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Docket No. 52-002

Attn: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: System 80+* Information for Issue Closure

Dear Sirs:

The attachments to this letter provide material to close follow-on
questions to DSER responses. Attachment 1 provides several minor revisions
to Chapter 4 that resulted from a recent consistency review for that
chapter. Based on our judgment and a discussion with Mr. L. Kepp of the
NRC, it is our belief that none of these revisions affects the conclusions
in the Advanced FSER. For example, changes to the fuc1 temperature
correlation on page 4.3-13 were made to be consistent with the correlation
that was actually used. Changes to Table 4.4-1 were faxed to tir. S. Sun
and transmitted separately in letter LD-94-015.

,

Attachment 2 transmits changes to Table 1.9-1 initiated by a request from
Mr. T. Boyce. The title for that table may be revised based on further
discussions with NRC.

Attachment 3 presents revisions to Certified Design Material related to
non-1E loads, Operations Support Center, Containment Spray and Service
Water Systems, and piping design. These revisions should be given to Mr.
T. Boyce.

Attachment 4 provides revisions to Section 14.2 of CESSAR-DC to be
consistent with the ITAAC change for containment spray in Attachment 3.

Attachment 5 transmits revisions to the references listed in Section 1.6
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of CESSAR-DC. Additional changes may be made after a consistency check
with the Advanced FSER.

!

If you have any questions, please call me or Mr. Stan Ritterbusch at (203) I

285-5206.

!
l

Very truly yours,

COMBUSTION ENGINEERING, INC.
,

*

C. B. Brinkman [~Acting Director
; Nuclear Systems Licensing
1

l
CBB/ser |
cc: J. Trotter (EPRI) |

T. Wambach (NRC) !

P. Lang (D0E) !
!
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' LIST OF FIGURES (Cont'd)

CHAPTER 4'

1

Fiqure Subiect
,

,
'

4.3-51 Reactivity Difference Between Fundamental and
Excited States of a Bare Cylindrical Reactor

:

4.3-52 Expected Variation of the Azimuthal stsbility
j Index, Hot Full Power, No CEAs

Xen.4
4.3-53 PSCEA-Controlled and Uncontrolled ' "4-1 !

::... .. I .. i : f " - " - Z O s c i l l a t i o n L

4.3-54 Rod Shadowing Effect vs Rod Position for Rod
,

j Insertion and Withdrawal Transient at Palisades

4.3-55 Typical Three Sub-channel Annealing
'

4.3-56 Geometry Layout

4.3-57 Comparison of Measured and Calculated Shape
.' Annealing Correlation for Palisades

DecAhbaAnm 64ec.t i

4.3-58 Typical Temperature Sei6eet vs Reactor Inlet g
) Temperature

4.3-59 hlcula asuremeM ITC Difference vs Soluble
Boron, a-u ROCS (DIT)<

i

! 4.3-60 (Deleted]

4.3-61 (Deleted]

4.3-62 A Divergent Axial (Xenon-Induced Power)
Oscillation in an EOC Core with Reduced Power
Feedback

dkeactivity Differenc%4.3-63 bamping Coefficient) vs
Between Fundamental and Excited States l

4.4-1 Core Wide Planar Power Distribution for Sample DNB
Analysis

4.4-2 Rod Radial Power Factors in Hot Assembly Quadrant
for Sample DNB Analysis

i
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4.2 FUEL SYSTEM DESIGN '

' '

] 4.2.1 DESIGN BASES
i

4.2.1.1 Fuel Assembly
4

i
'

The fuel assemblies are required to meet design criteria for each
design condition listed below to assure , that the functional ~'

requirements are met. Except where specifically noted, thei

design bases presented in this section are consistent with those4

; used for previous designs.

j A. Nonoperation and Normal Operation (Condition I)

Condition I situations are those which are planned or
expected to occur in the course of handling, initial'

| shipping, storage, reactor servicing and power operation
i (including maneuvering of the plant). Condition I

situations must be accommodated without fuel assembly;

: failure and without any effect which would lead to a
: restriction on subsequent operation of the fuel assembly.

The guidelines stated below are used to determine loads
,

during Condition I situations:
;

1. Handling and Fresh Fuel Shipping'

i Loads correspond to the maximum possible axial and
lateral loads and accelerations imposed on the fuel

,

; assembly by shipping and handling equipment during
these periods, assuming that there is no abnormal

,
~ contact between the fuel assembly and any surface, nor

any equipment malfunction. 4 |

| 2. Storage
4

| Loads on both new and irradiated fuel assemblies
j reflect storage conditions of temperature, chemistry,
1 means of support and duration of storage.
1

3. Reactor Servicing

Loads on the fuel assembly reflect those encountered
,

during refueling, inspection, and reconstitution.
Irradiation effects on material properties are
considered when analyzing the ef f ects of_ h_andling loads _
which_ occur during refueling. [ AdditiTanal informanon("

[ rega~rding shipping ~ahd hand.t.ing loads is contained in
{Section4.2.3.1.5. -- ---

k_
-

- -
--

Amendment 4. Y
4.2-1 J1. _ ::, '"o]
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D. Nomenclature

The symbols used in defining the allowab'le stress levels are
as follows:

N
P, = Calculated general primary membrane stress

Calculated primary bending stressP =
3

S, = Design stress intensity value as defined by Section
NIII, ASME Boiler and Pressure Vessel Code

Minimum unirradiated ultimate tensile strengthS =
o

F= Shape factor corresponding to the particular cross
Nsection being analyzed

S',= Design strer? intensity value for faulted conditions

The definition of S', as the lesser value of 2.4 S, and 0.7
S is contained in the ASME Boiler and Pressure Vessel Code,

o
Section III.

(a) P and P, are defined by Section III, ASME Boiler and Pressure
vessel Code.

(b) with the exception of zirconium base alloys, the ussign stress
intensity values, S., of materials not tabulated by the Code are
determined in the same manner as the Code. The design stress
intensity of zirconium base alloys shall not exceed two-thirds of
the unirradiated minimum yield strength at temperature. Basing

| the design stress intensity on the unirradiated yield strength is
j conservative because the yield strength of zircaloy increases
! with irradiation. The use of the two-thirds factor ensures 50s

-> " ^ "-nnent yielding in response to primary stresses.
This 50% marg gether with its application to the minimum

Iunirradiated pr erties and the general conservatism applied ingp the establishment of design conditions is sufficient to ensure an I

adequate design.

(c) The shape factor, F., is defined as the ratio of the " plastic" )
'

moment (all fibers just at the yield stress) to the initial yield
amount (extreme fiber at the yield stress and all other fibers
stressed in proportion to their distance from the neutral axis).
The capability of cross sections loaded in bending to sustain
moments considerably in excess of that required to yield the
outermost fibers is discussed in Timoshenko (see Reference 1).

