown earthquake

1500 psig
40°F - 140°F

Horizontal - 1.50g
Vertical - 0.14g

Stress limits for pressure boundary are 120% of ASME Code allowable stress (1.2S) for
general membrane and 1.8S for bending (local membrane).

f) Nozzle loading
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Pump nozzles are subject to loading from the connecting pipe. The method of analysis
shows the maximum resultant moment is due to pipe reaction. The maximum resultant
force shall not exceed the allowable. Allowable nozzle forces and moments are
expressed as:

Normal plus Upset

Suction - F =33,000-0.79M

Discharge - F =32,000-1.54M
Emergency:

Suction - F =43,000-0.74M

Discharge -F =47,000-1.23M

The calculated stress values are compared to allowable stresses for critical components in
Table 3.9-2t.

3.9.3.1.17 Reactor Water Cleanup (RWCU) System

The RWCU pump and heat exchangers are not part of a safety system and are not designed to
Seismic Category | requirements.

However, the requirements for ASME Code Section lll, Class 3 components are used as
guidelines in evaluating the RWCU system components.

The design loading combinations and limits for the pump include the following:

a) Normal plus upset loads: This includes the simultaneous effect of normal operating
loads, design pressure, temperature, nozzle loads from connected piping, dead weight
loads, seismic loads, plus torsional loads due to rotating parts.

b) Seismic loading: This equipment and supports are designed to withstand the static
seismic forces applied at the mass center, assuming that the pump is flooded.

c) Stresses in the supports and the anchor bolts due to seismic loads are combined with
the stresses due to other live and dead loads and operating loads. The allowable stress
for this combination of loads is based on the allowable stress as set forth in the ASME
Code Section lll.

d) Equipment operates between 70°F and 532.3°F. Transient analysis is not required for
Class lll components in this temperature range.

Tables 3.9-2(p) and 3.9-2(c) show the calculated stress values and allowable stress limits for
the pump and heat exchangers, respectively.
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3.9.3.1.18 This Section Has Been Intentionally Deleted

3.9.3.1.19 ASME Code Constructed Items Not Furnished with the NSSS

The design loading combinations categorized with respect to plant operating conditions
identified as normal, upset, emergency, and faulted for ASME code constructed items are
presented in Table 3.9-6.

The method of combining the peak loads on components and supports resulting from different
dynamic events was addressed by the Mark Il Owners Subgroup on SRSS. The generic
resolution has been reviewed and applies to Susquehanna SES.

The design criteria and stress limits associated with each of the plant operating conditions for
each type of ASME code constructed item are presented in Tables 3.9-7, 3.9-8, 3.9-9, 3.9-10,
3.9-11 and 3.9-12.

The component operating condition will be the same as the plant operating condition, except for
active pumps or valves for which, the emergency or faulted plant condition is considered a
normal operating condition.

3.9.3.2a NSSS Pump and Valve Operability Assurance

The active NSSS pumps and valves are listed in Table 3.9-3.

Active mechanical equipment classified as Seismic Category | are designed to perform their
function during the life of the plant under postulated plant conditions. Equipment with faulted
condition functional requirements include "active" (active equipment must perform a mechanical
motion during the course of accomplishing a safety function) pumps and valves in fluid systems
such as the emergency core cooling system. Operability is assured by satisfying the
requirements of the following programs. Safety-related valves are qualified by prototype testing
and analysis satisfying stress and deformation criteria at all critical locations and safety-related
active pumps by analysis with suitable stress limits and nozzle loads. The content of these
programs is detailed below.

3.9.3.2a.1 ECCS Pumps

All active pumps are qualified for operability by first being subjected to rigid tests before
installation in the plant. The in-shop tests include (1) hydrostatic tests of pressure-retaining
parts to 125% of the design pressure times the ratio of material allowable stress at room
temperature to the allowable stress value at the design temperature, (2) seal leakage tests, (3)
performance tests, while the pump is operated with flow, to determine total developed head,
minimum and maximum head, Net Positive Suction Head (NPSH) requirements and other
pump/motor parameters. Also monitored during these operating tests are bearing temperatures
(except water cooled bearings) and vibration levels. Both are shown to be below specified
limits. After the pump is installed in the plant, it undergoes the cold hydro tests, functional tests,
and the required periodic in-service inspection and operation. These tests demonstrate
reliability of the pump for the design life of the plant.

In addition to these tests, the safety-related active pumps are analyzed for operability during a

faulted condition by assuring that (1) the pump will not be damaged during the seismic and
hydrodynamic event, and (2) the pump will continue operating despite the faulted loads.
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3.9.3.2a.1.1  Analysis of Loading, Stress, and Acceleration Conditions

In order to avoid damage during the faulted plant condition, the stresses caused by the
combination of normal operating loads, SSE, and dynamic system loads are limited to the
material elastic limit, as indicated in Table 3.9-2. A three-dimensional finite element model of
the pump/motor and its supports is developed using the response spectrum method of dynamic
analysis. The same model is analyzed for static nozzle loads, pump thrust loads, and
deadweight. Critical location stresses are evaluated and compared with the allowable criteria.
The average membrane stress o) for the faulted conditions loads are maintained at 1.2S, or
approximately 0.75 oy(oy - yield stress), and the maximum stress in local fibers (om + bending
stress 0) is limited to 1.8S, or approximately 1.1 o,. The maximum dynamic nozzle loads are
considered in an analysis of the pump supports to assure that a system misalignment cannot
occur.

Performing these analyses with the conservative loads stated and with the restrictive stress
limits of Table 3.9-2 as allowables, will assure that critical parts of the pump will not be damaged
during the faulted condition; therefore, the reliability of the pump for post-faulted condition
operation will not be impaired by the seismic and hydrodynamic events.

A dynamic analysis is made to determine the seismic load from the applicable floor response
spectra. Analysis is made to check that faulted condition nozzle loads and dynamic
accelerations will not impair the operability of the pumps during or following the faulted
condition. Components of the pump, when having a natural frequency above 33 Hz, are
considered essentially rigid. This frequency is considered sufficiently high to avoid problems
with amplification between the component and structure for all seismic areas.

If the natural frequency is found to be below 33 Hz, an analysis is performed to determine the
amplified input accelerations necessary to perform the static analysis. The adjusted
accelerations will be determined using the same conservatisms contained in the horizontal and
vertical accelerations used for "rigid" structures. The static analysis is performed using the
adjusted accelerations; the stress limits stated in Table-3.9-2 must still be satisfied.

3.9.3.2a.1.2 Pump Operation During and Following Faulted Condition Loading

Active pump/motor rotor combinations are designed to rotate at a constant speed under all
design conditions. Motors are designed to withstand short periods of severe overload. The
high rotary inertia in the operating pump rotor, and the nature of the random, short duration
loading characteristics of the seismic and hydrodynamic event, will prevent the rotor from
becoming seized. In actuality, the dynamic loadings will cause only a slight increase, if any, in
the torque (i.e., motor current) necessary to drive the pump at the constant design speed.
Therefore the pump will not shutdown during the faulted event and will operate at the design
speed despite the faulted loads.

The functional ability of the active pumps after a faulted condition is assured since only normal
operating loads and steady state nozzle loads exist. For the active pumps, the faulted condition
is more severe than the normal condition only due to seismic and hydrodynamic loads on the
equipment itself and the increase in nozzle loads due to the SSE on the connecting pipe. The
SSE event is infrequent and of relatively short duration compared to the design life of the
equipment. Since it is demonstrated that the pumps would not be damaged during the faulted
condition, the post-faulted condition operating loads will be no worse then the normal plant
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operating limits. This is assured by requiring that the imposed nozzle loads (steady-state loads)
for normal conditions and post-faulted conditions be limited by the magnitudes of the normal
condition nozzle loads. The post-faulted condition ability of the pumps to function under these
applied loads is proven during the normal operating plant conditions for active pumps.

3.9.3.2a.2 SLC Pump and Motor Assembly and RCIC Pump Assembly

These equipment assemblies are small, compact, rigid assemblies, with natural frequencies well
above 33 Hz. With this fact verified, each equipment assembly is qualified by static analysis
only. This static qualification verifies operability under seismic and hydrodynamic conditions,
and assures structural loading stresses within Code limitations.

3.9.3.2a.3 RCIC Turbine

Analysis and testing done on the RCIC turbine is covered by Subsections 3.9.2.2, 3.9.3.1, and
Table 3.9-2q.

3.9.3.2a.4 ECCS Motors

Qualification of the Class 1E motors used for the ECCS motors is in compliance with IEEE
Standard 323-1971 or 1974. The qualification of motors of all sizes is based on completion of a
type test, followed up with review and comparison of design and material details and seismic
analysis of production units, ranging from 500 to 3500 Bhp. The motor is used in the type test.
All manufacturing, inspection, and routine tests performed by motor manufacturers on
production units are performed on the test motor.

The type test has been performed on a 1250 HP vertical motor in accordance with IEEE
Standard 323-1971. Normal operation during the design life is first simulated, then the motor is
subjected to a number of seismic events. Then the abnormal environmental condition possible
during and after a loss of coolant accident (LOCA) is simulated. The test plan for the type test
was as follows:

a) Thermal aging of the motor electrical insulation system (which is a part of the stator only)
was based on IEEE Standard 275-1966. The amount of aging equaled the total
estimated operating days at maximum insulation surface temperature.

b) Radiation aging of the motor electrical insulation equals the maximum estimated
integrated dose of gamma radiation during normal and abnormal conditions.

c) The normal operating inducted vibration effect on the insulation system has been
simulated by 1.5g horizontal vibration acceleration of 60 Hz current frequency for one
hour duration.

d) Motor bearings are selected and their operating life is established based on bearing
manufacturer's test and operating data using the loads calculated to act on the bearing.

e) The dynamic load deflection analysis on the rotor shaft, performed to ensure adequate

rotation clearance, has been verified by static loading and deflection of the rotor for the
type-test motor.
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f) Dynamic load aging and testing has been performed on a biaxial test table in
accordance with IEEE 344-1975. During this type test the shake table was activated
simulating the maximum design limit of the safe shutdown earthquake and
hydrodynamic loads with motor starts and operation combination as may possibly occur
during a plant life.

9) An environmental test simulating a LOCA condition with 100 days duration time has
been performed with the test motor fully loaded to simulate pump operation. The test
consisted of startup and six hours operation at 212°F ambient temperature and 100%
steam environment. Another startup and operation of the test motor after one hour
stand-still in the same environment was followed by sufficient operation at high humidity
and temperature. The operation was based on the temperature-life characteristic curve
from IEEE 275-1966 for the insulation type used on the ECCS motors.

3.9.3.2a.5 NSSS Valves

The Class 1 Active Valves are the Main Steam Isolation Valves, Safety/Relief Valves,
Recirculation Discharge and Bypass Gate Valves, Standby Liquid Control Valves and Control
Rod Drive Scram Discharge Volume Vent and Drain Valves. Each of these valves is
dynamically qualified for operability in a manner unique to its design. Therefore, each method
of qualification is detailed individually below.

3.9.3.2a.5.1 Main Steam Isolation Valve

The MSIV's are evaluated for operability during dynamic acceleration by both analysis and test.
This analysis for MSIV operability is completed in two separate ways. First the valve body is
designed in accordance with the ASME Code Section Il Class 1 which limits deformation to be
within the elastic limit of the material by limiting pressure and pipe reaction input loads (including
seismic and hydrodynamic loads). This assures only small deformation in the operating area of
the valve body, hence, there is no interference with valve operability.

A static deflection test was conducted on a MSIV of similar design to assure operability under
maximum deformation from seismic loading. A maximum static load equivalent to 8 g's applied
perpendicular to the actuator axis centerline resulted in no significant change in valve closure
rate and no change in measured seat leakage following termination of the load.

To assure that design limits are not exceeded for both piping input loads and actuator dynamic
loads, the MSIV is mathematically modeled in the Main Steam Line System Analysis. The valve
input loads, amplified accelerations, and resonance frequencies are determined based on site
excitation input to the system for MSIV as a part of the overall steamline analysis. Pipe anchors
and restraints are applied as required to limit pipe system resonance frequencies and amplified
accelerations to within acceptable limits for the MSIV's. Additional details on the analysis of
these valves is shown on Table 3.9-2(h).

The main steam isolation valve operability during LOCA conditions was demonstrated as

defined in the report APED-5750 (March 1969). The test specimen was a 20" valve of a design
representative of the MSIV's.
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3.9.3.2a.5.2 Main Steam Safety/Relief Valves

The safety/relief valves are qualified for operability during seismic and hydrodynamic events by
both design and test.

The valve is designed for the largest moments that can occur in service. These are 400,000 in-
Ibs and 300,000 in-lbs at the inlet and outlet, respectively. These moments are resultants due
to dead weight plus dynamic seismic effects of 3 g's horizontal and 1 g vertical of both valve and
connecting pipe, thermal expansion of the connecting pipe, and reaction forces from valve
discharge. A production S/R valve demonstrated operability while being dynamically (shake
table) tested at loads greater than equipment design limit loads.

A mathematical model of this valve is included in the main steam line system analysis. This
analysis assures the design limits are not exceeded.

The safety relief valves are generically qualified by testing for seismic and hydrodynamic loads.
The natural frequencies are determined to be greater than 33 Hz for seismic and 60 Hz for
hydrodynamic loads.

Additional details on the analysis of these valves are shown in Table 3.9-2g.

3.9.3.2a.5.3 Recirculation (Discharge and Bypass) Gate Valves

Recirculation discharge and bypass gate valves are evaluated for operability during seismic
and hydrodynamic events by both analysis and test.

Motor operators were generically qualified to IEEE 382-1980 which requires a dynamic test
to verify the absence of any natural frequencies below 33 Hz and then a demonstration of
operability during dynamic testing. The operators have been qualified to acceleration levels
of 10 g from 2 Hz to 100 Hz.

The valve are designed in accordance with the ASME Code, Section Ill Class 1 design rules.
The discharge valves are designed to seismic accelerations of 9.8 g’s horizontal and 2.188 g’s
vertical including gravity. Both valves’ extended structures were analyzed to show that they
could withstand both compressive stresses and bending stresses imposed by the seismic
accelerations. The valve fundamental frequencies were determined by frequency analysis to
be less than the seismic cut-off frequency of 33 Hz. This required dynamic analysis considering
multinode response. However, since the valves are pipe-mounted and the required response
spectra at the valve location were not available, it was necessary to perform a dynamic analysis
on the entire piping system. A simple lumped-mass model of the valve and its actuator was
developed based on the valve fundamental frequency, and was used to represent the valve
dynamic characteristics in the piping analysis.

Dynamic piping analysis indicated that the loads imposed on these valves are less than the

design allowable loads. Additional details on analysis of the discharge valves are shown in
Table 3.9-2()).
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3.9.3.2a.5.4 Explosive Valves

The SLC explosive valve has been qualified to IEEE 344-1975. The qualification test included a
demonstration of the absence of natural frequencies below 35 Hz and the ability to remain
operable under a horizontal seismic coefficient of 6.5g and a vertical seismic coefficient of 4.5g
at 33 Hz.

3.9.3.2a.5.5 CRD Scram Discharge Volume Vent and Drain Valves

The CRD Scram Discharge Vent and Drain Valves are evaluated for operability during dynamic
acceleration by test. The testing consisted of a combination of vibration aging testing. SRV
cycling induced fatigue load testing and seismic testing at acceleration levels based upon both
upset and faulted required response spectra (RRS). The valve successfully passed all
qualification testing.

3.9.3.2a.6 HPCI Turbine

The HPCI turbine is dynamically qualified by static analysis. The turbine assembly and its
components were considered to be supported as designed, and horizontal/vertical accelerations
were applied to the mass's center of gravity. The magnitude of the acceleration coefficients was
1.50 horizontal and 0.48 vertical. The results of the analysis indicate that the turbine assembly
is capable of sustaining the above loadings without overstressing any component.

The turbine was dynamically qualified via dynamic testing by the 1st quarter 1983 in accordance
with IEEE 344-1975. The qualification test program demonstrated start-up, steady state
operability, and shutdown capabilities.

3.9.3.2b Non-NSSS Pump and Valve Operability Assurance

The pumps under this category are:

a) Diesel oil transfer pumps

b) RHR service water pumps

c) Emergency service water pumps

d) Control structure chiller - cooling water pumps.

All the above pumps are Class 3.

3.9.3.2b.1 Pumps

The pumps listed above are subjected to testing both in the manufacturer's shop and following
their installation to verify that they meet the criteria required by the respective specifications.

During manufacture, nondestructive test procedures including liquid penetrant examination,

radiographic examination, magnetic particle inspection, and ultrasonic inspection are applied to
the pumps. All these procedures are performed in accordance with ASME Code, Section lll.
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After the pumps have been assembled they are hydrostatically tested and performance tested in
the manufacturer's shop in accordance with the Hydraulic Institute's standards.

After the pumps are installed they will undergo functional tests. Provisions will be made for in-
service inspection and operational testing.

All these tests demonstrate that the pumps are reliable and will function as specified.

3.9.3.2b.1.1 Analysis of Loading, Stress, and Acceleration Conditions

In addition to the tests and procedures referred to above, the pumps are seismically analyzed to
ensure that they will be capable of operating both during and after the OBE and DBE.

In performing these analyses, conservative seismic accelerations and stress criteria were used;
this ensures that critical parts of the pump are not damaged during a seismic event and that the
pump can still operate following such an event.