!

|

|

l

WW4.2-5

-
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These new) data are shown in Figure 4.2-1, along with
O' Donne s curve and Weber's data. This curve was then

; adjusted because of dif ferences in anisotropy, stress states
|

and strain rates, and the design limit was set at it.
;

|
The conservatism of the clad strain calculations is provided
by the selection of adverse initial conditions and material

.

behavior assumptions, and by the assumed operating history.
The acceptability of the 1% unrecoverable circumferential*

strain limit is demonstrated by data from irradiated
Zircaloy-clad fuel rods which show no cladding failures (due
to strain) at or below this level, as illustrated in Figure

4 4.2-1.

C. The clad will be initially pressurized with helium to an
amount sufficient to prevent gross clad deformation under
the combined effects of external pressure and long-term

; creep. For conservatism, the clad design will not rely on
the support of the holddown spring in the plenum region.

p
4

| D. Cumulative strain cycling usage, defined as the sum of the
: ratios of the number of cycles in a given effective strain

range (.M ) to the permitted number (N) at that range, as,

taken from Figure 4.2-2, will not exceed 0.8.
:

The cyclic strain limit design curve shown on Figure 4.2-2
is based ugn the Method of Universal Slopes developed by
S. S. Manson (Reference 12) and has been adjusted to provide
a strain cycle margin for the ef fects of uncertainty and
irradiation. The resulting curve has been compared with
known data on the cyclic loading of Zircaloy and has been
shown to be conservative. Specifically, it encompasses all
the data of O'Donnell and Langer (Reference 13).

As discussed in Section 4.2.1.2.5, the fatigue calculation
; method includes the effect of clad creep to reduce the

pellet-to-clad diametral gap during that portion of,

operation when the pellet and clad are not in contact. The I

same model is used for predicting clad fatigue as is used |

for predicting clad strain. Therefore, the effects of creep |
|and fatigue loadings are considered together in determining

end-of-life clad strain. Moreover, the current fatigue ;

damage calculation method includes a factor of 2 which is
applied to the calculated strain before determining the

; allowable number of cycles associated with that strain.
This, in combination with the allowable f atigue usage f actor'

0.8, ensures a considerable degree of conservatism (see
Figure 4.2-2).

Amendment TP
4.2-10 Ay. 1 1, 1002

. - _ _ _ - _ _ _ - - _ _ _ _ _ _ _ - . _
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| where:

3C, = specific heat, BTU /f t - F; and,

| T = temperature, F.

4.2.1.2.4.5 Mechanical Properties

A. Young's Modulus of Elasticity
|

| The static modulus of elasticity of unirradiated fuel of 97%
TD and deformed under a strain rate of 0.097 hr'2 is given

;

by Reference 24:'

!
6

| E = 14.22 (1.6715 x 10 - 924.4T),
;

! where:

E = modulus of elasticity in psi; and,
T = temperature in C in the range of 1000 to 1700 C.

B. Poisson's Ratio 7j

e UO has a value ofThe Poisson's Ratio af polycrystal '
The same reference

2

0.32 at 25 C based on Reference
| notes a 10% decrease in value over the range of 25 to
| 1800 C. Assuming the decrease is linear, the temperature

dependence of the Poisson's Ratio is given by:

v = 0.32 - 1.8 x 10^5 (T-25),

where:

y = Poisson's Ratio
T = temperature in C in the range of 25 to 1800'C.

At temperatures above 1800 C, a constant value of 0.29 is
used for Poisson's Ratio.

I 4.2.1.2.5 Fuel Rod Pressurization
|

Fuel rods are initially pressurized witl helium for two reasons: |
'

|
,

A. To preclude clad collapse during the design life of the
fuel. The internal pressurization reduces stresses from
differential pressure, thus extending the time required to
produce clad collapse beyond the required service life of
the fuel; and,

I
|

Amendment t5-
4.2-17 R . ; ci ; _ '' 'm
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normal, upset and emergency loading combinations identified in
2 Sections 4.2.1.1 and 4.2.1.2 are highlighted as follows:
4

i A. During normal operating and upset conditions, the maximum
primary tensile stress in the Zircaloy clad shall not exceed
two-thirds of the minimum unirradiated yield strength of the,

| material at the applicable temperature.. The corresponding
,

a

|

4 limit under emergency conditions is. the material yield j
strength and the limit for faulted conditions is the smaller
of 1.6 times the yield strength and 0.7 times the ultimate
strength.

,

.

i B. Net unrecoverable circumferential clad strain shall not
i exceed 1% as predicted by computations considering clad

creep and poison pellet swelling effects.
;

i
! C. The clad will be initially pressurized with helium to an

amount sufficient to prevent gross clad deformation under~

the combined effects of external pressure and long-term
;

4 creep. For conservatism, the clad design will not rely on
thesupportoftheholddownspringintheplenumregion$ "M

;

4.2.1.3.2 Burnable Poison Rod Cladding Properties
4

Cladding tubes for burnable poison rods are purchased under the'

specification for fuel rod cladding tubes. Therefore, the
. mechanical, metallurgical, chemical, and dimensional properties'

of the cladding are as discussed in Section 4.2.1.2.2.
.

4.2.1.3.3 Al 0 -B C Burnable Poison Pellet Properties
2 3 4

| The Al O -B C burnable poison pellets used in C-E designed
2 3 4

' reactors consist of a relatively small volume fraction of fine
B C particles dispersed in a continuous Al 03 matrix. The boron

4 2
loading is varied by adjusting the B C concentration in the range j4

#. from 0.7 to 4.0 wt% (1.0 to 6.0 vol%). The bulk density of the !

Al O -B C pellets is specified. to be greater than 93% of the2 3 4
calculated theoretical density. Typical pellets have a bulk 1

density of about 95% of theoretical. Many properties of the
,

two-phase Al 0 -B C mixture, such as thermal expansion, thermal; 2 3 4
conductivity, and specific heat are very similar to the

: properties of the Al 0 major constituent. In contrast,2 ,3properties such as swelling, helium release, melting point, and
corrosion are dependent on the presence of B C. The operating4,

centerline temperature of burnable poison pellets is less than
1150*F, with a maximum surface temperature of 1090*F.

1

Amendment M
| 4.2-22 J.y. il 1, 100:

|
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-For definition of P, P, S, S',, S, and F,, see Section3

4.2.1.1.1. For the Inconel 625 CEA cladding, the value of S, is ;

two-thirds of the minimum specified yield strength at i

temperature.

For Inconel 625, the specified minimum yield strength isJ65,000
lb/in.2 at 650'F.

.

F, = P,4p/My where Mp is the bending moment required to produce a
fully plastic section and My is the bending moment which first ;

produces yielding at the extreme fibers of the cross-section. 1

The capability of cross-sections loaded in bending to sustain ;

moments considerably in excess of that required to yield the
outermost fiber is discussed in Reference 1. For the CEA |

cladding dimensions, F, = 1. 3 3 .

The values of uniform and total elongation of Inconel Alloy 625
cladding are estimated to be as follows:

Fluence (E >l MeV), nvt
1 x 10" 3 x 10"

Uniform elongation, % 3 1
Total-elongation, % 6 3

4.2 1.4.4 Irradiation Behavior of Absorber Materials

A. Boron Carbide .

1. Swelling

The linear swelling of BC increases with burnup4

according to the relationship:

StaL = (0.1) B Burnup, at %

!
This relationship was obtained from experimental
irradiations on high density (=90% TD) wafers y |

(Reference 43) and pellets with densities ran 'n
between 71 and 98% TD (References 42 and .

Dimensional changes were measured as a function of i

burnup, after irradiating at temperatures expected in I
Ithe design.

2. Thermal Conductivity

The thermal conductivity of unirradiated 73% dense B C
decreases linearly with temperatures from 300 to
1600 F, according to the relationship:

A arar<rs * * *< r d
4.2-32
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The second programi which is nearing completion 1 at ANO-2 @ f
irradiated two fuel assemolles containing both standard and |,

advanced design fuel rods to extended burnups. Both assemblies |,

I

were extensively pre-characterized. One assembly was irradiated
for three reactor cycles and reached an assembly-averaged burnup |s

of 33 GWd/MTU. A second assembly was exposed to 5 cycles and '

;' reached an assembly-averaged burnup of 52 GWd/MTU (Reference 55).
Both assemblies were examined after each reactor cycle. Visual

examinations, oxide thickness measurements, and other dimensional
measurements results in the conclusion that the performance of
the fuel has been satisfactory. Destructive hot call

examinations are scheduled to complete the characterization of
:

| fuel behavior.
:

!
A surveillance program to follow the fuel performance of the
System 80 design was carried out in Palo Verde-l. The program

included poolside examinations after each of the first threes

The examinations included visual inspections4

operational cycles.
for overall performance, dimensional measurements to characterize
growth behavior, and cladding oxide measurements to track

corrosion behavior of the fuel rod cladding. Results of this,

i program indicate that the fuel behaves as expected with no|

indication that would alter the planned fuel management scheme*

d for the System 80 fuel. These results are also applicable to

System 80+ fuel.

4.2.2 DESCRIPTION AND DESIGN DRAWINGS
4

This subsection summarizes the mechanical design characteristics
of the fuel system and discusses the design parameters which are,

a

of significance to the performance of the reactor. A summary of

mechanical design parameters is presented in Table 4.2-1. These
data are intended to be representative of the design; limiting
values of these and other parameters will be discussed in the,

appropriate sections.
,

4.2.2.1 Fuel Assembly'

The fuel assembly (Figure 4.2-6) consists of 236 fuel and poison
rods, 5 guide tubes, 11 fuel rod spacer grids, upper and lower:

'

end fittings, and a holddown device. The outer guide tubes,

spacer grids, and end fittings form the structural frame of the
assembly.

1

Amendment
'-- 'n 19434.2-37
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The results pres nted above were obtained through flow testing an
oversized mode of a standard 14 x 14 fuel assembly. Because of |

the great sim larity in design between the Standard System 8&f16
i

x 16 assembl and the earlier 14 x 14 array, these test results
also constitu e an adequate demonstration of the effects that
flow blockage would have on the 16 x 16 assembly. This

conclusion is also supported by the fact that the 16 x 16
assembly has been demonstrated to have a greater resistance to

The effectaxial flow than would occur with the 14 x 14 array.
of the higher flow resistance, to produce more rapid flow
recovery, i.e., more nearly uniform flow, is analogous to the
common use of flow resistance devices (screens or perforated
plates) to smooth non-uniform velocity profiles in ducts or
process equipment.

4.2.3.2.15 Fuel Temperatures

Steady state fuel temperatures are determined by the FATES
computer program. The calculational procedure considers the
effects of linear heat rate, fuel relocation, fuel swelling,

densification, thermal expansion, fission gas release, and clad
deformation. The model for predicting fuel thermal performance
is discussed in detail in References 15-17.
Two sets of burnup and axially dependent linear heat rate
distributions are considered in the calculation. One is the hot

time averaged, distribution expected to persist duringrod,
long-term operation, and the other is the envelope of the maximum
linear heat rate at each axial location. The long-term

distributions are integrated over selected time periods to
determine burnup, which are in turn used for the various burnup

Thedependent behavioral models in the FATES computer program.
envelope accounts for possible variations in the peak linear heat
rate at any elevation which may occur for short periods of time
and is used exclusively for fission gas release calculations.

The power history used assumes continuous 100% reactor power from f

beginning-of-life. Using this history, the highest fuel
'

temperatures occur at that time. It has been shown that fuel
for a given power level at any burnup are

temperaturesinsensitive to the previous history used to arrive at the given
power level.

Fuel thermal performance parameters are calculated for the hot
rod. These parameters for any other rod in the core can be
obtained by using the axial location in the hot rod, whose local
power and burnup corresponds to the local power and burnup in the
rod being examined. This procedure will yield conservatively
high stored energy in the fuel rod under consideration.

h MMGMNGn
4.2-68
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to AMS, ASTM or C-E specifications. In addition, various CEA 1

hardware tests have been conducted or are in, progress.

During manuf acturing, the following inspections and tests are
performed:

A. The loading of each control element is carefully controlled
to obtain the proper amounts and types of filler materials

, for each type of CEA application (e.g. , full-strength B,C or
Ag-In-Cd; part-strength Inconel 625).

B. All end cap welds are liquid penetrant examined and helium
leak tested. A sampling plan is used to section and examine
end cap welds.

C. Each type of control element has unique external features
which distinguish it from other types.

D. Each CEA is seriali::ed to distinguish it from the others.

| See Figures 4.2-3 through 4.2-5 and Figure 4.2-14.

E. Fully assembled CEAs are checked for proper alignment of the
neutron absorber elements using a special fixture. The
alignment check ensures that the f rictional force that could
result from adverse tolerances is below the force which
could significantly increase scram time.

In addition to the basic measures discussed above, the

manufacturing process includes numerous other quality control
steps for ensuring that the individual CEA components satisfy '

design requirements for material quality, detail dimensions, and
process control.