3.9.3.2b.1.2 Pump Operation During and Following SSE Loading

Each pump/motor combination is designed to rotate at a constant speed under all conditions
unless the rotor becomes completely seized, i.e., with no rotation. Motors are designed to
withstand short periods of severe overload and, typically, the rotor can be seized five full
seconds before a circuit breaker shuts down the pumps. However, the high rotary inertia in the
operating pump rotor, and the nature of the random, short duration loading characteristics of the
seismic event, will prevent the rotor from becoming seized. In actuality, the seismic loadings will
cause only a slight increase in the torque (i.e., motor current) necessary to drive the pump at the
constant design speed. Therefore, the pump will not shut down during the event and will
operate at the design speed despite the seismic loads.

From previous discussions, it is evident that the pump/motor units will withstand seismic
loadings and, therefore, will perform their intended functions. These proposed requirements
take into account the complex characteristics of the pump and are sufficient to demonstrate and
ensure the seismic operability of these pumps. Post-seismic condition operating loads will be
no worse than the normal plant operating limits.

3.9.3.2b.2 Valves

Active ASME Class 1, 2, and 3 valves are identified in the Plant’s ISI program manual.

Safety related active valves are subjected to a series of tests prior to service and during the
plant life. Prior to installation, the following tests are performed: shell hydrostatic test in
accordance with ASME Code Section Ill requirements, backseat and main seat leakage tests,
disc hydrostatic test, functional tests which verify that the valve will open and close within the
specified time limits, and operability qualification of motor operators for the environmental
conditions over the installed life (i.e., aging, radiation, accident environment simulation, etc). in
accordance with IEEE 382-1972. After installation, cold hydrostatic construction tests,
functional tests in accordance with the requirements of Chapter 14, and periodic in-service
operation in accordance with the requirements of Chapter 16, are performed to verify and
ensure the functional ability of the valve.
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The valves are designed using either stress analyses or the pressure-containing minimum wall
thickness requirements. On all active valves with extended topworks, an analysis is also
performed for static equivalent SSE loads applied at the center of gravity of the extended
structure. The maximum stress limits allowed in the analyses demonstrate structural integrity
and are equal to the limits recommended by the ASME Code for the particular ASME class of
valve analyzed as listed in Tables 3.9-7 and 3.9-12. Loading combinations are listed in Tables
3.9-6 and 3.9-14. In addition to these tests and analyses, a representative valve of each design
type is tested for verification of operability during a simulated seismic event by demonstrating
operational capabilities within the specified limits.

A

Selection of Representative Valve

The valves requiring operability qualification are divided into different groups: by valve
manufacturer, valve type, size, pressure class, material type (carbon steel, stainless
steel, and alloy steel) and actuator type (AC electric, DC electric, air, hydraulic, etc.)
Valve sizes that cover the range of sizes in service are qualified as shown in Table 3.9-
15 by tests, and the results are used to qualify all valves within the intermediate range of
sizes. A tabulation is made of the weight of the valve actuator, the actuator thrust
margin (a ratio of the maximum thrust available from the actuator divided by the design
thrust required for the valve), and the yoke configuration (as related to stiffness) for each
valve assembly. For a range of qualified valve sizes, as defined by the qualification
table, the valve assembly with the heaviest actuator, lowest thrust margin, and least stiff
yoke is picked as the test unit. In those cases where a test unit is not readily apparent,
more than one unit is tested to provide a conservative test position. This procedure is
repeated within each group until all listed units are represented by a test unit, and for
each group until all the necessary valves are represented by a test unit.

In addition to the tests, the stress calculations for each valve assembly are reviewed.

A tabulation is made for all qualified valve assemblies comparing the yoke stress for all
valve classes, the yoke-flange to body and the yoke-flange to actuator-bolting stresses,
as applicable, for all classes of valves, and the body stress for Class 1 valves. This is
done to provide further analytical justification for the qualification of non-tested valves by
tested valves.

Qualification Testing Procedures

The valve is mounted in a manner that will conservatively represent typical valve
installations. The valve unit includes the actuator and all appurtenances usually
attached to the valve in service. The operability of the valve during a SSE is
demonstrated by satisfying the following criteria:

a) All the active valves with topworks are designed to have a first natural frequency
greater than 33 Hz. This is shown by suitable test or analysis.

b) The extended topworks of the valve are subjected to a statically applied
equivalent seismic load. Load is applied at the center of gravity of the topworks
in the direction of the weakest axis of the yoke. The design pressure of the valve
or the design pressure of the system is simultaneously applied to the valve
during the static load tests.
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c) The valve is then operated at minimum specified actuation supply voltage or
pressure with equivalent seismic static load applied. The valve must perform its
safety-related function within the specified operating time limits.
d) Motor operators and other electrical appurtenances necessary for operation are

qualified as operable during the SSE in accordance IEEE-344-1975 prior to their
installation on the valve.

For valves with and without the topworks supported, the statically applied load envelopes the
specified G-force times the weight of the topworks. This load is generally greater than would
result from 3.0 g horizontal and 3.0 g vertical. For valves with the topworks supported,
additional loading from thermal and/or anchor movements may be imposed upon the valve
through the support(s). If the loads due to thermal and/or anchor movements are greater than
the statically applied load (which envelopes inertial forces), stress and critical deflection
analyses are performed on the valve (considering the maximum applied loading) as an
acceptable qualification alternative.

An exception to the above described seismic qualification approach is the RHR throttle valves
(HV151F017A/B and HV251F017A/B) which were not tested with a static seismic load but
instead were qualified by a combination of static seismic analysis and static deflection
operability analysis. The static deflection operability analysis verified that adequate internal
clearances exist to insure the binding does not occur within the valve during and after a design
basis event.

The piping designer limits the valve accelerations and support loads to allowable values as
determined by the qualification test and analysis.

The valve is leak tested following the test described above to show that the valve has not been
damaged. The leak rates must not exceed the original allowable leakage rate specified for the
valve.

The above testing program applies only to valves with overhanging structures, i.e., the motor
operator or air actuator assembly. Because of their simple characteristics, check and other
compact valves are not affected by seismic acceleration. Check valves have no extended
structures to distort the valve and cause a malfunction. Check valve discs are designed to allow
sufficient clearance around the disc to prevent distortions from nozzle or other imposed loads.
Accordingly, check valves are qualified by a combination of the following tests and analysis:

a) The air-operated check valves are analyzed to ensure that the air cylinder cannot impair
the ability of the valve to operate as a simple check valve during seismic loading. No
functional test simulating seismic loading is performed. Air operators on check valves do
not perform a safety function.

b) In-shop hydrostatic test

c) In-shop seat leakage test

d) Periodic valve exercise and inspection to ensure the functional ability of the valve in
accordance with the requirements of Chapter 16.
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Using the methods described, all the safety-related active valves in the systems are qualified for
operability during a seismic event. These methods conservatively simulate the seismic event
and ensure that the active valves will perform their safety-related functions when necessary.

3.9.3.3a Design and Installation of NSSS Supplied Pressure Relief Devices

3.9.3.3a.1 Main Steam Safety/Relief Valves

Safety/relief valve lift results in a transient that produces momentary unbalanced forces acting
on the discharge piping system for the period from opening of the safety/relief valve until a
steady discharge flow from the reactor pressure vessel to the suppression pool is established.
This period includes clearing of the water slug from the end of the discharge piping submerged
in the suppression pool. Pressure waves traveling through the discharge piping following the
relatively rapid opening of the safety/relief valve cause the safety/relief valve discharge piping to
vibrate. This in turn produces forces that act on the main steam piping.

The analysis of the relief valve discharge transient consists of a stepwise time history solution of
the fluid flow equation to generate a time-history of the fluid properties at numerous locations
along the pipe. Simultaneously, reaction loads on the pipe are determined at each location
corresponding to the position of an elbow. These loads are composed of pressure-times-area,
momentum change, and fluid friction terms. Figure 3.9-2 shows a set of fluid property and pipe
section load transients typical of those produced by relief valve discharge.

The method of analysis applied to determine piping system response to relief valve operation is
time history integration. The forces are applied at locations on the piping system where fluid
flow changes direction, thus causing momentary reactions. The resulting loads on the safety/
relief valve, the main steam line, and the discharge piping are combined with loads due to other
effects as specified in Subsection 3.9.3.1. The Code stress limits corresponding to load
combinations classification as normal, upset, emergency and faulted, are applied to the steam
and discharge pipe.

3.9.3.3b Design and Installation Details for Mounting of Pressure Relief Devices in ASME Code
Class 1 and 2 Systems

The design of pressure relieving devices can be grouped into two categories: open discharge
and closed discharge.

a) Open Discharge

There are no open discharge pressure relieving devices mounted on ASME Code Class
1 and 2 systems.

b) Closed Discharge

A closed discharge system is characterized by piping between the valve and a tank, or
some other terminal end. Under steady-state conditions, there are no net unbalanced
forces. The initial transient response and resulting stresses are determined by using
either a time-history computer solution or a conservative equivalent static solution. In
calculating initial transient forces, pressure and momentum terms are included. Water
slug effects are also considered.
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Time history dynamic analysis is performed for the discharge piping and its supports.
The effect of the loading on the header is also considered. The design load
combinations for a given transient are shown in Table 3.9-2, and the design criteria and
stress limits for the relief valve are shown in Table 3.9-2g.

3.9.3.4 Component Supports

3.9.3.4.1 Recirculation Piping Supports

The NSSS-designed recirculation piping supports are designed in accordance with Subsection
NF of ASME Code Section Ill. (Non-NSSS designed pipe supports on recirculation piping are
in accordance with Subsection 3.9.3.4.6.) Supports are either designed by load rating per
paragraph NF-3260, or to the stress limits for linear supports per paragraph NF-3231. In
general, the load combinations for the various operating conditions correspond to those used to
design the supported pipe. Design transient cyclic data are not applicable to piping supports as
no fatigue evaluation is necessary to meet the Code requirements.

The design criteria and dynamic testing requirements for component supports are as follows:

Component Supports

All components supports are designed, fabricated, and assembled so that they cannot become
disengaged by the movement of the supported pipe or equipment after they have been installed.

Hangers

The design load on hangers is the load caused by dead weight. The hangers are calibrated to
ensure that they support the design load at both their hot and cold load settings. Hangers
provide a specified down travel and up travel in excess of the specified thermal movement.

Snubbers

The design load on snubbers includes those loads caused by dynamic forces (OBE and SSE)
and hydrodynamic loads, system anchor movements, and reaction forces caused by relief valve
discharge, turbine stop valve closure, etc.

The snubbers are designed and load rated in accordance with NF-3000 to be capable of
carrying the design load for all operating conditions. Faulted condition design uses the criteria
outlined in Appendix F of the ASME code. They are designed to be able to carry the load under
normal, upset, emergency, and faulted loading conditions.

The snubbers are also tested dynamically to ensure that they can perform as required in the
following manner:

a) The snubber will be subjected to either force or displacement that varies approximately
as the sine wave.

b) The frequency (Hz) of the input motion or force will be verified at small increments within
the specified range.
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c) The resulting relative displacements and corresponding loads across the working
components, including end attachments, will be recorded.

d) The test will be conducted with the snubber at various temperatures representative of
operating conditions.

e) The rated load in both tension and compression will be equal to or higher than the peak
load.
f) The duration of the test at each frequency will be specified.

Dynamic Testing

The criterion used to demonstrate the operability of the snubber under dynamic loading
conditions is that the total travel of the unit, including lost motion and deflection during dynamic
load cycling, shall not exceed +.060 inches (.120 inch total).

The dynamic testing on a prototype snubber consists of the following:

(a) The snubber is subjected to load cycling at 100%, 75%, 50% of the rated load and this
load varies approximately as the sine wave function.

(b) The frequency of the input force is varied from 3 to 33 Hz in 3 Hz steps.

(c) The duration of the test (load cycles can be determined by this time interval) at each
frequency is 10 seconds as a minimum.

Struts
The design load on struts includes those loads caused by dead weight, thermal expansion,
primary dynamic forces, i.e., (OBE) and SSE, system anchor displacements, and reaction

forces caused by relief valve discharge, turbine stop valve closure, etc.

Struts are designed in accordance with NF-3000 to be capable of carrying the design load for all
operating conditions.

3.9.3.4.2 Reactor Pressure Vessel Support Skirt

The permissible compressive load on the reactor vessel support skirt cylinder (modeled as plate
and shell type component support) was limited by the GE design specification to 90 percent of
the load which produces yield stress, divided by the safety factor for the condition being
evaluated. The effects of fabrication and operational eccentricity was included. The safety
factor for faulted conditions was 1.125.

An analysis of reactor pressure vessel support skirt buckling for faulted conditions shows that
the support skirt has the capability to meet ASME Code Section Ill, Paragraph F-1370(c) faulted
condition limits of 0.67 times the critical buckling strength of the support at temperature. The
faulted condition analyzed included the compressive loads due to the design basis maximum
earthquake, the overturning moments and shears due to the jet reactor load resulting from a
severed pipe, and the compressive effects on the support skirt due to the thermal and pressure
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expansion of the reactor vessel. The expected maximum earthquake loads for the reactor
vessel support skirts are less than 60% of the maximum design basis loads used in the buckling
analysis described; therefore, the expected faulted loads are well below the critical buckling
limits of Paragraph F-1370(c) for the vessel support skirt. The expected earthquake loads were
determined using the seismic dynamic analysis methods described in Section 3.7.

The loading condition, stress criterion, calculated and allowable stresses are summarized in
Table 3.9-2a.

3.9.3.4.3 NSSS Floor-Mounted Equipment (Pumps, Heat Exchangers and RCIC Turbine)

The RHR pump, core spray pump, RHR heat exchangers, RCIC pump, SLC pump, and RCIC
turbine are all analyzed to verify the adequacy of their support structures under various plant

operating conditions. In all cases, the calculated loads in the critical support areas are within

the ASME Code allowables.

3.9.3.4.4 Supports for ASME Code Class 1, 2 and 3 Active Components

ASME Code Class 1, 2 and 3 active components are either pumps or valves. Since valves are
supported by piping and not tied to building structures, pipe design criteria govern.

Seismic Category | active pumps supports are qualified for seismic and hydrodynamic loads by
testing when the pump supports along with the pumps are fulfilling the following conditions:

1) Simulate actual mounting conditions.

2) Simulate all static and dynamic loadings on the pump.

3) Monitor pump operability during testing.

4) The normal operation of the pump during and after the test indicates that the supports
are adequate. Any deflection or deformation of the pump supports which precludes the

operability of the pump, is not accepted; and,

5) Supports are inspected for structural integrity after the test. Any cracking or permanent
deformation is not accepted.

Seismic and hydrodynamic qualification of component supports by analysis is generally
accomplished as follows:

1) Stresses at all support elements and parts such as pumps holddown, and baseplate
holddown bolts, pump support pads, pump pedestal, and foundation are checked to be
within the allowable limits as specified in ASME Subsection NF.

2) For Normal and Upset plant conditions, the deflections and deformations of the supports

are assured to be within the elastic limits and not to exceed the values permitted by the
designer based on his design verification tests to ensure the operability of the pumps.
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3) For Emergency and Faulted plant conditions, the deformations must not exceed the
values permitted by the designer to ensure the operability of the pumps. Elastic/plastic
analysis will be performed if the deflections are above the elastic limits.

3.9.3.4.5 HPCI Turbine

This section has been intentionally deleted.

3.9.3.4.6 Non-NSSS Supports

The design loading combinations for supports for ASME Code Class 1, 2, and 3 components,
categorized with respect to plant operating conditions identified as normal, upset, emergency,
and faulted, are given in Table 3.9-14. This table also provides the stress limits for each plant
operating condition.

The loads imposed on the ASME Class 1, 2 and 3 active valves and pumps are limited to values
meeting both the manufacturer's and code allowables to insure operability of the active
components by the design of the supports. The supports are designed to remain elastic under
the maximum loads. The minor local deformations associated with the elastic deformation of
the support will not impair operability of the active components.

3.9.3.4.6.1 Snubbers

Snubbers will be used in seismic Category | systems. Snubbers will be purchased with load
ratings appropriate for the design conditions and load combinations.

3.9.3.4.6.1.1 Snubber Design Specification

The specification for the purchase of shock suppressors (snubbers) covers the following related
to snubber design, supplier's performance qualification tests and load tests. Mechanical
snubbers specified for Susquehanna SES are addressed below. Design specification
information pertaining to hydraulic snubbers is also provided below.

Design Criteria

Mechanical Snubbers

a) The frictional resistance of purchased suppressors shall not exceed 2% of the rated
load. However, for suppressors tested during in-service inspection, the frictional
resistance may exceed 2% of the rated load provided that the effects of this increase on
the Seismic Category | systems on which the suppressors are used have been
evaluated and shown to be acceptable.

b) All purchased snubbers shall be designed such that they limit the acceleration of the
pipe to a maximum of 0.02g when subjected to any load up to rated load. An evaluation
of installed snubbers and the Seismic Category | systems on which they are used
indicates that the permissible acceleration can be increased to 0.04g maximum, with
some exceptions that are limited to 0.02g as defined in the snubber program.
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c) The total pipe movement a long the axis of the suppressor shall not exceed +.060 inches
due to any applied dynamic cycle load from 3 to 33 cps up to the rated load at the unit.

d) The suppressor shall be designed for an exposure to a temperature of 40°F prior to
initial startup and 200°F during continuous operations and to a relative humidity of 55
percent normally and 90 percent during shutdown. The radiation exposure shall be 100
Roentgen/hour.

Performance Test: Two types of tests are required.