Af ter installation in the reactor, but prior to criticality, each
CEA is traversed through its full stroke and tripped. A similar

| procedure will also be conducted at refueling intervals. j

|
The required 90% insertion scram time for CEAs is 4.0 seconds
under worst case conditions. Verification of adequacy was
initially determined by testing in the C-E TF-2 flow test
facility as reported in Appendix 4B. This test facility
contained prototypical (System 80) reactor components consisting

| of fuel assemblies, CEA shroud, control element drive mechanism,,

and a simulation of surrounding core internal support components.
The test conditions simulated the range of temperatures and flow
rates predicted for System 80 normal plant operation. The |

required scram time has been subsequently verified to be I

conservative by testing at the alo Verde (System 80) operating !

units.

cuml p 8ptAm 80+
|

Amendment @-
'm

4.2-80 O ~.- 21,
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TABLE 4.2-1 (Cont'd)

(Sheet 2 of 7)

MECHANICAL DESIGN PARAMETERS

Fuel Assemblies (Cont'd)

Spacer Grid

Type Leaf spring
Material Zircaloy-4
Number per assembly 10

Weight each, lb 2.0

Bottom Spacer Grid

Type Leaf spring
Material Inconel 625
Number per assembly >4> 1

Weight each, lb @ th-skirl h 1m |

Weight of fuel assembly (nominal), lb 1461

Outside dimensions

Fuel rod to fuel rod, inches 7.972 x 7.972

Fuel Rod

fuel rod material (sintered pellet) U0
Pellet diameter (nominal), inches 0.3255 |
Pellet length, inches 0.390

3Pellet density (nominal), g/cm 10.47 |
3Pellet theoretical density, g/cm 10.96

Pellet density (nominal) (% theoretigal) 95.5
Stack height density (nominal), g/cm 10.315
Clad material Zircaloy-4
Clad ID, inches 0.332
Clad OD, (nominal), inches 0.382
Clad thickness, (nominal), inches 0.025
Diametral gap, (cold, nominal), inches 0.0065 |
Active length, inches 150
Plenum length, inches 7.938 |

Amendment-N- Y
Ap"i1 1,-19.93-- -

. - _ - - _ - _ _ _ _ _ _ - - -_ __
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| The core average linear heat rate is .also linear with power. The
; average effective fuel ~ temperature dependence on the core average

linear heat rate is calculated from the following semi-empirical4

relation:

2 3

f = Tm + ({ Bj*M ) *P + ([ C *M ) *p2 (1) iI lT y
1=0 j*0

Ta is the average moderator temperature (*F), M is the exposure
in mwd /MTU, P is the linear, heat generation rate in the fuel in
kW/ft, and Tr is the average effective fuel temperature (*F) . The
coefficients B and C, are determined from least squares fitting

i

of the fuel temperature generated by FATES (References 4,5) . For
the fuel pins in System 80+, the following values apply:

+ t3 7. 248 't.8Co62
1M C. = -W '

B =
o

+ 0. 6 JO H9 - o.%S o91

OW * 10~3 C = ,3>JPEG1 * 10-3B = 11

~o .\ 92215 t o.4 s 09 s o
4= .9|pM!MFQ * 10-M * 10 ~ 6 C2B =

2

= -M.1 % 4 5 3-* 10*N '*)-0

C3

The basis for this relation is discussed in Reference 3. |

The total power coefficient at a given core power can be
determined by evaluation, for the conditions associated with the
given power level, of the following expression:

d3, bp b Te , sp b T,
dp bT bp b T,, bpg

The first term of the equation (2) provides the fuel temperature
contribution to the power coefficient, which is shown as a
function of power in Figure 4.3-45.

The first factor of the first term is the fuel temperature
coefficient of reactivity discussed in Section 4.3.2.3.1 and
shown in Figure 4.3-41. The second factor of the first term is
obtained by calculating the derivative of Equation (1) .

' '

b T'- I C *M ) *P (3)
= ({ B *M ) + 2 ( {0

1
yj

P 20 3

|

l

Amendment Q-Y
|4.3-13 J .J.; 15, 100?-
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77. Inchikawa, Uchida, Yanagisawa, Nakajima, Nakamura and
Kawaski, JAERI; Hayevik, Knudsen and Kolstad,. Halden,
" Studies of LWR Fuel Performance Under Power Ramping and
Power Cycling Utilizing In-Pile Measurement and Fuel
Modeling", Proceedings of the ANS Topical Meeting,
Williamsburg, Virginia, April 1988.

78. " Verification of the Acceptability of a 1-Pin Burnup Limit
of 60 MWD /kgU for Combustion Engineering 16x16 PWR Fuel",
CEN-386-P-A, August 1992.

' k tr|0 W t, kg. h., " Ni k [g g pgpq w yg5$s tNu M|f
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Amendment 46-
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TABLE 4.3-1 )

(Sheet 1 of 2)
.

NUCLEAR DESIGN CHARACTERISTICS

:

Item Value -

General Characteristics

Fuel management 3-batch, mixed
central zone

Core Average Burnup (HWD/HTV),10 ppm soluble boron 16,000

Core Average U-235 Enrichment (wt%) 2.6

Core Average H 0/UO volume ratio, first cycle, 2.06
2

hot (coreceil)

Number of control element assemblies

Full strength 68
Part strength 25

Burnable Poison Rods

Number 11,680
Haterial Er 023

Worth % Ao, at BOC

Hot, 587'F 5.3
Cold, 68'F 4.0

,

Dissolved Baron

Dissolved boron content for criticality,

ppm, (CEAs withdrawn, BOC)

Cold, 68'F 1431

: Hot, zero power, clean, 565'F h- 1414
j Hot, full power, clean, 587'F -- h t27o

Hot, full power, equilibrium Xe 1006

|

Amendment.*Y
. . a 1, ux
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TABLE 4.3-1

- (Sheet 2 of 2)
,

NUCLEAR DESIGN CHARACTERISTICS

.

Item Value

Dissolved boron content (ppm) for:

.

Refueling 2150
5% subcritical, cold, first cycle 1837'

(all CEAs out) 0 mwd /MTU
5% subcritical, hot, first cycle 1920

(all CEAs out) 0 mwd /MTU

| Boron worth, ppm /% Ao (B0C/E0C)
|

Hot, 587'F 96/91
Cold, 68'F 78/66

Neutron Parameters

Neutron lifetime (cycle average), microseconds sw 28 A

Delayed neutron fraction (cycle average) 0.0061

Plutonium Buildup (first cycle)
1

o Fissile Pu (final) 4.68
kg U (original)

o Total Pu (final) 6.02
kg U (original)

|

I

Amendment 44-Y
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TABLE 4.3-2

EFFECTIVE MULTIPLICATION FACTORS AND REACTIVITY DATA'*)

!

KCondition eff a |
i

Cold, 68'F (0 PPM), B0C1 1.233 0.189 |

Cold (68*F) at minimum refueling boron 0.916 -0.092
concentration (2150 ppm), BOC1

Hot, 557'F, zero power, clean (0 ppm), B001 1.173 0.148 |

Hot, full power, no Xe or Sm, 587*F 1.148 0.129
(0 ppm), BOC1

Hot, full power, equilibrium Xe (0 ppm) 1.111 0.100 |

Hot, full power, equilibrium Xe and Sm 1.107 0.096
(0 ppm)

Reactivity decrease, hot |

Zero to full power, B0C (911 ppm) 0.014 |

| Fuel temperature 0.012
! Moderator temperature 0.002
i

! Reactivity decrease, hot |

| Zero to full power, E0C (0 ppm) 0.020 |

Fuel temperature 0 o'l C 07
Moderator temperature o. c o? 1 011=

|

|

|

(a) No control element assemblies or dissolved boron except as noted, initial
Core.

Amendment 1b
7.,. 11 1, 'oo'
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TABLE 4.3-4
,

REACTIVITY COEFFICIENTS
4 e

j Moderator Temperature Coefficient, ap/*F
'

:|
Beginning-of-cycle (0-50 mwd /MTU) |- o. o31 ,

-0.20 x 10-4Cold, 68'F, Clean, 1431 ppm -4
Hot zero power, 557'F, no CEAs, Clean,1400 ppm > GEES x 10
Hot full power, 587'F, no CEAs, Clean,1284 ppm -0.37 x 10-4-

Hot full power, 587'F, no CEAs, Equilibrium Xe,1006 ppm -0.65x10f
-

i Hot zero power, 557'F,' regulating CEA banks 3, 2 and 1 -0.69 x 10-
inserted, 50 mwd /MTV, 1006 ppm, Hot full power,

t

; equilibrium Xe

End-of-Cycle (10 ppm soluble baron, 16,000 mwd /MTU)

Cold, 68*F (approximate) -0.04x10-f
Hot zero power, 557'F, no CEAs, Hot full power -1.70 x 10-

equilibrium Xe -4'

Hot full power, equilibrium Xe, no CEAs, 587'F -2.60 x 10
i Hot zero power, 557'F, rodded, regulating CEA banks -2.00 x 10-4,

3, 2 and 1 inserted, Hot full power equilibrium Xe
3Moderator Density Coefficient, ap/gm/cm

i Hot, operating, 587'F

Beginning-of-cycle,1284 ppm soluble baron, O mwd /MTU +.031

Fuel temperature contribution to power coefficient,-

ap/(kW/ft), 1006 ppm, 50 mwd /MTU

I- z oel E2:22- x 10-3Hot zero power -3i Full power C- U7fi-Zi580 x 10
~

Moderator void coefficient ap/% void
Hot, operating, 587'F

,

Beginning-of-cycle,1284 ppm soluble baron, 0 mwd /MTU -0.22 x 10-3

: Moderator pressure coefficient, ap/ psi
Hot, operating, 587'F .

)

Beginning-of-cycle,1284 ppm soluble boroa, O mwd /MTU +3.96 x 10-6
1

1

Overall power coefficient, ap/(kW/ft)'

Hot, operating, 587'F
-3

Beginning-of-cycle,1006 ppm soluble boron, 50 mwd /MTU -1.84 x 10
; End-of-cycle, 10 ppm soluble boron, 16,000 mwd /MTV ( -+.36 Wm x 10-

1

Amendment 44-
a: 1, 12 2-

4

9

-~. - - - - - - . . . .



_ _ _ _ _ _ _ _ . _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ . _ _ _ - _ . _

_

.

.

.

I I | | | |

g

$
0.70 -

.

-

0.38
- OSCILLATION

2

N
O

c

A E _

< 0.06 -m
> I

"o
- _ _,

Q } j - -
-

- - - - -
_

- - _- -

rco
_

E E -0.26 -

E O OSCILLATION
CONTROLLEDg $ BY PSCEAO '

C
2

o
$ -0.58 -

_

x
h
;
O

E
:8 ' I I I I
" @' 0.90
IS 0 16 32 48 64 80 96

'

aa ,,'

h
TIME, HOURS

9

----- _ ----- .__.



:. .

_.

' .

I
i

1.06 -
-

1.04 - -

E
z
@ 1.02

- -

$
e
?o 1.00 - _

W
w
Q
w
>
;- 0.98 ''_

<t

Gi
e

0.96 - _

0.94 _ _

)

I I |

547 557 567
INLET TEMPER ATURE,0F

Amendment 4-
x.,~. . _ . .

ORAChgw'g4
/ EFFET.T

8"
TYPICAL TEMPERATURElD Tlvs

[ REACTOR INLET TEMPERATURE 4.3 58

. . . .- - --



_ .. ..._ _ _ . . _ . _ . _ . - _ . _ . _ . , _ . . _ . . _ _ _ . .. . . . .. _ .._ _ _ ......... . _ _ . . _ ... . . _ . . . . . . . _ .

.

4

..

l

Ift
E

O

AX1 AL SPACE-TIME, EOL
-1.00 x 10 3

DP EOL' 010 1ST AXIAL
- = 1.22 x 10^3/kw/ft g

i -0.5 - aP -0.77 _

)cm
$2 = 0 IO '

> OP \
h Apm I

:E z
m o \
m I -z o -1.0 -

m m \
C m \BOL, 0102 "

S 9 Y A s g

's t
h z N010AXI AL SPACE TIME, BOL BOLz
> re ~

--r m l -1.5 -

> > ,

z o
MODIFIED RANDALL-ST. JOHNU d A

m <
X -

O H
Q REFLECTED BARE

$ h CORE CYLINDER
s

cn m -2.0
H m i
> 'n -0.1 0 +0.1 +0.2

DAMPING COEFFICIENT, HR~lH m
m z j g:

D !- t
.E

o o
F. ' "3

.* ?. - rt

Y, t|t-
CD (;

-* | <"

. _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
._

_ _ _ _ _ _ _ _ _ _ _ _ _ _______ _ __ _ _ ____ _



' CESSARHuince-

.

rod with the minimum DNBR. Diversion crossflow and turbulent
interchannel mixing are not input as factors on subchannel
enthalpy rise but are explicitly treated in the TORC and CETOP
analytical models.

Uncertainties in the power distribution factors are discussed in
Section 4.4.2.9.4.

AUD yu. LL$gML., c.

Statistical gombination of fJncertainties (SCU) methods, as
described in References 8gwere used to statistically combine the
uncertainties of the thermal hydraulic code input parameters
(system parameters) . This SCU methodology with plant-specific
data is statistically combined with CE-1 CHF correlation
statistics at the 95/95 confidence / probability level to yield an
increased DNBR limit. This limit is approximately 1.24 when the
following uncertainties are combined:

a) uncertainty in the inlet flow distribution;
b) systematic variation on fuel rod pitch;
c) systematic variation on fuel clad OD;
d) engineering enthalpy rise factor;
e) engineering heat flux factor;
f) penalty on DNBR (minimum) due to fuel rod bowing; and,
g) statistics associated with the NRC-approved 1.19 DNBR

limit (Reference 2). |

Also included in the MDNBR limit is the penalty due to the CHF
correlation uncertainty and a 0.01 penalty for the HID grids, as.

well as penalties imposed by NRC to account for CHF correlation
" prediction uncertainty" and TORC code uncertainty. The 1.24
DNBR limit is used in safety analysis, CPC trip setpoints and
COLSS power operating limit calculations in conjunction with a
CETOP model based on a nominal geometry.