Production Test: This type of test is required to be performed on each unit.

a) Check unit to confirm acceleration level is less than specified maximum.
b) Check unit to confirm that it operates freely over the total stroke.
c) Measure and record the force required to initiate motion over the stroke in tension and

compression.
d) Measure and record lost motion of the snubber mechanism.

Qualification Tests: These types of tests are to be performed on randomly selected production
models. These tests are used to demonstrate the required load performance (load rating) and
specified displacement when subjected to dynamic load cycling. Also included in these tests
are low temperature, high temperature, humidity, salt/sand and dust spray test, life test and
faulted load test.

Hydraulic Snubbers

The following environmental conditions apply to each hydraulic snubber:

Normal Operation Emergency Faulted
Temperature range 32°F to 176°F 32°F to 302°F 32°F to 302°F
0°C to 80°C 0°C to 150°C 0°C to 150°C
Humidity Up to 100% Up to 100% Up to 100%
Pressure 1 bar 1 bar 5 bar
Radiation (*total accum) 107 rad 107 rad 107 rad
Max. no. cycles 20000 40 1

The following performance testing is required for each hydraulic snubber:

The frictional resistance, including breakaway, in compression and tension shall not exceed
1.5% of normal load for a normal load > 4500 Ibs.

The standard lock-up velocity in compression and tension shall be between 4.7 ipm to 14.2 ipm.
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The standard bleed velocity shall be between 0.47 imp to 4.7 ipm at normal load.

The piston rod travel during a dynamic functional test under rated load from 2 to 35 cps shall be
kept at <+ 0.16".

3.9.3.4.6.1.2 Snubber Analysis Model

A piping system is idealized as a mathematical model consisting of lumped masses connected
by massless elastic members. The elastic members are given the properties of the piping
system being analyzed. The lumped masses are carefully located to adequately represent the
dynamic and elastic properties of the piping system. A lumped mass is located at the beginning
and end of every elbow, valve, at the extended valve operator, and at the intersection of every
tee. On straight runs, lumped masses are located at spacings no greater than the span length
corresponding to 33 cps. A mass point is located at every extended mass to account for
torsional effects on the piping system. In addition, the increased stiffness and mass of valves is
considered in the modeling of a piping system.

The three-dimensional stiffness matrix of the mathematical model is determined by the direct
stiffness method. Axial, shear, flexural and torsional deformations of each member are
included. For curved members and branch connectors a decreased stiffness is used in
accordance with ASME Section Ill. The mass matrix is also calculated.

Snubbers are considered to be rigid members in the dynamic model. Differences in tension and
compression spring rates will not effect design calculations; similarly entrapped air and
temperature do not effect mechanical snubbers. Hydraulic snubbers manufactured by LISEGA
have a pressurized reservoir that precludes air entrapment and environmental temperature
range limits are provided in the design specification.

The load conditions and combinations are being addressed as a generic issue and are included
in the SSES plant Design Assessment Report (DAR). The transients analyzed will include:

1. Seismic
2. Hydrodynamic

a) LOCA induced
b) SRV induced

3. Flow disruption transients (e.g., fast valve closure)

4. Normal Operating Loads.

Snubber locations and sizes are chosen to maintain the stresses due to the above listed loads
to below the ASME code allowable stresses. Since all of the loads described above will be

maintained below the code allowable stresses for the plant condition indicated in the DAR, the
snubber with the appropriate load rating will be used.

3.9.4 CONTROL ROD DRIVE SYSTEM
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This plant is equipped with a hydraulic control rod drive system. The discussion in this section
includes the Control Rod Drive Mechanism (CRDM), the Hydraulic Control Unit (HCU), the
Condensate Supply System and the Scram discharge volume and extends to the coupling
interface with the control rods.

3.9.4.1 Descriptive Information on CRDS

Descriptive information on the control rod drives as well as the entire control and drive system is
contained in Section 4.6.

3.9.4.2 Applicable CRDS Design Specifications

The Control Rod Drive System (CRDS) is designed to meet the functional design criteria as
outlined in Section 4.6 and consists of the following:

a) Locking piston control rod drive;
b) Hydraulic control unit;

c) Hydraulic power supply (pumps),

d) Interconnecting piping,
e) Flow and pressure and isolation valves,
f) Instrumentation and electrical controls.

Those CRD components forming part of the primary pressure boundary are designed according
to ASME Code Section lll.

The quality group classification of the CRD hydraulic system is outlined in Table 3.2-1, and the
components are designed according to the codes and standards governing the individual quality
groups.

Pertinent aspects of the design and qualification of the CRD components are discussed in the
following locations: transients in Subsection 3.9.1.1, faulted conditions in Subsection 3.9.1.4,
and dynamic testing in Subsection 3.9.2.2.

3.9.4.3 Design Loads, Stress Limits, and Allowable Deformation

The ASME Code components of the CRDs and CRD Housings have been evaluated analytically
and the design load combinations and stress limits for the CRD housing are listed in Table 3.9-
2v. For the non-code components, experimental testing was used to assure the CRD
performance under all possible conditions as described in Subsection 3.9.4.4.

Deformations are not a limiting factor in the analysis of the CRDs components based upon the
results of numerous tests on the drive.

3.9.4.3.1 Control Rod Drive Housing Supports
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The Control Rod Drive (CRD) housing support system functions are described in Section 4.6.

The American Institute of Steel Construction (AISC) Manual of Steel Construction, "Specification
for the Design, Fabrication, and Erection of Structural Steel for Buildings," was used in
designing the CRD housing support system. However, to provide a structure that absorbs as
much energy as practical without yielding, the allowable tension and bending stresses used
were 90% of yield and the allowable shear stress used was 60% of yield. These design
stresses are 1.5 times the AISC allowable stresses (60% and 40% of yield, respectively).

The CRD housing supports are designed as Seismic Category | equipment.

3.9.4.4 CRD Performance Assurance Program

The CRD test program consists of the following tests:
a) Development tests
b) Factory Quality Control Tests

c) 5 year Maintenance Life tests
d) 1.5X Design Life tests

e) Operational tests
f) Acceptance tests
9) Surveillance tests

All of the above tests except ¢) and d) are discussed in Subsections 4.6.3 through 4.6.3.1.1.5.
Tests c) and d) are discussed below:

c) "5 Year Maintenance Life" Tests

Four Control Rod Drives are picked at random from the production stock each year and
subjected to various tests under simulated reactor conditions and 1/8 of the cycles
specified in Subsection 3.9.1.1. Upon completion of the test program, the control rod
drive parts are checked to the drawings and all parts must meet or surpass the minimum
specified requirements.

d) 1.5X Design Life Tests
When a significant design change is made to the components of the drive, the drive is
subjected to a series of tests equivalent to 1.5 times the life test cycles specified in
Subsection 3.9.1.1.

Two CRDs were tested in 1976. Upon completion of the test program, the CRDs were

disassembled and the parts checked to the drawing for wear and/or damage. All parts met or
surpassed the minimum specified requirements.

3.9.5 REACTOR PRESSURE VESSEL INTERNALS
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This subsection identifies and discusses the structural and functional integrity of the major
reactor pressure vessel internals.

3.9.5.1 Design Arrangements

The core support structures and reactor vessel internals (exclusive of fuel, control rods, CRDs,
and incore nuclear instrumentation) are identified below:

Core Support Structures
Shroud
Shroud support
Core plate and holddown bolts
Top guide (including bolts and keepers)
Fuel supports
Control rod guide tubes
Control rod drive housing
Reactor Internals
Jet Pump assemblies and instrumentation
*Feedwater spargers
Vessel head spray nozzle
Differential pressure and liquid control lines
In-core flux monitor tubes
*Initial startup neutron sources
*Surveillance sample holders
Core spray lines and spargers
*In-Core instrument housings
*Steam dryer
*Shroud head and steam separator assembly

*Guide rods
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CRD thermal sleeves
* Non-safety class components
A general assembly drawing of the important reactor components is shown in Figure 3.9-3.

The floodable inner volume of the reactor pressure vessel can be seen in Figure 3.9-4. Itis the
volume inside the core shroud up to the level of the jet pump suction inlet.

The design arrangement of the reactor internals, such as the jet pumps, steam separators and
guide tube, is such that one end is unrestricted and thus free to expand.

3.9.5.1.1 Core Support Structures

The core support structures consist of those items listed in Subsection 3.9.5.1. These
structures form partitions within the reactor vessel, to sustain pressure differentials across the
partitions, direct the flow of the coolant water, and laterally locate and support the fuel
assemblies. Figure 3.9-4 shows the reactor vessel internal flow paths.

3.9.5.1.1.1 Shroud

The shroud support, shroud, and top guide make up a stainless steel cylindrical assembly that
provides a partition to separate the upward flow of coolant through the core from the downward
recirculation flow. This partition separates the core region from the Downcomer annulus, thus
providing a floodable region following a recirculation line break. The volume enclosed by this
assembly is characterized by three regions. The upper portion surrounds the core discharge
plenum, which is bounded by the shroud head on top and the top guide's grid plate below. The
central portion and the shroud surrounds the active fuel and forms the longest section of the
assembly. This section is bounded at the bottom by the core support. The lower portion,
surrounding part of the lower plenum, is welded to the reactor pressure vessel shroud support.

3.9.5.1.1.2 Shroud Head and Steam Separator Assembly

The shroud head and steam separator assembly is bolted to the top of the top guide to form the
top of the core discharge plenum. This plenum provides a mixing chamber for the steam-water
mixture before it enters the steam separators. Individual stainless steel axial flow steam
separators are attached to the top of standpipes that are welded into the shroud head. The
steam separators have no moving parts. In each separator, the steam-water mixture rising
through the standpipe passes vanes that impart a spin to establish a vortex separating the water
from the steam. The separated water flows from the lower portion of the steam separator into
the Downcomer annulus.

3.9.5.1.2 Core Plate

The core plate consists of a circular stainless steel plate with bored holes stiffened with a rim
and beam structure. The plate provides lateral support and guidance for the control rod guide
tubes, in-core flux monitor guide tubes, peripheral fuel supports, and startup neutron sources.
The last two items are also supported vertically by the core support plate.

The entire assembly is bolted to a support ledge on the lower portions of the shroud.
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3.9.5.1.3 Top Guide

The top guide is formed by a series of stainless steel beams joined at right angles to form
square openings and fastened to a peripheral rim. Each opening provides lateral support and
guidance for four fuel assemblies or in the case of peripheral fuel, one or two fuel assemblies.
Sockets are provided in the bottom of the beam intersections to anchor the in-core flux monitors
and startup neutron sources. The rim of the top guide rests on a ledge between the upper and
central portions of the shroud. The top guide has alignment pins that engage and bear against
slots in the shroud which are used to correctly position the assembly before it is secured.
Lateral restraint is provided by wedge blocks between the top guide and the shroud wall.

3.9.5.1.4 Fuel Support

The fuel supports, shown in Figure 3.9-5 are of two basic types; namely, peripheral supports
and four-lobed orificed fuel supports. The peripheral fuel support is located at the outer edge of
the active core and is not adjacent to control rods. Each peripheral fuel support will support one
fuel assembly and contains a single orifice assembly designed to assure proper coolant flow to
the peripheral fuel assembly. Each four-lobed orificed fuel support will support four fuel
assemblies and is provided with four orifice plates to assure proper coolant flow distribution to
each rod-controlled fuel assembly. The four-lobed orificed fuel supports rest in the top of the
control rod guide tubes which are supported laterally by the core support. The control rods pass
through slots in the center of the four-lobed orificed fuel support. A control rod and the four
adjacent fuel assemblies represent a core cell. (see Subsection 4.4.2).

3.9.5.1.5 Control Rod Guide Tubes

The control rod guide tubes, located inside the vessel, extend from the top of the control rod
drive housings up through holes in the core support plate. Each tube is designed as the guide
for a control rod and as the vertical support for a four-lobed orificed fuel support piece and the
four fuel assemblies surrounding the control rod. The bottom of the guide tube is supported by
the control rod drive housing, which in turn transmits the weight of the guide tube, fuel support,
and fuel assemblies to the reactor vessel bottom head. A thermal sleeve is inserted into the
control rod drive housing from below and is rotated to lock the control rod guide tube in place.
A key is inserted into a locking slot in the bottom of the control rod drive housing to hold the
thermal sleeve in position.

3.9.5.1.6 Jet Pump Assemblies

The jet pump assemblies are located in two semi-circular groups in the downcomer annulus
between the core shroud and the reactor vessel wall. The design and performance of the jet
pump is covered in detail in References 3.9-1 and 3.9-2. Each stainless steel jet pump consists
of driving nozzles, suction inlet, throat or mixing section, and diffuser (see Figure 3.9-6). The
driving nozzle, suction inlet, and throat are joined together as a removable unit, and the diffuser
is permanently installed. High pressure water from the recirculation pumps is supplied to each
pair of jet pumps through a riser pipe welded to the recirculation inlet nozzle thermal sleeve. A
riser brace consists of cantilever beams welded to a riser pipe and to pads on the reactor vessel
wall.

The nozzle entry section is connected to the riser by a metal-to-metal, spherical-to-conical seal

joint. Firm contact is maintained by a hold- down clamp. The throat section is supported
laterally by a bracket attached to the riser. There is a slip-fit joint between the throat and
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diffuser. The diffuser is a gradual conical section changing to a straight cylindrical section at the
lower end.

3.9.5.1.7 Steam Dryers

The steam dryers remove moisture from the wet steam leaving the steam separators. The
extracted moisture flows down the dryer vanes to the collecting troughs, then flows through
tubes into the downcomer annulus. A skirt extends from the bottom of the dryer vane housing
to the steam separator standpipe, below the water level. This skirt forms a seal between the
wet steam plenum and the dry steam flowing from the top of the dryers to the steam outlet
nozzles.

The steam dryer and shroud head are positioned in the vessel during installation with the aid of
vertical guide rods. The dryer assembly rests on steam dryer support brackets attached to the
reactor vessel wall. Upward movement of the dryer assembly, which would occur only under
accident conditions, is restricted by steam dryer hold-down brackets attached to the reactor
vessel top head.

3.9.5.1.8 Feedwater Spargers

The feedwater spargers are stainless steel headers located in the mixing plenum above the
downcomer annulus. A separate sparger is fitted to each feedwater nozzle and is shaped to
conform to the curve of the vessel wall. Sparger end brackets are pinned to vessel brackets to
support the spargers. Feedwater flow enters the center of the spargers and is discharged
radially inward to mix the cooler feedwater with the downcomer flow from the steam separators
and steam dryer before it contacts the vessel wall. The feedwater also serves to condense the
steam in the region above the downcomer annulus and to subcool the water flowing to the jet
pumps and recirculation pumps.

3.9.5.1.9 Core Spray Lines

The core spray lines are the means for directing flow to the core spray nozzles which distribute
coolant during accident conditions.

Two core spray lines enter the reactor vessel through the two core spray nozzles. (see Section
5.4). The lines divide immediately inside the reactor vessel. The two halves are routed to
opposite sides of the reactor vessel and are supported by clamps attached to the vessel wall.
The lines are then routed downward into the downcomer annulus and pass through the upper
shroud immediately below the flange. The flow divides again as it enters the center of the
semicircular sparger, which is routed halfway around the inside of the upper shroud. The two
spargers are supported by brackets designed to accommodate thermal expansion. The line
routing and supports are designed to accommodate differential movement between the shroud
and vessel. The other core spray line is identical except that it enters the opposite side of the
vessel and the spargers are at a slightly different elevation inside the shroud. The correct spray
distribution pattern is provided by a combination of distribution nozzles pointed radially inward
and downward from the spargers (see Section 6.3).

3.9.5.1.10 Vessel Head Spray Nozzle
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When reactor coolant is returned to the reactor vessel part of the flow can be diverted to a spray
nozzle in the reactor head. This spray maintains saturated conditions in the reactor vessel head
volume by condensing steam being generated by the hot reactor vessel walls and internals.
The spray also decreases thermal stratification in the reactor vessel coolant. This ensures that
the water level in the reactor vessel can rise. The higher water level provides conduction
cooling to more of the mass of metal of the reactor vessel and, therefore, helps maintain the
cooldown rate.

The vessel head spray nozzle is mounted to a short length of pipe and a flange, which is bolted
to a mating flange on the reactor vessel head nozzle (see Subsection 5.4.7).

3.9.5.1.11 Differential Pressure and Liguid Control Line

The differential pressure and liquid control line serves a dual function within the reactor vessel -
to provide a path for the injection of the liquid control solution into the coolant stream and to
sense the differential pressure across the core support plate (described in Section 5.4). This
line enters the reactor vessel at a point below the core shroud as two concentric pipes. In the
lower plenum, the two pipes separate. The inner pipe terminates near the lower shroud with a
perforated length below the core support plate. It is used to sense the pressure below the core
support plate during normal operation and to inject liquid control solution if required. This
location facilitates good mixing and dispersion. The inner pipe also reduces thermal shock to
the vessel nozzle should the standby liquid control system be actuated. The outer pipe
terminates immediately above the core support plate and senses the pressure in the region
outside the fuel assemblies.

3.9.5.1.12 In-Core Flux Monitor Guide Tubes

In-core flux monitor guide tubes provide a means of positioning fixed detectors in the core as
well as provide a path for calibration monitors (TIP System).

The in-core flux monitor guide tubes extend from the top of the in-core flux monitor housing
(see Section 5.4) in the lower plenum to the top of the core support plate. The power range
detectors for the power range monitoring units and the dry tubes for the source range
monitoring and intermediate range monitoring (SRM/IRM) detectors are inserted through the
guide tubes. A lattice work of clamps, tie bars, and spacers give lateral support and rigidity to
the guide tubes. The bolts and clamps are welded, after assembly, to prevent loosening during
reactor operation.

3.9.5.1.13 Surveillance Sample Holders

The surveillance sample holders are welded baskets containing impact and tensile specimen
capsules (see Section 5.4). The baskets hang from the brackets that are attached to the inside
wall of the reactor vessel and extend to mid-height of the active core. The radial positions are
chosen to expose the specimens to the same environment and maximum neutron fluxes
experienced by the reactor vessel itself while avoiding jet pump removal interference or
damage.

3.9.5.2 Design Loading Conditions

3.9.5.2.1 Events to be Evaluated

FSAR Rev. 68 3.9-70



SSES-FSAR
Text Rev. 72

Examination of the spectrum of conditions for which the safety design basis must be satisfied
reveals four significant faulted events:

a) Recirculation Line Break: a break in a recirculation line between the reactor vessel and
the recirculation pump suction.

b) Steam line break accident: a break in one main steam line between the reactor vessel
and the flow restrictor. The accident results in significant pressure differentials across
some of the structures within the reactor.

c) Earthquake: subjects the core support structures and reactor internals to significant
forces as a result of ground motion.

d) Safety relief valve discharge in combination with an SSE.

Analysis of other conditions existing during normal operation, abnormal operational transients,
and accidents shows that the loads affecting the core support structures and other engineered
safety feature reactor internals are less severe than these three postulated events.

The faulted conditions for the reactor pressure vessel internals are discussed in Subsection
3.9.1.4. Loading combination and analysis for the reactor pressure vessel internals are
discussed in Subsection 3.9.3.1, Tables 3.9-1 and 3.9-2.

3.9.5.2.2 Pressure Differential During Rapid Depressurization

A digital computer code is used to analyze the transient conditions within the reactor vessel
following the recirculation line break accident and the steam line break accident. The analytical
model of the vessel consists of nine nodes, which are connected to the necessary adjoining
nodes by flow paths having the required resistance and inertial characteristics. The program
solves the energy and mass conservation equations for each node to give the depressurization
rates and pressure in the various regions of the reactor. Figure 3.9-7 shows the nine reactor
nodes. The computer code used is the General Electric Short-Term Thermal-Hydraulic Model
described in Reference 3.9-3. This model has been approved for use in ECCS conformance
evaluation under 10CFR50, Appendix K. In order to adequately describe the blowdown
pressure effect on the individual assembly components, three features are included in the
model that are not applicable to the ECCS analysis and are, therefore, not described in
Reference 3.9-3. These additional features are discussed below:

a) The liquid level in the steam separator region and in the annulus between the dryer skirt
and the pressure vessel is tracked to more accurately determine the flow and mixture
quality in the steam dryer and in the steamline.

b) The flow path between the bypass region and the shroud head is more accurately
modeled since the fuel assembly pressure differential is influenced by flashing in the
guide tubes and bypass region for a steamline break. In the ECCS analysis, the
momentum equation is solved in this flow path, but its irreversible loss coefficient is
conservatively set at an arbitrary low value.

c) The enthalpies in the guide tubes and the bypass are calculated separately, since the

fuel assembly AP is influenced by flashing in these regions. In the ECCS analysis, these
regions are lumped.
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3.9.5.2.3 Recirculation Line and Steam Line Break

3.9.5.2.3.1 Accident Definition

Both a recirculation line break (the largest liquid break) and an inside steam line break (the
largest steam break) are considered in determining the design basis accident for the engineered
safety feature reactor internals. The recirculation line break is the same as the design basis
loss-of-coolant accident described in Section 6.3. A sudden, complete circumferential break is
assumed to occur in one recirculation loop. The pressure differentials on the reactor internals
and core support structures are in all cases lower than for the main steam line break.

The analysis of the steam line break assumes a sudden, complete circumferential break of one
main steam line between the reactor vessel and the main steam line restrictor. A steam line
break upstream of the flow restrictors produces a larger blowdown area and thus a faster
depressurization rate than a break downstream of the restrictors. The larger blowdown area
results in greater pressure differentials across the reactor internal structures.

The steam line break accident produces significantly higher pressure differentials across the
reactor internal structures than does the recirculation line break. This results from the higher
reactor depressurization rate associated with the steam line break. Therefore, the steam line
break is the design basis accident for internal pressure differentials.

3.9.5.2.3.2 Effects of Initial Reactor Power and Core Flow

The maximum internal pressure loads can be considered to be composed of two parts: steady-
state and transient pressure differentials. For a given plant the core flow and power are the two
major factors which influence the reactor internal pressure differentials. The core flow
essentially affects only the steady-state part. For a fixed power, the greater the core flow, the
larger will be the steady-state pressure differentials. The core power affects both the steady-
state and the transient parts. As the power is decreased, there is less voiding in the core and
consequently the steady-state core pressure differential is less. However, less voiding in the
core also means that less steam is generated in the reactor pressure vessel and thus the
depressurization rate and the transient part of the maximum pressure load is increased. As a
result, the total loads on some components are higher at low power.

To ensure that the calculated pressure differences bound those which could be expected if a
steam line break should occur, an analysis is conducted at a low power-high recirculation flow
condition in addition to the standard safety analysis condition at high power, rated recirculation
flow. The power chosen for analysis is the minimum value permitted by the recirculation system
controls at rated recirculation drive flow (that is, the drive flow necessary to achieve rated core
flow at rated power.)

This condition maximizes those loads which are inversely proportional to power. It must be
noted that this condition, while possible, is unlikely; first, because the reactor will generally
operate at or near full power; second, because high core flow is neither required nor desirable at
such a reduced power condition.
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3.9.5.2.4 Seismic and Hydrodynamic Loads

The seismic and hydrodynamic loads acting on the structures within the reactor vessel are
based on a dynamic analysis as described in Section 3.7. Seismic analysis is performed by
coupling the lumped mass model of the reactor vessel and internals, as described in Section
3.7, with the building model to determine the acceleration force and moment time histories in the
reactor vessel and internals. This is accomplished by using the modal superpostion method.
Acceleration response spectra are also generated for subsystem analyses of selected
components.

3.9.5.3 Design Loading Categories

Loading combinations for the core support structures are shown in Table 3.9-2. The basis for
determining faulted loads on the reactor internals is shown for dynamic loads in Section 3.7 and
for pipe rupture loads in Subsection 3.9.5.2.3 and 3.9.5.4.3. Table 3.9-2b shows allowable and
calculated stress values for highly stressed core support structures and selected reactor internal
components. Table 3.9-2aa provides this same type of information for the CRD guide tubes.

Stress intensity and other design limits are discussed in Subsection 3.9.5.4.4. The core support
structures which are fabricated as part of the reactor pressure vessel assembly are discussed in
Subsection 3.9.1.3 in conjunction with the reactor pressure vessel.

The design requirements for equipment classified as "other" e.g., steam dryers and shroud
heads, were specified by the designer with appropriate consideration of the intended service of
the equipment and expected plant and environmental conditions under which it will operate.
Where possible, design requirements are based on applicable industry codes and standards.

If these are not available, the designer relies on accepted industry or engineering practices.

3.9.5.4 Design Bases

3.9.5.4.1 Safety Design Bases

The reactor core support structures and internals shall meet the following safety design bases:

1) They shall be arranged to provide a floodable volume in which the core can be
adequately cooled in the event of a breach in the nuclear system process barrier
external to the reactor vessel.

2) Deformation shall be limited to assure that the control rods and core standby cooling
systems can perform their safety functions.

3) Mechanical design of applicable structures shall assure that safety design bases (1) and
(2), above, are satisfied so that the safe shutdown of the plant and removal of decay
heat are not impaired.

3.9.5.4.2 Power Generation Design Bases

The reactor core support structures and internals shall be designed to the following power
generation design bases:
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1) They shall provide the proper coolant distribution during all anticipated normal operating
conditions to full power operation of the core without fuel damage.

2) They shall be arranged to facilitate refueling operations.
3) They shall be designed to facilitate inspection.

3.9.5.4.3 Response of Internals Due to Inside Steam Break Accident

It is concluded that the maximum pressure loads acting on the reactor internal components
result from an inside steam line break, and on some components the loads are greatest with
operation at the minimum power associated with the maximum core flow. This has been
substantiated by the analytical comparison of liquid versus steam breaks and by the
investigation of the effects of core power and core flow.

It has also been pointed out that, although possible, it is not probable that the reactor would be
operating at the rather abnormal condition of minimum power and maximum core flow. More
realistically, the reactor would be at or near a full power condition and thus the maximum
pressure loads acting on the internal components would be less.

3.9.5.4.4 Stress, Deformation, and Fatique Limits for Reactor Internals
(Except Core Support Structure)

These limits are summarized in Table 3.9-2(b).

Design Condition SF
Normal 2.25
Upset 2.25
Emergency 1.5
Faulted 1.125

Components inside the reactor pressure vessel such as control rods which must move during
accident condition have been examined to determine if adequate clearances exist during
emergency and faulted conditions. No mechanical clearance problems have been identified.
No plastic deformation occurs in the reactor internal components during emergency or faulted
conditions as shown in Subsections 3.9.4 and 3.9.3.1, and Table 3.9-2. This is used in
demonstrating that no mechanical interferences exist. No fatigue analysis is required under the
faulted conditions due to the low encounter frequency of faulted events and the low number of
cycles. The forcing functions applicable to the reactor internals are discussed in Subsection
3.9.2.5.

3.9.5.4.5 Stress, Deformation, and Fatigue Limits for Core Support Structures

These limits are summarized in Tables 3.9-2a, 3.9-2b, and 3.9-2v.

3.9.6 IN-SERVICE TESTING OF PUMPS AND VALVES

The construction permits for the Susquehanna Steam Electric Station were issued in November
1973. Relating this date to the requirements of 10CFR50.55a(g), the preservice examination
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program, including provisions for design and access to enable operational readiness testing of
pumps and valves, complied, as a minimum, with the 1971 Edition of the ASME B&PV Code
Section Xl including Addenda through Summer 1972.

This ASME Code Edition does not require preservice and in-service testing of pumps and
valves to ensure operational readiness. The requirements for in-service testing of pumps and
valves were added as Subsections IWV and IWP to ASME B&PV Code Section XI, Summer
1973 Addenda, effective December 30, 1973. By then, design and procurement for SSES was
under way; however, the preservice testing program for pumps and valves for assessing
operational readiness was conducted, to the extent practical, so that it complied with
requirements of the 1974 Edition, ASME B&PV Code through Winter 1975 Addenda.

The first 120 months' in-service tests will assess operational readiness of pumps and valves.
These tests complied, to the extent practical within design limitations, with the requirements of
10CFR50.55a.

During successive 120-month periods, in-service tests of pumps and valves for assessing

operational readiness will comply, to the extent practical within design limitations, with the
requirements of 10CFR50.55a.
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Company, NEDE-20566.
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fABLE 3.9-1

TRANSIENTS AND THE NUMBER OF ASSOCIATED CYCLES CONSIDERED
IN THE DESIGN AND FATIGUE ANALYSIS OF THE RPV ASSEMNBLY AND

INTERNAL TRANSIENTS

No. of Cycles

Normal, Upset, and Testing Conditions

1. Bolt Up* 123
2. Design Hydrostatic Test 130
3. Startup (100°F/hr Heatup Rate) *# 117
4. Daily Reduction to 75% Pover¥® 10,000
5. ¥Weekly Reduction to 50% Power® 2,000
6. Control Rod Pattern Change* 400
7. Loss of Feedwater Heaters ({80 Cycles Total): 80
8. 50% Safe Shutdown Earthquake Event at Rated

Operating Conditions 10% %% %
9. Scranm:

a, Turbine Generator Trip, Feedwater On,

Isolation Valves Stay Open 40

b. Other Scranms 140
10. Reduction to 0% Power, Hot Standby with main

condenser available, Shutdown (100°F/hr Cooldown

Rate) *¥ mm
11. Unbolt 123
12. Pre-op Blowdown 10
13. Natural Circulation Startup 3
14. Loss of AC Power, Natural Circulation Restarf 5
Emergency Conditions
15. Scram:

a. Reactor COverpressure vwith Delayed Scram, Peedwater

Stays On, Isolaticn VYalves Stay Open Te*xn
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JABLE_3.3-1_4Continuegd)

Transiepts Ro, of Cycles

Emergency Condjitions(Continued)

16. Scranm

a. - -

b. Automatic Blowdowun T ks

¢ Loss of Peedvater Pumps, Isolation Valves

Closed i 5

d. Single Safety or Relief Valve Blowdown 8
17. Improper Start of Cold Recirculation Loop 1*%s
18. Sudden Start of Puap in Cold Recirculation Loop 15%¢

19. Improper Startup with Reactor Draim Shut Off 1*¢e

20, Pipe Rupture and Blowdown teee

21. Safe Shutdown Earthquake at Rated Operating
Conditions fds

. —— i e

* Applies to reactor pressure vessel only.

** Bulk average vessel coolant teaperature change in any
1-hour period.

*%% The annual encounter prdhability for the one cycle events
is € 10-2 for emergency and 10 for faulted events.

*xx*% Includes 10 maximum load cycles per event. Not required

to be considered in fatique analysis due to lov encounter
frequency (<10-2) and lov nuaber of cycles.
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TABLE_3.9:-2
LFTRODUCTION

This table lists the major mechanical safety related mechanical
components in the plant. Various parts of the table are
referenced in Section 3.9. The format in the various parts of
the table is consistent, since variations exist on analytical
methods and depth of detail necessary to deaonstrate the safety
aspects of various cosponents.
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3.9-2b

3-9-20
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3.9—29

3.9-2¢
3.5-20
3.9-2h
3.9-2i
3.9-24
3.9-2k
3.9-21
3.9-2m

3.9-2n

3-9‘20

SSES=FSAR

TABLE_3.9-2_INDEX

CONTENTS:
LOAD CONBINATION AND ACCEPTANCR CRITERIA POR ASEE CODE
CLASS 1, 2, AND 3 PIPING AND COMPOKENTS

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSENBLY
(i) Yessel Support Skirt

{ii) Shroud Support

(iii) BPV Peedwater WNozzle

(iv) CRD Penetration - CRD BRousing

(v) CRD Penetration - Stud Tube

REACTOR INTERNALS & ASSOCIATED BQUIPHENT

(i) Top Guide ~ Highest Stressed Beas

(ii} Core Plate (Ligament in Top Plate)

(iii) Vessel Head Spray Nozzle

REACTOR WATER CLEANUP (REGENERATIVE E HON-REGENEBATIVE)
HEAT EXCHANGERS

ASME CODE CLASS 1 MAIN STEAN PIPINS AND PIPE HOOUNTED
EQUIPHENT

ASME CODE CLASS 1 RECIRCULATION PIPING ARD PIPE MOUNTED
EQUIPMENT

NOT USED

SAIN STEAM SAFETY/RELIEF VALVES

HAIN STEAM ISOLATION VALVE

RECIRCULATION PUNP

REACTOR RECIRCULATIONR SYSTEM GATE VALVES

CLASS III SAFETY RELIEP VALVE DISCHARGE PIPING
STANDBY LIQUID CONTEOL PUMP

STARDBY LIQUID CONTROL TARK

ECCS PUNPS

(i) BBR Pumps
(ii) Core Spray Pumps

RESIDUAL HEAT RENOVAL (RHB) HEAT EXCHANGER
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3.9-2p
3.9-2q
3.9-2r
3.9-2s

3.9-2¢
3.9-2u
3.9-2v
3.9-2vw
3.9-2x
3.9-2vy
3.9-22
3.9-2aa
3.9-2ab
3.9-2ac
3.9-2ad

3.9-2ae
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TABLE.3.3:-2.INDEX_-_{Continuedl

REACTOR WATER CLEANUP (BWCU) PUNP

RCIC TORBIKE

RCIC PUNMP

REACTOR REFUELING & SERVICING EQUIPAEBNT

(i) Puel Storage Racks
(ii) Puel Preparation Nachine

HIGH PRESSURE COOLANT IRJECTION (HPCI) POUHP
CONTROL BOD DRIVE (INDEX TUBE)
CONTROL ROD DRIVE HOUSING

JET PUAPS

NOT USED

NOT USED

NOT USED

CbHTROL ROD GUIDE TUBE

INCORE HOUSING

NOT USED

NOT USED

APCI TUBRBINE DESIGN CALCULATIONS
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TAEBLE 3 . 9"2

LOAD COMBINATION AND ACCEPTANCE CRITERIA
FOR ASME CODE CLASS 1, 2, AND 3

NSSS PIPING AND EQUIPMENT

Page 1 of 2
Design Evaluation Service
Load Combination Basis Basis Level

N + SRV 11 Upset Upset (B)
N + OBE Upset Upset (B)
N + OBE + SRV(ALL) Emergency Upset (B)

L
N + SSE + SRV(ALL) Faulted Faulted (D)
N 4 SBA + SRV Emergency Emergency* (C)
N + IBA 4 SRV Faulted Faulted* (D)

*

N + SBA + SRV(ADS) Emergency Emergency (C)

i
N + SBA + OBE + SRV ., Faulted Faulted (D)

*
N + IBA + OBE + SRV(Ans) Faulted Faulted (D)
N + SBA/IBA + SSE + SRV(ADS) Faulted Faulted* (D)
N + LOCA** + SSE Faulted Faulted* (D)
NOTE; &all dynamic loads are combined by SRSS

LOAD DEFINITION LEGEND

Normal(N) - Normal and/or abnormal loads depending on acceptance criteria.