4.4.2.2.2.1 Power Distribution Factors

A. Rod Radial Power Factor

The rod radial power factor is the ratio of the average i

power per unit length produced by a particular fuel rod to
i

the average power per unit length produced by the average '

powered fuel rod in the core. The maximum rod radial power
factor is the ratio of the average power per unit length
produced by the highest powered rod in the core to the
average power per unit length produced by the average
powered fuel rod in the core. Radial power distributions
are dependent upon a variety of parameters (e.g., control
rod insertion, power level, fuel exposure). The core wide
and hot assembly radial power distributions used for a
typical DNB analysis are shown in Figures 4.4-1 and 4.4-2.

AmendmentJf Y
4.4-5 0:2:25 r 21, 1;;;
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4.4.2.2.3 Fuel Densification Effect on DNBR

The perturbation in local heat flux due to fuel densification is
given in Table 4.4-1. As shown in CENPD-207 ( 2_) (see Section
4.4.4.1), much larger local heat flux variations have no
significant adverse effect on DND. Therefore, no specific
allowance is made or required for the effect on DNBR of local
heat flux variations due to fuel densification. j

1

4.4.2.3 Linear Heat Generation Rate

The core average and maximum fuel rod linear heat generatior$
rates are given in Table 4.4-1. The maximum fuel rod linear heat
generation rate is determined by multiplying the core average
fuel rod linear heat generation rate by the product of the

;

nuclear power factor, the engineering factor on linear heat rate,
and the ratio of the hot to the average fuel rod energy,

deposition fractions. The effects of fuel densification are not
included in the maximum fuel rod linear heat generation rate
presented in Table 4.4-1; although, to determine the maximum
local linear heat generation rate including the effect of gaps
occurring between the fuel pellets, the augmentation factor is
applied.

4.4.2.4 Void Fraction Distribution

The core average void fraction and the maximum void fraction are
calculated using the Maurer method (10_) . The void fractions
discussed below are values for the reactor operating conditions
and engineering factors given in Table 4.4-1, for the radial
power distribution in Figure 4.4-1 and 4.4-2, and for the 1.26
peaked axial power distribution in Figure 4.4-3. For these
conditions, only subcooled boiling occurs in the core.

6. S*The core average void fractidt is essentially zero. The local B

the%%
maximum void fraction is 0. and occurs at the exit of the
subchannel adjacent to rod with the minimum DNBR. The
average exit void fractions and qualities in different regions of
the core are shown in Figure 4.4-4 for the core radial power
distribution shown in Figure 4.4-1. The axial distribution of
void fraction and quality in the subchannel adjacent to the rod
with the minimum DNBR is shown in Figure 4.4-5. The average void
fraction in that subchannel is less than 0.1%. 8

4.4.2.5 Core Coolant Flow Distribution

The core inlet flow distribution is required as input to the TORC.

thermal margin code (refer to Section 4.4.4.5.2). The inlet flow
distribution for 4-loop operation was determined from a System 80

AmendmentgY
4.4-9 Srrch 21, l '' r
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h. The same fuel rod energy deposition fraction is used
for the hot rod as for the average rod. The hotter the
rod, the lower is the actual value of energy deposition
fraction with respect to that for the average rod. A

i
lower energy deposition fraction reduces the hot rod
heat flux and thereby increases its DNBR. The use of i

Ithe average rod energy deposition fraction for the hot*
4

rod is therefore conservative. See Section 4.3 for a |

discussion of the calculation of the energy deposition j.

;
fractions. )

2. Uncertainty in the analytical model: %

The ability of the TORC code to predict accurately

subchannel local conditions in rod bundles iss. described in
Reference 6. The ability of the code to predict accurately,

j the core wide coolant conditions is described in Reference
.

13. However, an allowance for TORC code uncertainty is
included in the Statistical Combination of Uncertainties1

analysis as discussed in Section 4.4.2.9.5.

3. Uncertainty in the DNB correlation:

The uncertainty in the DNB correlation is determined by a
statistical analysis of DNB test data. A value of 1.2L has
been shown to provide _a 95% probability with 95% confidence4

j that DNB will not occur on a fuel rod having that minimum ..

DNBR (Reference 3).

4.4.2.9.5 Statistical Combination of Uncertainties (SCU)

Use of a 1.24 MDNBR limit with a best-estimate design CETOP model
will ensure, with at least 95% probability and 95% confidence,
that the hot pin will not experience a departure from nucleate
boiling. The 1.24 MDNBR limit includes explicit allowances for
system parameter uncertainties, CHF correlation uncertainty, rod'

bow, the NRC penalties for the TORC code uncertainty and CHF,

.

' correlation " prediction uncertainty," and a 0.01 penalty for the
HID grids.4

Several conservatisms are included in the SCU methodology
!

(Ref erences 8 The significant conservatisms include:
|

.
3

Mo tG
1. Combination of system parameter probability

distribution functions at the 95% confidence level toJ

yield a resultant MDNBR at >95% confidence.'

2. Use of pessimistic system parameter probability
distribution functions.

Amendment M
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I

Pressure 1745 to 2425 psia
!

| Inlet temperature 333 to 631*F ;

Local coolant quality -0.27 tg +to 3.07x10 {0.20
Local mass velocity 0.81x10 lb/h-ft j

It was found that the mean and standard deviation for the ratio
of measured to predicted DNB heat fluxes were 1.229 and 0.125, !

respectively, for the 369 DNB data within the parameter ranges |

Inoted above.
|

Testing was also conducted with rod bundles representative of the
16 x 16 fuel assembly to determine the effect on DNB of local
perturbations in heat flux. Results are presented in

'

CENPD-207 ( 2_) for two nonuniform axial power rod bundles which
were similar except that one test bundle had a heat flux spike
(23% higher heat flux for a 4-inch length) at the location where
DNB was anticipated. The results show that there is. no
significant adverse effect on DNB due to that flux spike.
Therefore, it is concluded that no allowance is required for the

i effect on DNB of local heat flux perturbations less severe than
that tested.

| One important factor in the prediction of DNB and local coolant
conditions is the treatment of turbulent interchannel mixing.
The effect of turbulent interchange on enthalpy rise in the

|
subchannels of 16 x 16 fuel assemblies with standard spacer grids

' is calculated in the TORC code by
* -ADD

Wa
Pe=__ = 0.0035

G D,

where:

Pe = inverse Peclet number.
ADD

% w' = turbulent interchange between adjacent subchannels,
lb/h-ft.

6 = average equivalent diameter of the adjacent
" subchannels, ft.

5 = average mass vel city of the adjacent subchannels,
2

lb/h-ft

The value of 0.0035 for the inverse Peclet number for use with
the 16 x 16 fuel assembly with standard spacer grids was
originally chosen based on cold water dye mixing tests conducted
for the 14 x 14 assembly and for a " prototype" of the Palisades

i

A H6KJ D M ENT V*
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| TABLE 4.4-1
(Sheet 1 of 2)'

;

THERMAL AND HYDRAULIC PARAMETERS
,

i

Reactor Parameters System 80+ System 80 Waterford-3

Core Average Characteristics at Full Power:

Total core heat output, MWt 3,914 3,800 3,390

Total core heat output, million Btu /h 13,360 12,970 11,570
,

Average fuel rod energy deposition 0.974 0.974 0.974|
fraction-

-

J s

|
Hot fuel rod energy deposition fraction 0.971 0.971 0.971|
Primary system pressure, psia 2,250 2,250 2,250

'

Reactor inlet coolant temperature, 'F 556 565 553

Reactor outlet coolant temperature, 'F 615 -4M M.! 611
(.12.'

Core exit average coolant temperature, 'F 617 623 -4M |4

Average core enthalpy rise, Btu /lbm 83 82 k
Design minimum primary coolant flow 444,650 445,600 396,000

rate, gpm

Design maximum core bypass flow, % of 3.0 3.0 ih &'

primary
J 3 ggj7,,

Design minimum core flow rate, gpm 431,300 432,200 -30e;e99
,

Hydraulic diameter of nominal subchannel, 0.471 0.471 0.471

| in.
2Core flow area, ft 60.8 60.8 54.

2. fo

Core avg mpss velocity, million 2.65 2.62
lba/h-ft- g,g g,g

Core avg coolant velocity, ft/s 16.7 -W7- W 3-
2Core avg fuel rod heat flux, Btu /h-ft 183,300 184,800') 182,100|2

'

Total heat transfer area, ft 70,960 68,320') 61,860|2
-

-
,

4

'' Corrected values for System 80 design
,

Amendment g Y
Tre 30, 1902-
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TABLE 4.4-1 (Cont'd)
-

(Sheet 2 of 2) ,

'

THERMAL AND HYDRAULIC PARAMETERS

Reactor Parameters System 80+ System 80 Waterford-3

Average f tel rod linear heat rate kW/ft -5-i!F7- -5-4f -Er:St |
'

r.3 C. f. 9 i 5.33
| Power density, kW/ liter 98.4 95.5 94.9

No. of active fuel rods 56,876 54,764 49,580

Power Distribution Factors: s

Rod radial power factor 1.55 1.55 1.55

Nuclear power factor 2.28 2.28 2.28
.

Total heat flux factor +r39' 4795- -ih65
2. 3 V LIV 2.14 I

Engineering Factors:

Engineering heat flux factor 1.03 1.03 1.03

Engineering enthalpy rise factor 1.03 1.03 1.03

Pitch, Bowing, and Clad Diameter Enthalpy 1.05 1.05 1.05
Rise

Engineering factor on linear heat rate 1.03 1.03 1.C?

Characteristics of Rod and Channel with
-

| Minimum DNBR: V2W W4'7eo 42Qm
Maximum fuel rod heat flux, Bt,u/h-ft 4;;,ggg g , ;;,3.) 4;7,;;;g2

Maximum fuel rod linear heat rate, kW/ft 40 9 12.7 12.5|
12. Ce

U0 maximum steady state temperature, 'F 3,179 3,205'' 3,180
2

Outlet temperature, 'F 644.1 645.7'' 642

Outlet enthalpy, Btu /lbm 684.3 687.I'' 680*

i

Minimum DNBR at nominal conditions 2.00 1. 9 8'' 2.07|
:

(CE-1 correlation) I
.

l

! '' Based on updated System 80 flow distribution

i

Amendment g Y
T2.e 30, 10 W
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TABLE 4.4-8

REACTOR COOLANT SYSTEM GEOMETRY

Flow Path Top Elevation (d' Botton Elevation'* Minimum Flow Volume
2 3

Component length (ft1 fft) (ft1 Area f ft ) (ft )

Hot Leg (ea) 14.10 2.38 - 1.75 9.62 135.64
24.22 0.58 - 9.97 4.91 llB.9) 418:9e

Suction Leg (ea) )Discharge Leg (ea 19.31 1.25 - 1.25 4.91 94 6 -94-8P-
Pressurizer l'el 2400

|el e) 50.07(*) 1200
Surge Line 420:96 kD 57,o I,e) 1(.75Liquid Level (full power) i

0.56 56/75~ -7 0- |

Steam Generator
Inlet Nozzle 3.07 3.90 - 0.48 9.62 ZG.e l -30:42
Outlet Nozzle (ea) 2.79(b) 2.41 - 1.19 4.91 13.49 |
Inlet Plenum 4.74(b) 6.48 - 0.10 19.07 423.4
Outlet Plenum 4.74 6.48 - 0.10 9.74 423.4
Tubes (Active & Inactive) 63.9 40.94 6.48 0.002 " 2072.8 10

Reactor Vessel
Inlet Nozzle (ea) 3.7 1.4 - 1.5 4.9 21.7
Downcomer 21.4 11.7 -22.6 33.8 1157.1
Lower Plenum 3.2 -20.5 -25.9 32.5 430.2
Lower Support Structure & 2.8 -17.7 -20.5 44.4 250.0 |

Inactive Core
Active Core 12.5 5c3dS.] -17:8Il7.G 60.8 817.2

,{2.41'-5. i
46.3 251.1-Upper Inactive Core .Jb 8'- 2. 6 - 2.5

- . 26.6 459.4,

t Outlet Plenum 5.7 2.1
Core Shroud Bypass 15.9 - 2.7 -19.6 0.1 240.6'
CEA Shroud Assembly & Tie 17.9 15.6 - 3.5 0.4 1352.5

Tubes
UGS, CEA Shroud Annulus 10.6 12.7 2.1 1.6 226.0 |~
Top Head 3.2 19.9 12.7 7.8 422.6
Outlet Nozzle (ea) 4.0 1.7 - 1.8 9.6 32.2 |

"')For the cylinder. "'' Reactor Vessel nozzle centerline is the reference
"" Represents a geometrical rather than an elevation. It has an elevation of 0.0 ft.

00See Section 5.4.(*) actual flow path length.
Flow path area per tube.

. .
.

Junendment f( \/
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_ TABLE 1.9-1

INDEX OF SYSTEM. STRUCTURE OR COMPONEN'1 j

INTERFACE 5REOUIR waMTS-FOR SYSTEM 80+ |

l System, Structure or Component Section

Buildinas/ Structures
Administration Building 1.2.1.4.1.1

Personnel Access Portal 1.2.1.4.1.2 1

8.2 )Switchyard
Warehouse 1.2.1.4.1.3 i

Emergency Operations Facility 13.3.3.2 ;

9.5.10.1.2Bulk Gas Storage
Station Service Water Pump Structure 9.2.1.1.4
Ultimate Heat Sink, Including SSWS 9.2.5.1.3

Intake / Discharge
Potable and Sanitary Water System Structure 9.2.4

Systems
Condenser Circulating Water System, 10.4.5.1 9.2,#c .2./

j

| including Normal Heat Sink,
! Pump Structure, Intake and Dischargej ad W 'O' 3">'Ni @ *'a M " h *"

Offsite Power System, including Switchyard 8.1
Potable and Sanitary Water Systems, 9.2.4.1

including Sewage Treatment
Security System 13.6.1
Service Water Pump Structure Ventilation 9.4.8.1.2

System
Layout and Equipment for the Laboratory 13.3.3.4

i Facilities
! Layout and Equipment for the Onsite 13.3.3.6

Decontamination Facilities
|Components

Component Cooling Water Heat Exchanger 9.2.2 |

Materials |

Condenser Materials Specification 10.3.6.2,10.4.1.2 i

| " Ton c G. % M o w e t.s 9,4 /./j F/G , 9.4 -A

92.2.7.,9.2.4
E t. n cc> wArso So M f.6,2.2 5
0,o w e e A-n o u s Con c e ra.)'