OBE - Operational basis earthguake loads.

SSE ~ Safe Shutdown earthquake loads.

ERY a1, -~ The loads induced by the actuation of all safety/relief valves
which activate within milliseconds of each other (e. 9o
turbine trip operational transient).

SRV, ns - The loads induced by the actuation of safety/relief valves
associated with Automatic Depressurzation System which actuate
within milliseconds of each other during the postulated small
or intermediate size pipe rupture.

SRV - Safety/relief-valve-discharge-induced loads from two adjacent
valves (one valve actuated when adjacent valve is cycling).
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LOCA

LoCa

LOCA

LOCh

Loca
LOCA ¢
LOCA ¢
LOCA 4

SBA

IBA

LOAD COMBIFATIQN TABLE 3.3-2_ (Cont'dl

The loss of coolant accident associated with the postulated
pipe rupture of large pipes (e.g., main steam, feedvater,
recirculation piping).

Pool swell dgag/fallout _loads on piping and cosponents
located between the main vent discharge osutlet and the
suppression pool water upper surface.

Pool swell jppact_loads on piping and components located
above the suppression pool water upper surface.

Oscillating pressure induced loads on subeerged piping and
components during condensation oscillations.

Building motion induced loads from chugging.

Building motion induced loads froam main vent air clearing.
Vertical and horizontal loads on main vent piping.
Annulus pressurization loads.

The abnoreal transients associated with a Small Break
Accident.

The abnormal transients associated with an Intermediate
Break Accident,

* All ASME Code Class 1, 2, and 3 piping systems that are
required to function for safety shutdown under the
postulated events shall meet the requirements of NRC's
"Interie Technical Position-Function Capability of
passive components™ - by NEB.

* % The most severe load combination among LOCA.

Rev. 35, 07/84
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TABLE 3.9-3

NSSS SEISMIC CATEGORY | ACTIVE PUMPS AND VALVES

IDENTIFICATION AS SHOWN ON
COMPONENT NAME APPLICABLE FIGURES
Main Steam Isolation Valves g gj: E 8§§
Safety Relief Valves B 21 E_ B3
C 12 F 010/180 (Unit 1)
Control Rod Drive Globe Valves g ::% E 8::;:: fBB1 ELL::Q:: ;;
c 12 F 011A/B (Unit2)
Recirculation System B 31 F 031
(Discharge and Bypass) Gate Valves B 31 F 032
Standby Liquid Control Pump C 41 C 001
Standby Liquid Control Valve C 41 F 004
RHR Pump E 11 C 002
Core Spray Pump and Motor B 21 C 001
RCIC Pump E 51 C 001
RCIC Turbine E 51 C 002
HPCI Pump E 41 C o001
HPCI Turbine E 41 C 002
FSAR Rev. 60 Page 1 of 1
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TABLE 3.9-4 (Page 10f21)

APPLICABLE THERMAL TRANSIENTS

(PRE STARTUP LEAK TEST)
130 cycLES
CONDITION - TEST

Initial Final Temp. Rate | Temp.
Pipeline Temp. °F | Temp. °F Time °F/Hour °F

Main Steam Line 70 100 30 min 60 30
Head Spray (RHR) 70 100 30 min 50 30
Recirculation Suction 70 100 30 min 80 30
Recirculation Discharge 70 100 30 min 60 30
Bottom Drain 70 100 30 min 60 30
Standby Liquid Control 70 100 30 min 60 30

100 50 Step 10 min 50

50 100 step | AN 50
Core Spray 70 100 30 min 60 30
Feedwater 70 100 30 min 60 30
CRDHS Return 70 100 30 min 80 30

decreased to O psig.

Remarks: After temperature is raised to 100°F, reactor pressure is increased to 1250 psig and then

Rev. 40, 04/96
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TABLE 3.9-4 (Page 20f 21)
APPLICABLE THERMAL TRANSIENTS

(STARTUP)
120 cycLES
CONDITION - NORMAL
Initial Final Temp. Rate
Pipeline Temp. °F Temp. °F Time °F/Hour Temp. °F

Main Steam Line 100 551 - 100 451

Head Spray (RHR) 100 551 - 100 451

Recirculation 100 551 - 100 451
Suction

551 543 Step - 8

543 527 Step - 16

Recirculation 543 527 Step - 16

Discharge

Bottom Drain 543 527 Step - 16

Standby Liquid 543 527 Step - 18
Control

Core Spray 100 406 - 100 | 306

only occurs

10 times 406 50 Step = 356

50 406 Step - 358

4AD6 551 - 100 145

Feedwater 100 551 - 100 451

551 80 Step - 481

a0 420 30 min 660 330

CRDHS Return 100 50 Step - 50

Remarks: Reactor pressure increases from 0 to 1038 psig at rate of temperature increase.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 3 of 21)

APPLICABLE THERMAL TRANSIENTS

(DALY POWER REDUCTION AND ROD PATTERN CHANGE)

10,400 cycLES
CONDITION - NORMAL

Initial Final Temp. Rate
Pipeline Temp. °F | Temp, °F l Time °FfHour Temp. °F |

Main Steam Line 551 551
Head Spray (RHR) 551 5§51
_ Recirculation Suction 527 527
Recirculation Discharge 527 527
Bottom Drain 527 527
Standby Liguid Contral 527 527
Core Spray 527 527

Feedwater 420 354 15 min 264 66

354 420 15 min 264 66
CRDHS Return 50 50
Clean Return 435 435

Remarks: Reactor pressure remains at 1038 psig.

Rev. 49, 04/96
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TABLE 3.94 (Page 4 of 21)
APPLICABLE THERMAL TRANSIENTS
(WEEKLY POWER REDUCTION)
2000 CcYCLES
_ CONDITION - NORMAL
Initial Final Temp. Rate
Pipeline Temp. °F Temp. °F Time °FiHour Temp. °F
Main Steam Line 551 551
Head Spray (RHR) 551 551
Recirculation Suction 527 627
Recirculation 527 527
Discharge
Bottom Drain 527 527
Standby Liquid 527 527
Control
Core Spray 527 527
Feedwater 420 324 30 min 192 96
324 | 420 30 min 192 86
CRDHS Return 50 50
Cleanup Return 435 435
Remarks: Reactor pressure remains at 1038 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 5 of 21)

APPLICABLE THERMAL TRANSIENTS

(TURBINE TRIP 100 PERCENT BYPASS)

10 cvcLES
CONDITION - UPSET
Initial Final Temp. Rate
Pipeline Temp. °F Temp. °F Time °FiHour Temp. °F

Main Steam Line 551 551 |
Head Spray (RHR) 551 551
Recirculation Suction 527 495 1.5 min 1280 32

495 527 4 min 480 32
Recirculation 495 527 4 min 480 32
Discharge
Bottom Drain 495 527 4 min 480 32
Standby Liquid 495 527 4 min 480 32
Control
Core Spray 495 527 4 min 480 32
Feedwater 420 100 1.5 min 12,800 320

100 420 4 min 4800 320
CRDHS Retum 50 50

Remarks: Reactor pressure remains at 1038 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 6 of 21)

APPLICABLE THERMAL TRANSIENTS

(PARTIAL FEEDWATER HEATER BYPASS)
70 cYcLES
CONDITION - UPSET

Initial Final Temp. Rate
Pipeline Temp, °F | Temp. °F Time °F/Hour Temp. °F
Main Steam Line 551 551
Head Spray (RHR) 551 551
Recirculation Suction 527 517 2 min 300 10
517 527 4 min 150 10
Recirculation Discharge 517 527 4 min 150 10
Bottom Drain 517 527 4 min 150 10
Standby Liguid Control 517 527 4 min 150 10
Core Spray 517 527 4 min 150 10
Feedwater 420 265 1.5 min 6200 155
265 420 3 min 3100 155
CRDHS Relurn 50 50

Remarks: Reactor pressure remains at 1038 psig.

Rev. 49, 04/96




SSES-FSAR
TABLE 3.9-4 (Page 7 of 21)
APPLICABLE THERMAL TRANSIENTS
(SCRAM - T/G TRIP FEEDWATER ON - MSIV OPEN)
40 CYCLES
s CONDITION - UPSET |
Initial Final Temp. Rate
PjPeIlne Temp. °F | Temp. °F Time °F/Hour Temp. °F
Main Steam Line 851 565 10 sec 5040 14
865 543 13 sec 5280 22
543 400 100 143
400 551 100 151
Head Spray (RHR) 400 551 100 151
Recirculation Suction 527 400 - 100 127
400 551 100 151
551 543 Step - 8
543 827 Step - 16
Recirculation Discharge 543 527 Step 16
Bottom Drain 543 527 Step - 16
Standby Liquid Controf 543 527 Step - 16
Core Spray 543 527 Step - 16
Feedwater 420 275 1 min 8700 145
275 100 15 min 700 175
100 250 Step 150
260 420 30 min 340 170
CRDHS Return 50 50
Remarks: Reacter pressure increases to 1163 psig all relief valves open. Pressure decreases to
240 psig and then increases to 1038 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 8 of 21)

APPLICABLE THERMAL TRANSIENTS

(ALL OTHER SCRANMS)

140 cYCLES
S P - _gTDITION ™ UPSIi e =
Initial Final Temp. Rate

Pipeline Temp. °F | Temp. °F Time °F/Hour Temp. °F
Main Steam Line 551 543 15 sec 1920 8
543 400 " 100 143
400 551 - 100 151
Head Spray (RHR) 400 551 - 100 151
Recirculation Suction 527 400 - 100 127
400 551 - 100 151
551 543 Step 8
543 527 Step 16
Recirculation Discharge 543 527 Step 18
Bottom Drain 543 527 Step 16
Standby Liguid Control 543 527 Step 16
Core Spray 543 527 Step 16
Feedwater 420 275 1min 8700 145
278 100 15 min 700 175
100 250 Step 150
250 420 30 min 34C 70

CRDHS Return 50 50

Remarks: Reactor pressure decreases to 240 psig and then increases to 1038 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 9 of 21)

APPLICABLE THERMAL TRANSIENTS

(RATED POWER)
SEE BELOW
CONDITION - NORMAL

w#_—
Initial Final Temp. Rate
Pipeline Temp. °F | Temp, °F Time °F/Hour Temp.
°F
Main Steam Line 551 551
Head Spray (RHR) 551 . 551
Recirculation Suction 527 827
Recirculation Discharge 527 527
Bottom Drain 527 150 1hr 377 3T
*240 Times
150 527 Step - 377
Standby Liquid Control 527 60 Step - 467
*10 Times |
680 527 60 min 467 487
Core Spray 527 527
Feedwater 420 420
CRDHS Return 50 50
Cleanup Return 435 435

Remarks: Reactor pressure remains at 1038 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 10 of 21)

APPLICABLE THERMAL TRANSIENTS

(SHUT DOWN)
111 CYCLES
CONDITION = NORMAL
Initial Final Temp. Rate
Pipeline Temp. °F | Temp. °F Time °F/Hour Temp. °F
— _— e—— e
Main Steam Line 551 375 - 100 176
375 330 10 min 270 45
330 100 - 100 230
Head Spray (RHR) and 551 375 - 100 176
RHR Return
379 o0 Step 19 sec ) 329
Duration
50 300 Step 250
300 100 - 100 200
Recirculation Suction 527 551 Step - 24
551 375 - 100 176
ars 330 10 min 270 45
330 100 - 100 230
Bottom Drain 330 100 - 100 230
Standby Liquid Control 330 100 - 100 230
Core Spray 330 100 - 100 230
Recirculation Discharge 527 551 Step - 24
551 375 - 100 176
375 300 Step - 75
300 260 10 min 240 40
260 100 - 100 160
Feedwater 420 265 30 min 310 159
*5 step changes to
100°F and back 265 420 Step - 155
during cooldown 420 551 : 100 131
551 100 - 100 451
CRDHS Return 50 50

Remarks: Reaclor pressure decreases from 1038 psig to O psig.

Rev. 49, 04/96
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TABLE 3.94 (Page 11 of 21)
APPLICABLE THERMAL TRANSIENTS
(LOSS OF FEEDWATER PUMPS = MSIV CLOSED)
10 CYCLES
CONDITION - EMERGENCY
Initial Final Temp. Rate
Pipeline Temp. °F | Temp. °F _Time °F/Hour Temp. °F |
Main Steam Line 551 571 3 sec 24,000 20
571 565 10 sec 2160 6
565 536 3 min 580 29
536 565 73 min 24 29
565 505 7 min 514 80
505 400 100 105
400 551 100 151
Head Spray (RHR) 400 551 100 151
Recirculation Suction 527 300 30 min 454 227
300 551 100 251
551 543 Step 8
543 527 Step 16
Recirculation Discharge 543 827 Step 16
Bottom Drain 527 300 3.7 min 3,681 227
300 505 23 min 535 205
505 300 3 min 4100 205
300 505 73 min 169 205
505 300 7 min 1,757 208
300 551 100 251
551 543 Step 8
543 527 Step 16
Standby Liquid Control 543 527 Step 16
Core Spray 543 527 Step 16

Rev. 49, 04/86
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TABLE 3.9-4 (Page 12 of 21)

APPLICABLE THERMAL TRANSIENTS

(LOSS OF FEEDWATER PUMPS - MSIV CLOSED) (continued)

— ==
Initial Final Temp. Rate
Pipeline Temp. °F | Temp. °F Time °FiHour Temp. °F
Feedwater 420 551 Step - 131
551 40 Step - 511
40 551 23 min 1,333 511
551 40 Step - 511
40 551 51 min 601 511
551 40 Step - 511
40 300 5 min 3120 260
300 551 . 100 251
551 100 Step > 451
100 250 Step . 150
250 420 30 min 340 170
CRDHS Return 50 545 10 min 2,970 495

Remarks: Reactor pressure increases to 1218 psig. All relief valves open. Pressure decreases to
1163 psig and relief valves close. RCIC initiates and pressure decreases to 913 psig. RCIC
trips off on high level and pressure increases to 1163 psig and one refief valve opens and
then closes as pressure decreases at rate of 100°F/hr.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 13 of 21)
APPLICABLE THERMAL TRANSIENTS
(REACTOR OVERPRESSURE DELAYED SCRAM)
1 CYCLE
CONDITION - EMERGENCY
o | kEw | B | | s |
Initial Final Temp. Rate

Pipeline Temp. °F | Temp. °F Time °FiHour Temp. °F
Main Steam Line 551 583 2 sec 57,600 32
583 543 30 sec 4,800 40
543 400 - 100 143
Head Spray (RHR) 543 400 - 100 143
Recirculation Suction 527 562 11 sec 11,455 35
562 400 ¥ 100 162
Recirculation Discharge 562 400 - 100 162
Bottom Drain 562 400 . 100 162
Standby Ligquid Control 562 400 - 100 162
Core Spray 562 | 400 - 100 162
Feedwater 420 278 1 min 8840 144
276 100 15 min 704 176
100 250 Step - 150
250 420 30 min 340 170
CRDHS Return 100 50 Step - 50

Remarks: Reactor pressure increases to 1350 psig. All relief valves and safety valves open,

Pressure decreases to 240 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 14 of 21)
APPLICABLE THERMAL TRANSIENTS
(SINGLE SAFETY/RELIEF VALVE BLOWDOWN)
8 CYCLES
CONDITION - EMERGENCY
Initial Final Temp. Rate
Pipeline Temp. °F | Temp. °F Time °FiHour Temp. °F
Main Steam Line 551 375 10 min 1,058 176
375 100 - 100 275
Head Spray (RHR) 375 100 - 100 275
Racirculation Suction 527 375 10 min 912 162
375 100 - 100 275
Recireulation Discharge 375 100 - 100 275
Bottom Drain 275 100 - 100 275
Standby Liguid Control 375 100 - 100 275
Core Spray 375 100 - 100 275
Feedwater 420 276 1 min 8640 144
276 100 156 min 704 176
CRDHS Return 50 50
Remarks: Reactor pressure decreases to 0 psig with one relief valve or safety valve open.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 15 of 21)

APPLICABLE THERMAL TRANSIENTS

{AUTOMATIC DEPRESSURIZATION)

1 CYCLE
CONDITION - EMERGENGY

— e |
Initial Final Temp. Rate
Pipeline Temp. °F | Temp. °F Time °F/Hour Temp. °F
T e __|—_

Main Steam Line 551 375 3.3 min 3,200 176
375 281 300 94
Head Spray (RHR) 375 281 - 300 g4
Recircuiation Suction 527 375 3.3 min 2,764 152
375 281 300 G4
Recirculation Discharge 375 281 - aco 94
Bottom Drain 375 281 300 04
Standby Liguid Control 375 281 300 94
Core Spray 375 281 300 94
Feedwater 420 276 1 min 8640 144
276 100 15 min 704 176

CRDHS Return 50 50

Remarks: Reactor pressure decreases to 35 psig with auto-blowdown relief valves open.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 16 of 21)

APPLICABLE THERMAL TRANSIENTS

(IMPROPER START OF COLD RECIRCULATION LOOP)
1 CYCLE
CONDITION - EMERGENCY

- =
Initial Final Temp. Rate
Pipeline Temp. °F | Temp. °F Time °FfHour Temp. °F
Main Steam Line 551 551
Head Spray (RHR) 551 551
Recirculation Suction 527 130 Step 26 sec 397
Duration
130 527 Step 397
Recirculation Discharge 527 130 Step 34 sec 397
Duration
130 527 Step 397
Bottom Drain 527 527
Standby Liquid Centrol 527 527
Core Spray 527 268 Step 34 sec 259
Duration
268 527 Step 259
Feedwater 420 420
CRDHS Return 50 50

Remarks: Reactor pressure remains at 1038 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 17 of 21)
APPLICABLE THERMAL TRANSIENTS
(SUDDEN PUMP START IN COLD LOOP)
1 CYCLE
CONDITION - EMERGENCY
Initial Final Temp. Rate
Pipeline Temp. °F | Temp. °F Time °F/Hour Temp. °F
Main Steam Line 531 551
Head Spray (RHR) 551 551
Recircutation Suction 527 527
Recirculation Discharge 527 130 Step 397
34 second

130 527 Step Duration 397
Bottom Drain 527 350 Step 177

350 527 Step 177
Standby Liquid Contro! 350 527 Step 177
Core Spray 527 527
Feedwater 420 420
CRDHS Return 50 50
Remarks: Reaclor pressure remains at 1038 psig.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 18 of 21)

APPLICABLE THERMAL TRANSIENTS

(IMPROPER START WITH RECIRCULATION PUMPS OFF)

1 cYcLE
CONDITION - EMERGENCY
Initial Final Temp. Rate

Pipeline Temp. °F | Temp. °F Time “FiHour Temp. °F
Main Steam Line 100 651 - 100 451
Head Spray (RHR) 100 551 - 100 451
Recirculation Suction 100 551 100 451
Recirculation Discharge 100 551 - 100 451
551 130 Step 34 sec 421
130 551 Step PR 421
Bottom Drain 100 551 5 min 5412 451
Standby Liquid Control 100 551 5 min 5412 451
Core Spray 100 551 100 451
Feedwater a0 551 - 100 461
551 90 Step - 481
a0 420 30 min 660 330

CRDHS Returns 50 50

Remarks: Reactor pressure increases to 1038 psig as temperature increases.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 19 of 21)
APPLICABLE THERMAL TRANSIENTS
(PIFE RUPTURE AND BLOWDOWN)
1 CYCLE
CONDITION - FAULTED
Initial Final Temp. Rate
Pipeline N Temp. °F | Temp. °F Time °F/Hour Temp. °F
Main Steam Line 551 281 15 sec 64 800 270
Head Spray (RHR) 551 281 15 sec¢ 64,800 270
Recirculation Suction 527 281 15 sec 59,040 246
Recirculation Discharge 527 281 15 sec 59,040 246
281 223 35 sec 5,966 58
223 50 Step 90 sec 173
Duration
50 130 Step 80
Bottom Drain 527 281 15 sec 59,040 246
281 273 35 sec 822 8
273 50 Step 90 sec 223
Duration
50 130 Step 80
Standby Liguid Control 50 130 Step 80
Core Spray 527 406 10 sec 43,560 121
406 50 Step 90 sec 356
Duration
50 130 Step g0
Feedwater 420 281 15 sec 33,400 139
CRDHS Relurn 50 50
Remarks: Reactor pressure decreases from 1038 psig to 35 psig in 15 seconds.

Rev. 49, 04/96
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TABLE 3.9-4 (Page 20 of 21)

APPLICABLE THERMAL TRANSIENTS

(BECHTEL CRITERIA)

1/2 SSE Cycles (Operating Basis Earthquake) Condition-Upset
e s eea— s S Samiisss e —————

Expected number of equivalent 1/2 SSE in life of pipe 5

system

Average duration of strong motion vibration 1/2 SSE 15 sec

Average number of maximum seismic load cycles of pipe

system for each 1/2 SSE 10

Total lifetime number of maximum seismic load cycles of

piping system 50
SSE Cycles (Design Basis Earthquake) Condition-Faulted

Expected number of equivalent SSE in life of pipe system 1

Average duration of strong motion vibration SSE 15 sec

Rev. 49, 04/96
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TABLE 3.9-4 (Page 21 of 21)

APPLICABLE THERMAL TRANSIENTS

{GENERAL ELECTRIC CRITERIA)
FOR NSSS PIPING
1. 1/2 SSE Cycles Condition - Upset

ﬂ

: i
Expected number of equivalent 1/2 SSE in life 1
of pipe system
Average duration of strong motion vibration 30 sec
1/2 SSE

Average number of maximum seismic
load cycles of pipe system for each 1/2 SSE 10

Total lifetime number of maximum seismic
load cycles of piping system 10

2, SSE Cyecles Condition-Faulted

Expected number of equivalent SSE in life of 1

pipe system

Average duration of strong motion vibration 30 sec
SSE

Average number of maximum seismic |
load cycles of pipe system for each SSE 1

Total lifetime number of maximum seismic
load cycles of piping system 1

3. Turbine Stop Valve* Closure (TSVC) Condition-Upset 120 cycles

4. Relief Valve Lift* (RVL) Condition-Upset 20,100 cycles

* not applicable to recirculation piping due to negligible effect.

Rev. 49, 04/96
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Security-Related Information
Text Withheld Under 10 CFR 2.390
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WABLE 3.9-6

DESIGN LOADING COMBINATIONS FOR ASME CODE
: GLASS 1, 2, AND 3 COMPONENTS
INON-NSS$S)

W Lo
I Condition ' Design Loading Combinations(1)
Design PD

Normal PD + DW
Upset {a) PO + DW + (OBE® 4+ SRV x21/2
{b) PO + DW + [RVC?! + OBE%1/2
{cy PO + DW + FV
(d PO + DW + DBE + RVO
Emergency (a) PO + DW + {OBE® + SRV, + SBA%1/2
(6] PO + DW 4 (FV? 4+ OBEY)1/2
Faulted (a} PO + DW + (OBE? + SRV + IBAY1/2

(b) PO + DW + (SSE® + SRVZ, + IBA%1/2
{c} PO + DW + [SSE? + DBA/2

NOTE: (1) As required by the appropriate subsection, i.e. NB, NC, or ND, of ASME Section NI
Division L. Other loads, such as loads from thermal transiant, thermal gradients, and
the anchor point disptacement portion of the OBE or SRV may require conslderation
in addition to those primary stress-producing loads listed.

Legend: PD -
PO -
bW .
OBE
SS8E
SRV, -
SAV,ps -
SBA .
IBA -
DBA -
Fv .

RvC -

RVO -

Design Pressure

Operating Pressure

Dead weight

Operating basis earthquake (inertia portion)

Safe shutdown earthquake (inertia portion)

Loads due to Safety Ralief Valve Blow - Axisymmetric or Asymmaetric
Loads due to Automatic Depressurization SRV Blow-Axisymmetric

Small Bresk Accident

Intermediate Break Accident

Design Basis Accident

Transient response of the piping system associated with fast valve closure.
Transients associated with valve closure time less than b seconds are
considered.

Transient response of the piping system associated with relief valve
opening in a closed system.

Sustained load or response of the piping system associated with relief valve
opening in an open system or last segment of the closad system with
steady state load.

SBA, IBA, end DBA include all event induced loads, as applicable, such as chugging.
condensation oscillation, pool swell, drag loads, annulus pressurization, etc.

For the NSSS load combination, sea Table 3.9-2.

Rev. 47, 06/94
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“TABLE 3.9-.7 -
< DESIGN CRITERIA FOR ASME CODE CLASS T VALVES
* {NON-NSSS)
Condition Stress Limits
Design NB-3521"

Norma! and Upset | NB-3200 or NB-3500"
{Standard Design Rules)

Emergency™ NB-3526"
Faulted? NB-3527%

M As gpecified by ASME Code Section lll, 1871 thru Winter 1972 Addenda.

@ Where valve function must be ensured {active valve) during the emergency or faulted
conditions, the specified emergency or fauhied condition for the plant shall be considered the
normal condition for the valve.

®  As specified by ASME Code Section I, 1971, Winter 1973 Addenda.

Rev. 47, 06/94
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{VABLE 3.9-8

_ DESIGN CRITERIA FOR ASME CODE CLASS 2 AND 3 VESSELS DESIGNED

. Y0 NC-3300 aND ND-3300

Condition

Stress Limits™*

ISS ]
RN s MRS

Design and Normal

The vessel shall conform to the requirements of NC-3300 snd ND-3300.

Upset, Emergency,
and Faulted

The vessel shall conform to the requirements of ASME Code Case 1607-1.

M As specified by ASME Code Section ﬁl, 1971 thru 1972 Winter Addenda.
@ For the Diesel Generator E Facility, the design criteria for class 3 vessels Is governed by
ASME code, Section lll, 1980 edition through summer 1981 addenda.

Rev. 47, 06/94
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: TABLE 3.9-9 |

. DESIGN CRITERIA FOR ASME CODE CLASS 2 VESSELS

! DESIGNED TO ALTERNATE RULES OF NC-3200
’ . 1 of2

Condition

| Stress Limits{'X2)
Design and Normal The vessel shall conform to the requirements of
NC-3200.
Upset® P, <38,
P, <118,
(Em orP)+P, <165§,
Emergency P, = greaterof 125, 0r 1.0 S,
(PnorP) + P, < greater of 1.8 §,
or15S,
Faulted ¢ P, <208,
(PhorP)+P, <24 S,_lL

(1)  Definition of symbols:

P, = General primary membrane stress Intensity. This stress Intensity is derived from
the average value across the sofid section under consideration. Excludes
discontinuities and concentrations. Produced only by pressure and other
mechanical loads. -

P, = Local primary membrane stress intensity. Same as P, except that discontinulties
@re considered.

P, = Primary bending stress intensity. Component of primary stress inlensity proportiona!
to distance from centroid of sofid section. Excludes discontinuities and
concentrations. Produced only by pressure and other mechanica! loads.

P, = Secondary stress intensity range. Developed by constraint of adjacent perts or by
self-constraint of a structure. Considers discontinulties but not concentrations.
Produced by mechanical loads and by thermal expansion.

S. = Design stress intensity value, Appendix |, Table 1-1.0.

] = Yield strength value, Appendix |, Table 1-2.0.

(2) These limits do not take into account elther local or general buckling that might occur In
thin-wall vessels. Such buckling shall be considered for upset conditions, but need not be
considered for emergency ofr faulted conditions unless required by the design specification.

Rev. 47, 06/94
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TABLE 3.9-9

DESIGN CRITERIA FOR ASME CODE CLASS 2 VESSELS
DESIGNED TO ALTERNATE RULES OF NC-3200

Page 2 of 2

Condition | Stress Limits(1X2) _]

{3) Fatigue analysis requirements of NC-3218 and Appendix XIV shall also be considered.

4 As an alternative to satisfying these limits, the faulted condition stress limits of Appendix F
may be applied provided that a complete analysls In accordance with NC-3211.1(c) is
perfformed.

Rev. 47, 06/%54
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. TABLE 3.9-10

DESIGN CRITERIA FOR ASME CODE CLASS 2 AND 3 PIPING

Condition Stress Limits!!)
Design, NorEaI. Upset, and The piping shall conform to the requirements of Section I,
Emergency @) paragraphs NC-3600 and ND-3600.
Faulted® The piping shall conform to the requirements of ASME Code
Case 1606.

(1) As specified by ASME Code Section Ill, 1871 through 1872 Winter Addenda. For diesel
generator 'E’ facility piping on the auxiliary and air start skids the applicable code is ASME
Section 111, 1880 through Summer 1981 Addenda. See Table 3.2-3 for later code editions
used for snubber elimination or other piping modifications.

@) Functional capability of essential piping will be assured per Rodabaugh Criteria for
emergency and faulted conditions only, Ref. 3.9-8,

Rev. 47, 06/94
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TABLE 3.9-11

" DESIGN CRITERIA FOR ASME CODE CLASS 2 AND 3 PUMPS

Stress Limits™@H3)

Design and Normal The pump shall conform to the requirements of Section lil,
Paragraphs NC-3400 and ND-3400.

Upset, Emergency™ and Faulted™. | The pump shall conform to the requirements of ASME Code
Case 1636-1.

(1) Where pump function must be ensured (active pumps) during the emergency or faulted
condition, the pumps nozzie loads due to the specified emergency or faulted plant
conditions shall be considered in satisfying the normal condition stress limits for the pump.

(2)  As specified by ASME Code Section Ill, 1971 and Winter 1872 Addenda.

3) For pumps mounted on the diese! generator 'E" auxiliary skid, the design criteria is
govemed by ASME Code, Section lll, 1880 edition through Summer 1681 Addenda.

Rev. 47, 06/94
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ITABLE 3.9-12
- DESIGN CRITERIA FOR ASME CODE CLASS 2 AND 3 VALVES
" Condition Stress Limits@X%)
Design and Norma! The valve shall conform to the requirements of Section I,
Paragraphs NC-3500 and ND-3500.
Upset, Emergency® and Faulted" The valve shall conform to the requirements of ASME Code
Case 1635-1.

m Where vaive function must be ensured (active valve) during the emergency or faulted
condition, the specified emergency or faulted conditions for the plant shall be considered as
the normal condition for the vaive.

(2) As specified by ASME Code Section (1i, 1971 and Winter 1872 Addenda.
(3) For valves supplied on the diese! generator ‘E’ auxiliary and alr start skids, the design

criteria is governed by the ASME Code, Section lll, 1980 edition through Summer 1881
Addends.
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TABLE 3.8-14

DESION LOADING COMBINATIONS FOR SUPPORTS FOR ASME CODE
CLASS 1, 2, AND 3 COMPONENTS™

{WON-NSSS)
i S WU . GO0 ] Miawaily Srress” D
Hydrostatic Test {a] HTDW 0.8 Sy*
Normal and Upset | (a) DW + TH + {OBE? + SRV?)1/2 S,

(b DW + TH + (RVC? + OBE}1/2
{c) DW + TH + FV
(d) DW + TH + OBE + RVO

Emergency (a) DW + TH + (OBE? + SRV, + SBAY1/2 1885,
(b) DW + TH + (OBE* + FV)1/2

Faulted (a) DW + TH + (SSE? + SRVps + IBA%1/2
(b) DW + TH + (OBE? + SBV’m + IBAY1/2 0.9 Sy

(c) DW + TH + (SSE? + DBA}1/2

*  Snubbers, compensating struts and struts comply with all the requirements of ASME Section
fll, Subsection NF. (They are not commercially avallable to the requirements of ANSI B31.1.)

NOTES: {1) Loads due 10 OBE, SSE, SRV,, SRV, SBA, IBA and
DBA include both Inertia portion and anchor motion
portion when response spectra method is used. The
loads from inertia portion and anchoer motion are
combined by the method of Square Root of the Sum of
Squeres (SRS5S).

(2]  The allowable stress shall be limited to two-thirds of the
critical buckling stress.

{3]  Supports on the diesel generator E and eir start ekids comply
with all the requirements of ASME, Section Ill, Subsection JF,
1980 edition through Summer 1981,

Legend: HTDW

Piping dead weight due to hydrostatic test

TH - Reaction st the support due to thermal expansion of
the pipe
Sy - Yield stress

S, - Allowsble stress per ANSI B31.1

See Table 3.9-6 for additional nomenclature.
See Table 3.9-2 for NSSS support.

Rev. 47, 06/94
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TABLE 3.9-16

VALVE QUALIFICATION TEST RANGE

30 | 36

28

26

24

a2

20

18

16

14

10

Qualification Extends To These Valve Sizes
12

18

‘0 ;:."_
12

16

48

20

2q

24

28
80

47, 06/94
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NIMS Rev. 48
Table 3.9-18
SUMMARY COMPARISON - PROJECT SPECIFICATOIN — 10,
“GENERAL PROJECT REQUIREMENTS FOR A SEISMIC DESIGN AND
ANALYSIS OF CLASS 1 EQUIPMENT AND SUPPORTS"*
| SPEC. G-10 IEEE-344-1975 REMARKS
1. Analysls

Equipment is classified as (1) structurally simple and (2) structurally
complex. Structurally simple equipment is one which can be
adequately represented as a single degree of freedom system or
equipment whose fundamental frequency is greater than 33 ¢cps.
Otherwise the equipmenl is structurally complex.

For equipment which is structurally simple duae to single degree of
freedom system the seismic load consists of a static load
comresponding to the equipment weight limes lhe acceleralion
selected from the response spectrum curve for the natural
frequency of the equipment. If the equipment frequency is not
known the acceleration shall correspond to the maximum value of
the response specirum.

For equipment which is structurally simple due to fundamenlal
frequency grealer than 33 cps the seismic load shall consist of a
static load coresponding to the acceleration at 33 cps selecled
from appropriate response spectrum curve with an increase of
50%.

There are two methods of analysis; one approach is based upon
equivalent static analysis and the other on dynamic analysis. For
the static coefficient analysis, no determination of natural frequency
is made bul the response of equipment is assumed to be the peak
of the RRS al a conservative value of damping multiplied by a slatic
coefficient of 1.5 to take into account the effects of both
multifrequency excitation and multifrequency response. A lower
value of static coefficient can be used, if it can be shown to yield
conservative results.

For the dynamic analysis the equipment shall be modaled to best
represent its mass distribution and stiffness characteristics, and this
model is used to determine if the equipment is rigid or flexible. If
there Is no response in the frequency range below the high-
frequency asymptote (ZPA) of the RRS, il is considered rigid. Then
the seismic forces on each companent of the equipment are
obtained by concentrating its main at lts center of the gravity and
multiplying the values of main and the appropriate maximum floor
acceleration. If flexible, the model can be analyzed using response
speclrum model analysis lechnique or time history analysis. The
response of interesl is determined by combining each model
response considering all significant modes by SRSS. The absalute
sum of similar effects should be considered for closely spaced
modes which are those with frequencies differing by 10% or less.

In the analysis the eflects of each of the two major horizontal
directions and the vertical direction should be considered.

Reg. Guide 1.100 Rev. 1 of August 1977 indicales that the static coefficient of
IEEE-344-1975 of 1.5 is acceptable for verifying structural integrity of frame type
stiuctures such as columns, beams that can be represented by a simple model.
For equipment having conligurations other than frame typa structure justilication
should be provided for the use of static coefficient.

* The siesmic design of the deisel generator 'E” facility contirms 1o project specification C-1041 or Cooper Energy Services Standard No. DS-140 and IEEE Standard 344-75 in liou of project specification G-10.

Rev. 55
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Table 3.9-18

SUMMARY COMPARISON - PROJECT SPECIFICATOIN - 10,
“GENERAL PROJECT REQUIREMENTS FOR A SEISMIC DESIGN AND
ANALYSIS OF CLASS 1 EQUIPMENT AND SUPPORTS™

SPEC. G-10

IEEE-344-1975

REMARKS

For equipment which is structurally complex for the analysis
purposes, the equipment shall be idealized by a lumped mass
model. Frequencies and mode shapes are determinad for the
vertical, and two orthogonal horizontal directions. Spectral
acceleration per mode shall be oblained from appropriate response
spectrum curves, the value chosen (0 be the largest value on the
curve when the frequency is varied by £0%. The results of the
individual modes shall be combined by the square root of sum of
the squares method. For closely spaced modes which have
frequencies that do nol differ by more than 10% the responses of
all these modes are combined by sum of the absolule values before
combining with other modes by SRSS method.

2. Damping

The damping values specified are 1/2 % for OBE and 1% for SSE
in the response curves altached with the material requisition and
equipment specifications. |f {there is evidence (such as test resulls)
of ditferent damping values these can be used.

The allowable damping values for the equipment are 2% for the
OBE and 3% for SSE. Damping values higher than these can be
used if justified by documented test dala. If equipment damping is
not known a value of 5% is recommended.

Reg. Guide 1.61 lor equipment also allows damping values of 2% for OBE and 4%
for SSE and higher values are permitted in a dynamic seismic analysis for
documented tes! data are provided.

3. Testing

Tesling for both OBE and SSE loads musl be done unless it can be
shown for a particular item that the SSE is a mare severe condilion
than the OBE,

Seismic qualifications tesls designed to show adequacy of
performance during and following a SSE must be preceded by one
or more OBE test. The number of tests shall be justified for each
site or shall produce the equivalent effect of 5 OBE's.

4, Testing

Perform frequency sweep al line amplitude acceleration input
varying frequency (al sweep rate of 1/6 of forcing frequency per
minute) and determine all resonant frequencies below 33 cps and

first resonant frequency above 33 cps if below 65 cps.

Exploratory test may be run in the form of low level continuous
sinusoidal sweep (such as 0.2g) al a rate no greater than 2 octaves
per minute over the frequency range equal to or greater than that to

which the equipment is to be qualified.

Rev. 55
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Table 3.9-18
SUMMARY COMPARISON - PROJECT SPECIFICATOIN - 10,
“GENERAL PROJECT REQUIREMENTS FOR A SEISMIC DESIGN AND
ANALYSIS OF CLASS 1 EQUIPMENT AND SUPPORTS™
SPEC. G-10 |IEEE-344-1975 REMARKS
5. Testing

Input acceleration, a, for each of horizontal and vertical directions at
each reasonanl (frequency is determined by, a = 1.5 x 1-(ff/fe) - Sa
where, SA is spectral response acceleration for equipment
frequency fe. and ff is the forcing frequency of the shaking device
(f 0.8 te). The factor 1.5 is used to account for the possible
excitation of other modes.

The maximum acceleration of shake lable should be at least equal
to ZPA on RRS. For equipment with mare than one predominant
frequency the shake motion should provide TRS acceleration at the
test frequency of 1.5 times that of RRS or less if justified. The
chaice of the preceding factor (with largest values of 1.5) is
applicable to broadband RRS. As a consequence the TRS need
nol envelope RRS provided proper justification is glven.

Reg Guide 1.100 indicates that the use of factor 1.5 in IEEE-344, and the concep!
that TRS need not envelope the RRS as a consequence of using 1.5 should not, in
the absence of justitication, be considered acceptable.

6. Tesling

Duration of excitation of the input acceleration shall not be less than
30 seconds.

The duration of each test shall be least equal the strong motion
portion of the original time history used to obtain RRS for the SSE.

The duralion of design earthquake for the Susquehanna project is 20 seconds.

Rev. 55
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TABLE 3.9-20
BOP PIPING SYSTEMS POWER ASCENSION TESTING Page 10of5
Piping System Code(s) SC/HE/ME Temp. > 200°F Thermal Expansion Oynamie Transient Steady State Vibration Remarks
()] Test(2) Test (3) Test (4)
Main Steam ASME It - 2 Yes Yes Yes Yes Main Stop Valve Closure and SRV
B31.1 Opening Transients
scu
HE
Extraction Steam B31.1 Yes NIA(S) N/A N/A
scil
HE
Condensate & Refueling B831.1 No N/A N/A N/A
Water Storage sci '
ME
Feedwalter ASME Il - 1,2 Yes Yes Yes Yes Power Ascension Tesl for Safety Related
B31.1 Piping Portion Only
HE, SCI
SCll
Air Removal and Seal B31.1 Yes NIA N/A N/A
Steam SCHt
HE
Service Water ASME 1-2,3 No N/A N/A N/A A Portion of the System has
B31.1 Temperalure >200°F But is Less than
sSCl&scCH 300°F
ME
Raw Water Treatment B31.1 No N/A N/A NIA
SC it
ME
Lube Oil & Diesel Oil ASME 11 -3 No N/A NIA N/A
Storage & Transfer B831.1
SCi&n
ME
Auxiliary Stearn B31.1 Yes N/A N/A N/A
SCILHE

FSAR Rev. 58
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TABLE 3.9-20
BOP PIPING SYSTEMS POWER ASCENSION TESTING Page 20of 5
Piping System Code(s) SCIHE/ME Temp. > 200°F Thermal Expansion Dynamic Transientl Steady State Vibration Remarks
(1) Test {2) Test (3) Test (4)
Fire Protection SCIl, ME No NIA NfA N/A
Process Sampling B31.1. No N/A N/A N/A
SC I, ME
Chlorination B31.1,SCl No N/A NIA NIA
ME
Compressed Air B31.1,8C1l No N/A N/A NIA
ME
Instrument Gas ASME 11 - 2,3 No NIA N/A N/A
B831.1,8C) ]
SCIl, ME
Feed Pump Turbine B314,8CH Yes WA NIA WA
Steam HE
Makeup Water B31.1,8CH o N/A NIA N/A
ME
Valve Sleam Leakoff B31.1SCHI Yes N/A N/A N/A
HE
Acid Injection B31.1,8CH No N/A N/A NIA
ME
Hydrogen Storage B831.1, SCHl, ME No N!A N/A N/A
Diesel Engine Auxiliaries | ASME il - 3 Yes Yes'® N/A N/A Emergency Diesel Exhausi Has
B31.1,SCI&Il, ME T >300°F and Thermal Expansion Test
Periormed
(Seas Remarks)
MS8IV Leakage Control ASME It - 1,2 Yes NIA N/A NIA
B31.1, 8C1H
SCil, HE )
Reactor Recirc B31.1,8CHl No N/A NIA N/A
Motor/Generator ME
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TABLE 3.9-20
BOP PIPING SYSTEMS POWER ASCENSION TESTING Page 3 of 5
Piping System Code(s) SC/HE/ME Temp. > 200°F Thermal Expanslaon Oynamic Translent Steady State Vibration Remarks
(1) Test (2) Test (3) Test {4)
High Pressure Coolant ASME lll- 1,2 Yes Yes Yes Yes HPCI Turbine Stop Valve Closure
Injection B831.1,8C1 Transients for Steam Supply, Steady
SC I, HE, ME State Vibration for Steam Supply and
! Turbine Exhaust HPC! Pump Suction
and discharge lines under steady state
vibration.
Reactor Core Isolation ASME Il - 1,2 Yes Yes NIA Yes Steady State Vibration for RCIC Steam
Cooting B31.1,8C1 Supply and Turbine Exhaust RCIC pump
SC i1, HE, ME suction and discharge piping under
steady slate vibration lesl
Reaclor Waler Cleanup ASME 1 -1,2 Yos Yes “NIA ves™® Steady Slate Vibealion for RWCU Line
B31.1,8CI Inside Containment
SC I, HE, ME
Residual Heat Removal | ASME Il -1.2.3 Yes Yes N/A ves' Majority of the System has Nomal
{Includes Head Spray) B31.1,8CI&I, Operaling Temperature less than 300F.
HE, ME Thermal Expansion Tests are done for
SCI Syslems WAA T >300¢F. Steady
State Vibration for Inside Containment
Piping and RHR Pumnp Dischame.
(Seo Remarks)
Cleanup Filler ASME 11 -2 No NIA NIA N/
Deminesalizer B31.1,8C Il
ME
Control Rod Drive ASME Il - 2 No NIA NIA Yes® CRO inser/withdrawal pipe.
B31.1.8C I, SCIl,
ME
Standby Uiguid Control ASME Il - 1,2 | Mo NIA WA NIA Only a small portion of the Line near
B31.1,8C18 1, RPV nas Temperalure >200°F
HE, ME o =
(See Remarks)
Core Spray ASME Ill - 1,2 Yes Yest” NIA ves' Steady State Vibration For Core Spray
B31.1.SCL&1I Pump Discharge.
HE, ME - (1 i S e i

FSAR Rev. 58
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TABLE 3.9-20
BOP PIPING SYSTEMS POWER ASCENSION TESTING Page d of 5
Plping System ! Code(s} SC/HE/ME Yemp. > 200°F Thermal Expansion Dynamic Translent Steady State Vibration Remarks
(1 Test (2} Test (3) Test (4)

Fuel Pool Cooling. ASME it - 3 No N/A N/A NIA
Cleanup & Demineralizer | B31.1,SCI

SC I, ME
Containment ASME Il - 2 No N/A N/A N/A
Atmospheric Control B31.1,8CI1&1

ME
Solid Radwaste and B31.1 No N/A N/A NIA
Radwaste Solidification SCH

ME
Oft-Gas Recombiner ASME II} - 3 Yes N/A NIA NIA

B831.1,8C)

SC I, HE
Armbien! Temperalure B831.1,8C1l No NIA NiA NIA
Charcoal Off-Gas ME
Trealment
Chilled Water ASME Il - 3 No NiA N/A NIA

B31.1.SCI

SC Il ME
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TABLE 3.9-20
BOP PIPING SYSTEMS POWER ASCENSION TESTING Page5of 5
Piping System Code{s) SC/HE/ME Temp. > 200°F Thermal Expansion Dynamic Transient Steady State Vibration Remarks
{1) Test (2) Test (3) Test (4)

NOTES: (1} Code(s):

HE:
ME:

SClorll

ASME [l Boiler and Pressure Vessel Code, -1, -2, or -3 Denotes Nuclear Class 1, 2 or 3 Piping.
Denote Seismic Category | or |l
Denotes High Energy Piping System i.e. Pressure »275 PS| or Temperature >200° During Normal Plant Operation
Denaotes Moderate Energy Piping System

(6) Test may be done during Peroperational Test Program.

(7) For the effect of RPV expansion only. No flow in the Core Spray line.

(2) Thermal Expansion Tests for the indicated systems corresponds (o test description ST-38, Chapter 14.
(3) Dynamic Transient Tests for the indicated systems corresponds to test description ST-39, Chapter 14.
(4) Steady State Vibration Tesls for the indicated systems comesponds to test description ST-40, Chapter 14.

(5) N/A - Denotes Not Applicable and it means test is not performed for the reasons given below:

A) For Thermal Expansion Tests: Either the system is not safety-related ar the normal operaling temperature is less than 300<F.
B} For Dynamic Transient Test: Either the system is not safety-related or the syslem daes not experience any significant transients.
C) For Steady-State Vibration Tests: Eilher the system is not safety-related or no significant vibration is expected.
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REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY

SSES-FSAR

TABLE 3.9-2a

ASME B&PV CODE SEC. llI LOADING PRIMARY STRESS ALLOWABLE MAXIMUM
SUBSECTION NB PRIMARY TYPE STRESS CALCULATED
STRESS LIMIT CRITERIA -(psi) STRESS (psi)
(i) VESSEL SUPPORT SKIRT
MATERIAL: SA-516 GR-70
A. NORMAL & UPSET CONDITION:

Pm<Sm 1. Deadweight PRIMARY MEMBRANE 19,150 14,566 U1
Sm = 19,150 @ 575°F 2. Pressure < 14,566 U2
Pm+P,<1.58m 3. OBE PRIMARY MEMBRANE 28,725 20,330 U1
1.5 8Sm = 28,725 @ 575°F 4. SRV PLUS BENDING <20,330 U2

B. EMERGENCY CONDITION:
Pn < Sy 1. Deadweight PRIMARY MEMBRANE 29,425 20,565 U1
Sy = 29,425 @ 546°F 2. Pressure < 20,565 U2
Pm+P,<1.58y 3.DBA PRIMARY MEMBRANE 44,150 29,377 U1
1.5 Sy = 44,138 @ 546 °F 4. SRV PLUS BENDING <29,377 U2
C. FAULTED CONDITION:
Pmn<2.48Sm 1. Deadweight PRIMARY MEMBRANE 45,960 36,410
2.4 Sm = 45,960 @ 546°F 2. Pressure
Pm+ P, <3.6 Sm 3. Annulus PRIMARY MEMBRANE 68,940 60,570
3.6 Sm = 68,940 @ 546°F PLUS BENDING
Pressurization
4. SSE
5. LOCA

D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR: 0.913 U1 and 0.888 U2 At Skirt Base Junction These
CUFs account for the original 40-year plant design. During the period of extended operation, actual fatigue design
margins are periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program.
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Table Rev. 54
TABLE 3.9-2a (Continued)
REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY
ASME B&PV CODE SEC. Il LOADING PRIMARY STRESS ALLOWABLE MAXIMUM
SUBSECTION NB PRIMARY TYPE STRESS CALCULATED
STRESS LIMIT CRITERIA ~(psi) STRESS (psi)

(i) SHROUD SUPPORT

MATERIAL: INCONEL SB-168

A. NORMAL & UPSET CONDITION:

Pm <Sm 1. Deadweight | PRIMARY MEMBRANE 23,300 7,600
Sm = 23,300 @ 575°F 2. Pressure
Pm + P, <1.5Sm 3. OBE PRIMARY MEMBRANE 35,000 11,600
1.5 Sm = 34,950 @ 575°F 4. SRV PLUS BENDING
B. EMERGENCY CONDITION:
Pm < Sy 1. Deadweight | PRIMARY MEMBRANE 35,000 7,600
Sy =28,125 @ 575°F 2. Pressure
Pm + P, <1.5Sy 3. SBA PRIMARY MEMBRANE 54,400 11,600
1.5Sy=42,188 @ 575°F 4. SRV PLUS BENDING
C. FAULTED CONDITION:
P, < Sy 1. Deadweight | PRIMARY MEMBRANE 35,000 15,300
Sy =28,125 @ 575°F 2. Pressure
Pm + Py, <1.5 Sy 3. Annulus PRIMARY MEMBRANE 52,400 23,400
1.5Sy=42,188 @ 575°F Pressurization PLUS BENDING
4. SSE

D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR: 0.41 At Vessel - Support Plate Junction. This CUF
accounts for the original 40-year plant design. During the period of extended operation, actual fatigue design margins
are periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program.

“ Emergency allowable values used.
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REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY

SSES-FSAR

TABLE 3.9-2a (Continued)

ASME B&PV CODE SEC. Il LOADING PRIMARY STRESS | ALLOWABLE MAXIMUM
SUBSECTION NB PRIMARY STRESS TYPE STRESS CALCULATED
LIMIT CRITERIA (psi) STRESS (psi)
(i) RPV FEEDWATER NOZZLE
MATERIAL: SA 508 CL. I.
A. NORMAL & UPSET CONDITION:
P, <Sm 1. Deadweight | PRIMARY MEMBRANE 17,700 14,200
Sm =17,700 @ 525°F 2. Pressure
P. + Py, <1.5Sm 3. OBE PRIMARY MEMBRANE 26,550 19,700
1.5 Sm = 26,550 @ 525°F 4. SRV PLUS BENDING
B. EMERGENCY CONDITION:
Pm < Sy 1. Deadweight | PRIMARY MEMBRANE 26,500 15,600
Sy = 25,900 @ 594°F 2. Pressure
Pm+ P, <1.5Sy 3. SBA PRIMARY MEMBRANE 39,800 20,800
1.5 Sy = 38,850 @ 594°F 4. SRV PLUS BENDING
C. FAULTED CONDITION:
P.<3.0Sm 1. Deadweight | PRIMARY MEMBRANE 53,100 28,300
3.0 Sm =53,100 @ 575°F 2. Pressure
P +Py, < 1.5 Sy 3. LOCA PRIMARY MEMBRANE 39,800 20,800
1.5 Sy = 38,850 @ 594°F 4. SSE PLUS BENDING

D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR: 0.82 At Safe End. This CUF accounts for the original
40-year plant design. During the period of extended operation, actual fatigue design margins are periodically

evaluated in accordance with the Plant Transient and Fatigue Monitoring Program.

@

Without Thermal Bending.
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Table Rev. 54
TABLE 3.9-2a (Continued)
REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY
ASME B&PV CODE SEC. llI LOADING PRIMARY STRESS ALLOWABLE MAXIMUM
SUBSECTION NB PRIMARY STRESS TYPE STRESS CALCULATED

LIMIT CRITERIA (psi) STRESS (psi)

(iv) IV CRD PENETRATION - CRD HOUSING

MATERIAL: TYPE 304SS

A. NORMAL & UPSET CONDITION:

Pn<Sm 1. Deadweight | PRIMARY MEMBRANE 16,600 8,506
Sm = 16,600 @ 575°F 2. Pressure
Pn+ Pp,<1.5Sm 3. OBE PRIMARY MEMBRANE 24,900 8,480
1.5Sm =24,990 @ 575°F 4. SRV PLUS BENDING
B. EMERGENCY CONDITION:
Pn<1.2Sm 1. Deadweight | PRIMARY MEMBRANE 19,920 12,470
1.2 Sm = 20,000 @ 575°F 2. Pressure
Pn+ P, <1.8Sm 3. SRV PRIMARY MEMBRANE 29,880 12,710
1.8 Sm = 30,000 @ 575°F 4. SBA PLUS BENDING
C. FAULTED CONDITION:
Pn<2.4Sm 1. Deadweight | PRIMARY MEMBRANE 39,840 12,470
2.4 Sm = 39,984 @ 575°F 2. Pressure
Pn +P, < 3.6 Sm 3. LOCA PRIMARY MEMBRANE 59,760 12,710
3.6 Sm = 59,975 @ 575°F 4. SCRAM PLUS BENDING
5. SSE

D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR: 0.208 at Lower CRD Housing. This CUF accounts for
the original 40-year plant design. During the period of extended operation, actual fatigue design margins are
periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program.
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REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY

SSES-FSAR

TABLE 3.9-2a (Continued)

ASME B&PV CODE SEC. llI LOADING PRIMARY STRESS ALLOWABLE MAXIMUM
SUBSECTION NB PRIMARY TYPE STRESS CALCULATED
STRESS LIMIT CRITERIA -(psi) STRESS (psi)
(v) CRD PENETRATION - STUB TUBE
MATERIAL: SB-167 INCONEL
A. NORMAL & UPSET CONDITION:
Pn<Sm 1. Deadweight | PRIMARY MEMBRANE 20,000 5,005
Sm = 20,000 @ 575°F 2. Pressure
Pn+ Pp,<1.5Sm 3. OBE PRIMARY MEMBRANE 30,000 28,200
1.5 Sm = 30,000 @ 575°F 4. SRV PLUS BENDING
B. EMERGENCY CONDITION:
Pn < Sy 1. Deadweight | PRIMARY MEMBRANE 24,100 6,755
Sy =24,100 @ 575°F 2. Pressure
Pn+ P, <1.58y 3. SBA PRIMARY MEMBRANE 36,150 30,260
1.5 Sy =36,150 @ 575°F 4. SRV PLUS BENDING
C. FAULTED CONDITION:
Pn<2.4Sm 1. Deadweight | PRIMARY MEMBRANE 48,000 6,755
2.4 Sm = 48,000 @ 575°F 2. Pressure
Pn +P, < 3.6 Sm 3. LOCA PRIMARY MEMBRANE 72,000 30,260
3.6 Sm =72,000 @ 575°F 4. SSE PLUS BENDING

D. MAXIMUM CUMULATIVE FATIGUE USAGE FACTOR: 0.36 At Bottom of Weld. This CUF accounts for the
original 40-year plant design. During the period of extended operation, actual fatigue design margins are periodically
evaluated in accordance with the Plant Transient and Fatigue Monitoring Program.
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Table Rev. 55
TABLE 3.9-2b
REACTOR INTERNALS AND ASSOCIATED EQUIPMENT
ASME B&PV CODE SEC. lll LOADING PRIMARY STRESS TYPE ALLOWABLE MAXIMUM
SUBSECTION NG PRIMARY STRESS CALCULATED
STRESS LIMIT CRITERIA (psi) STRESS (psi)

(i) TOP GUIDE - BEAM WITH HIGHEST STRESS

MATERIAL: SA-240 TYPE 304SS

A. NORMAL & UPSET CONDITION:

Pm<Sm 1. Normal PRIMARY MEMBRANE 16,950 2,770
Sm = 16,900 @ 550°F 2. Pressure
Pm+P,<1.5Sm 3. OBE PRIMARY MEMBRANE 25,430 11,500
1.5 Sm = 25,350 @ 550°F 4. SRV PLUS BENDING

B. EMERGENCY CONDITION:
Pm<1.5Sm 1. Normal PRIMARY MEMBRANE 25,430 730
1.5 Sm = 25,350 @ 550°F 2. Pressure
Pm + P, <2.25 Sm 3. Chugging PRIMARY MEMBRANE 38,140 9,600

PLUS BENDING
2.25 Sm = 38,025 @ 550°F 4. SRV

C. FAULTED CONDITION:

Pm<2.48Sm 1. Normal PRIMARY MEMBRANE 40,680 3,500
2.4 Sm = 40,560 @ 550°F 2. Pressure
Pm+P,<3Sm 3. SRV PRIMARY MEMBRANE 61,020 11,800
3 Sm =50,7000 @ 550°F 4. SSES PLUS BENDING

5. LOCA

D. MAXIMUM CUMULATIVE USAGE FACTOR: 0.22 At Beam-Slot Location This CUF was evaluated for the period of
extended operation and found to be acceptable.
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TABLE 3.9-2b (Continued)

REACTOR INTERNALS AND ASSOCIATED EQUIPMENT

ASME B&PV CODE SEC. IlI LOADING PRIMARY STRESS TYPE ALLOWABLE MAXIMUM
SUBSECTION NG PRIMARY STRESS CALCULATED
STRESS LIMIT CRITERIA (psi) STRESS (psi)
(i) CORE PLATE (LIGAMENT IN TOP PLATE)
MATERIAL: TYPE 304SS
A. NORMAL & UPSET CONDITION:
Pm < Sm 1. Normal PRIMARY MEMBRANE 16,900 783
Sm = 16,900 @ 550°F 2. Pressure
Pn+P,<1.5S8Sm 3. OBE PRIMARY MEMBRANE 25,470 10,140
1.5 Sm = 25,350 @ 550°F 4. SRV PLUS BENDING
B. EMERGENCY CONDITION:
Pm<1.5Sm 1. Normal PRIMARY MEMBRANE 25,350 647
1.5 Sm = 25,350 @ 550°F 2. Pressure
Pm + P, <2.25 Sm 3. Chugging PRIMARY MEMBRANE 38,200 12,460
2.25 Sm = 38,025 @ 550°F 4. SRV PLUS BENDING
C. FAULTED CONDITION:
Pm<2.4Sm 1. Normal PRIMARY MEMBRANE 40,560 9,570 "
2.4 Sm = 40,560 @ 550°F 2. Pressure
P +P,<3Sm 3. SRV PRIMARY MEMBRANE 61,020 15,710
3 Sm = 50,700 @ 550°F 4. SSE PLUS BENDING
5. LOCA

D. MAXIMUM CUMULATIVE USAGE FACTOR: 0.005 At Beam-Rim Junction. This CUF was evaluated for the period of
extended operation and found to be acceptable.

1)

Value is not given in New Loads Report. However, Primary and Bending Stresses are, and these are bounding.
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Table Rev. 55

TABLE 3.9-2b (Continued)

REACTOR INTERNALS AND ASSOCIATED EQUIPMENT

ASME B&PV CODE SEC. I LOADING PRIMARY STRESS ALLOWABLE MAXIMUM
SUBSECTION NG PRIMARY STRESS TYPE STRESS CALCULATED
LIMIT CRITERIA (psi) STRESS (psi)
(ii) VESSEL HEAD SPRAY NOZZLE
MATERIAL: CARBON STEEL SA508,CL1
A. NORMAL & UPSET CONDITION:
Pn<* 1. Normal PRIMARY MEMBRANE
Sm = 16,670 @ 575°f 2. Pressure
PL+P,<3.58m 3. OBE PRIMARY MEMBRANE 50,000 28,700
1.5 Sm = 50,000 @ 575°F 4. SRV PLUS BENDING
B. EMERGENCY CONDITION:
PL+ Py, <1.8Sm 1. Normal
1.8 Sm - 30,000 @ 575°F 2. Pressure
3. Chugging PRIMARY MEMBRANE 30,000 28,700
4. SRV PLUS BENDING
C. FAULTED CONDITION:
PL+ P, <3 Sm 1. Normal
3 Sm =50,000 @ 575°F 2. Pressure
PL+P,<38m 3. SRV PRIMARY MEMBRANE 50,000 28,700
3 Sm = 50,7000 @ 550°F 4. SSE PLUS BENDING
5. LOCA
D. MAXIMUM CUMULATIVE USAGE FACTOR: Satisfied per N-415-1
*  Not required per NB-3222.
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TABLE 3.9-2(c)

REACTOR WATER CLEANUP HEAT EXCHANGERS

Values within 10% '

] Part Required Thickness ’g:;igie Actual '!‘hickness
L . 2 psi) s |
3 ok ' REGENERATIVE CU HX
| Shell 858 15,000 1.156 |
' Shell head 704 17,500 1.0 |
| Channel shell 917 15,900 1.0 |
. Tubesheet 2.87 15,900 2.875* }
Tubes .084 14,025 085
Piping 240 15,000 337 |
Channel cover 3.53 17,500 3.75* ,
T ~:NON-REGENERATIVE CU HX |
“Shell 168 | 15000 375 |
Shell head 144 17,500 375 '_
| Channel shell 917 15,900 1.0* |
Channel cover 3.53 17,500 3.75* |
i Tubesheet 2.87 15,900 2.875* j
| Tubes 056 11,900 - 0.65 ]
Channel piping 240 15,000 337 |
' Shell piping 073 15,000 322 ‘
!
|

~ Rev. 53, 04/99
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Table Rev. 54
Table 3.9-2d
ASME CODE CLASS 1 MAIN STEAM PIPING AND PIPE MOUNTED EQUIPMENT —
HIGHEST STRESS SUMMARY — UNIT 1
ACCEPTANCE L MIT NG CALCULATED | ALLOWABLE RATIO LOADING IDENT FICATION
CRITERIA STRESS TYPE | STRESS OR LIMITS ACTUAL/ OF LOCATIONS OF
USAGE FACTOR ALLOWABLE HIGHEST STRESS
POINTS — NODG
POINT NUMBERS
ASME B&PV Code Section
111, NB-3600
Design Condition: Primary 26,473 psi 26,550 psi 0.997 1. Pressure M.S. Line ‘A’
Eq.9<158S, 2.  Weight Sweetpolet 543
3. OBE
Service Levels Secondary 27,403 psi 53,100 psi 0.516 1. Thermal M.S. Line ‘B’
A&B Sockolet 266
(Normal & Upset)
Conditions:
Eq.12<3.0 S
Service Levels Primary Plus 52,566 psi 54,252 psi 0.969 1. Pressure M.S. Line ‘D’
ASB Secondary 2. Weight Sweepolet 850
(Normal & Upset) (Except 3. OBE
Condition: Thermal 4. Operating
Eq.13<3.0 S, Expansion) transient
5. SRV
Service Levels N/A 0.8497* 1.0 0.8497 1. Pressure M.S. Line ‘D’
A&B 2. Thermal TTJ@
(Normal & Upset) 3. OBE Sweepolet 990
Conditions: 4. Operating
Cumulative Usage Transient
Factor 5. SRV
Service Level B Primary 27,770 psi 31,860 psi 0.872 1. Pressure M.S. Line ‘D’
(Upset) 2. Weight Sweepolet 850
Condition: 3. OBE
Eq9<18S,& 4. Operating
1.58, transient
5. SRV
Service Level C Primary 28,432 psi 39,820 psi 0.714 1. Pressure M.S. Line ‘D’
(Emergency) 2. Weight Sweepolet 880
Condition: 3. OBE
Eq.9<225S,& 4. Operating
188, transient
5. SRV
6. SBA
Service Level D Primary 57,585 psi 60,000 psi 0.960 1. Pressure M.S. Line ‘C’
(Faulted) 2. Weight Sweepolet 620
Condition: 3. SSE
Eq.9<3.0S, 4. LOCA
5.  Operating
Transient
6. IBA
7. SRV
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Table Rev. 54
Table 3.9-2d (Continued)
ASME CODE CLASS 1 MAIN STEAM PIPING AND PIPE MOUNTED EQUIPMENT — UNIT 1
COMPONENT HIGHEST ALLOWABLE RATIO LOAD NG IDENTIFICATION OF
LOAD TYPE CALCULATED LOAD CALCULATED/ EQUIPMENT WITH
LOAD ALLOWABLE HIGHEST LOADS
Snubber/ 27,693 50,000 0.554 1. Pressure M.S. Line ‘A’
Service Level 2. Weight (S035) H35
‘B’ Loads 3. OBE
4.  Operating
transient
Snubber/ 35,798 159,600 0.224 1. Pressure M.S. Line 'D’
Service Level 2. Weight (S038) H38
‘C’ Loads 3. SBA
4.  Operating
transient
Snubber/ 58,063 160,000 0.363 1.  Pressure M.S. Line 'D’
Service Level 2. Weight (S038) H38
‘D’ Loads 3. IBA
4. SSE
5. Operating
transient
SRV/Horizontal 3981¢g 5.29 0.766 1. Pressure Line C
Acceleration 2. Weight SRR Inlet
3. LOCA
4. SSE
SRV/Vertical 26509 449 0.602 1. Pressure Line B
Acceleration 2. Weight SRP Inlet
3. LOCA
4. SRV
MSIV Bonnet/ 7,682 b 41,221 b 0.186 1. Pressure Line A
Axial Force 2. Weight MSIV Bonnet
3. LOCA
4. SSE
MSIV Bonnet/ 1,242,707 1,589,000 0.782 1.  Pressure Line B
Bending Moment in-lbs in-Ib 2. Weight MSIV Bonnet
3. LOCA
4. SSE

* This CUF accounts for the original 40-year plant design. During the period of extended operation actual fatigue design margins

are periodically evaluated in accordance with the Plant Transient and Fatigue Monitoring Program.
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Table Rev. 54
Table 3.9-2e
ASME CODE CLASS 1 RECIRCULATION PIPING AND PIPE MOUNTED EQUIPMENT —
HIGHEST STRESS SUMMARY — UNIT 1
IDENTIFICATION
L MITING CALCULATED ALLOWABLE RATIO OF LOCATIONS OF
ACCEPTANCE CRITERIA STRESS TYPE STRESS OR LIMITS ACTUAL/ LOAD NG HIGHEST STRESS
USAGE FACTOR ALLOWABLE POINTS - NODG
POINT NUMBERS
ASME B&PV Code Section
111, NB-3600
Design Condition:
1. Pressure
Eq.9<158S, Primary 24,097 psi 25,013 psi 0.963 2. Weigh Loop 'B'
3. OBE E bow-784
Service Levels A & B
(Normal & Upset) Conditions:
Eq.12<3.0 S
Secondary 36,019 psi 50,025 psi 0.720 1. Thermal Loop 'B'
Weldolet 508
Service Levels A & B
(Normal & Upset) Condition:
Eq.13<3.0 S,
Primary Plus 49,544 psi 50,025 psi 0.990 1. Pressure Loop 'B'
Secondary 2. Weight TTJ@Valve
(Except 3. OBE End 782
Thermal 4. Operating
Expansion) Transient
5. SRV
Service Levels A & B
(Normal and Upset)
Conditions:
Cumulative Usage Factor N.A. 0.5555** 1.0 0.555 1. Pressure Loop 'B'
2. Thermal Half Coupling 727
3. OBE
4 .Operating
Transient
5. SRV
Service Level B (Upset)
Condition:
Eq.9<188S,&1.5S,
Primary 25,298 psi 27,750 psi 0.912 1. Pressure Loop 'B'
2. Weight E bow 784
3. OBE
4. Operating
Transient
5. SRV
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Table Rev. 54
Table 3.9-2e
ASME CODE CLASS 1 RECIRCULATION PIPING AND PIPE MOUNTED EQUIPMENT —
HIGHEST STRESS SUMMARY — UNIT 1
IDENTIFICATION
L MITING CALCULATED ALLOWABLE RATIO OF LOCATIONS OF
ACCEPTANCE CRITERIA STRESS TYPE STRESS OR LIMITS ACTUAL/ LOAD NG HIGHEST STRESS
USAGE FACTOR ALLOWABLE POINTS - NODG
POINT NUMBERS
Service Level C (Emergency)
Condition:
Eq.9<225S,&188S,
Primary 28,801 psi 33,300 psi 0.865 1. Pressure Loop 'B'
2. Weight Weldolet 508
3. OBE
4. Operating
Transient
5. SRV
6. SBA
Service Level D (Faulted)
Condition:
Eq.9<3.0S, Primary 41,019 psi 50,025 psi 0.820 1. Pressure Loop 'B'
2. Weight E bow 784
3 .LOCA
4. Operating
Transient
5. SSE
6. IBA
7. SRV
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Table Rev. 54
Table 3.9-2e (Continued)
ASME CODE CLASS 1 RECIRCULATION AND PIPE MOUNTED EQUIPMENT — UNIT 1
HIGHEST RATIO IDENTIFICATION OF
COMPONENT/LOAD TYPE CALCULATED ALLOWABLE CALCULATED/ LOADING EQU PMENT WITH
LOAD LOAD ALLOWABLE HIGHES<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>