!
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1.9 SYSTEM 80+ STANDARD DESIGN INTERFACES

This section provides a listing of the interf ace rc.cidirch as |
'

used in 10 CFR 52.47(a). The System 80+* Standard Design
includes an essentially complete nuclear plant, except for

structures, systems and components which require alte-specific
design. These structures, systems and components are not
included in the System 80+= design certification and shall be
provided by the applicant (owner / operator) during site specific
engineering. To ensure that the design of these items is

,

compatible with the System 80+= Standard Design, interface j

requirements must be satisfied by the applicant. In general, I

interface requirements for applicant-supplied structures, systems
and components which are related to a specific mechanical or
electrical system are covered in the appropriate CESSAR-DC
chapter (The word "shall" is used to identify interface

? Table 1.9-1 provides
requirements included in descriptive textj)hcontainingan index of all sections in CESSAR-DC interface
requirementr

Site specitic assaptions on which the System 80+" Standard

,m Design is based are presented in Section 1. 2.1, Principal Site-

l i Characteristics, and Chapter 2.0, Site Envelope Characteristics
V and the applicant (cwner/ operator) shall' verify that the chosen

site is enveloped by the characteristics given in Sections 1.2.1
and 2.0. These site-specific characteristics must be compatible
with the System 80+ design envelopes, b6t they are not considered
interface requirements as used in 10 C R 52.47(a).
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'

pump and its reactor coolant pump suppon loads. Each RAT has the capability of
supplying power directly (i.e., not through any bus supplying non-Cass 1E loads) to
its respective Cass 1E buses.

UAT power feeders, and instrumentation and control circuits are separated from the!

RAT's power feeders, and instrumentation and control circuits

Power feeders, and instrumentation and control circuits for the UMT and its switching ;

station are separated from power feeders, and instrumentation and control circuits for :
|the RATS and their switching station.

EPDS medium voltage switchgear, low voltage switchgear and their respective
transformers, MCCs, and MCC feeder and load circuit breakers are sized to supp!y
their load requirements. EPDS medium voltage switchgear, low voltage switchgear
and their respective transformers, and MCCs are rated to withstand fault currents for

|
; the time required to clear the fault from its power source.

The GCB, medium voltage switchgear, low voltage switchgear, and MCC feeder and
load circuit breakers are rated to interrupt fault currents.

EPDS interrupting devices (circuit breakers and fuses) are coordinated so that the
circuit interrupter closest to the fault is designed to open before other devices.

Instrumentation and control power for Class 1E Divisional medium voltage switchgear
and low voltage switchgear is supplied from the Cass IE DC Power System in the
same Division.

|

The GCB is equipped with redundant trip coils supplied from separate non-Gass IE

( DC power systems.

EPDS cables and buses are sized to supply their load requirements. EPDS cables and
buses are rated to withstand fault currents for the time required to clear the fault
from its power source.

For the EPDS, Cass 1E power is supplied by two independent Cass 1E Divisions.
Independence is maintained between Cass 1E Divisions, and between Class 1E
Divisions and non-Cass 1E equipment.

Oass 1E medium voltage switchgear, low voltage switebgear, and MCCs are identified
according to their Cass 1E Division / Channel. Gass 1E medium voltage switchgear, ;

low voltage switchgear, and MCCs are located in Seismic Category I structures and |

in their respective Division areas. |,
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I
2.63 AC INSTRUMENTATION AND CONTROL POWER SYSTEM

AND DC POWER SYSTEM |
,

DESIGN DESCRIPTION

The AC Instrument: tion and Control (I&C) Power System and DC Power System
consist of Cass IE and non-Cass 1E power systems. He non-Class tE AC I&C
Power System and DC Power System have non-Gass 1E batteries, inverters, electrical
distribution panels, and battery chargers. The non-Gass 1E AC I&C Power System
and DC Power System provide power to non-Class 1E equipment.

He Cass 1E AC Instrumentation and Control (I&C) Power System (also referred
to as the Vital AC I&C Power System) and the Cass 1E DC Power System (also
referred to as the Vital DC Power System) consist of Cass 1E uninterruptible power
supplies, their respective alternating current (AC) and direct current (DC) distribution
centers, along with power, instrumentation and control cables to the distribution
system loads. The Class 1E AC I&C Power System and the Cass 1E DC Power
System include the protection equipment provided to protect the AC and DC;

distribution equipment.'

He Basic Configuration of the Gass 1E AC Instrumentation and Control Power
System and Cass 1E DC Power System is as shown on Figures 2.63-1 and 2.63-2.

Class 1E AC Instrumentation and Control Power System

The Class 1E AC I&C Power System consists of two Division (Division I and II) and
four Channel (A, B, C, D) uninterruptible power supplies, with their respective

,

distribution panels.

Each Gass 1E AC I&C power supply is a constant voltage constant frequency inverter
power supply unit, which in normal operating mode receives Class 1E direct current>

(DC) power from its respective Class 1E DC distribution center. Each Class 1E .

inverter power supply unit also has capability to transfer from its respective Gass 1E |
DC distribution center to an alternate source of alternating current (AC) power to |-

[ directly supply the Class 1E AC I&C Power System loads.His alternate power source i

is a voltage regulating device which is supplied power from the same AC power !

source as the battery charger associated with the Class 1E DC distribution center
|servicing the inverter power supply unit.

Each Cass 1E inverter power supply unit is synchromzed, in both frequency and
phase, with its alternate power supply and maintains continuity of power during
transfer from the inverter to the alternate power supply.

Each Gass 1E inverter power supply unit is sized to provide power to its respective
distribution center loads.

2.63 -1- 12,n43
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Cass 1E inverter power supply units and their respective distribution centers are
identified according to their Gass 1E Division / Channel and are located in Seismic
Category I structures and in their respective Division / Channel areas.

-

bndependence5provided between Cass 1E Divisions. Independence is provided| I
between Class 1E Channels. Independence is provided between Gass 1E }'

Divisions / Channels and non-Gass 1E equipment. J
,

Cass 1E AC I&C Power System distribution panels and their circuit breakers,
disconnect switches and fuses are sized to supply their load requirements.
Distribution panels and disconnect switches are rated to withstand fault currents for

,

'

the time required to clear the fault from its power source. Circuit breakers and fuses
,

are rated to interrupt fault currents.-

Oass 1E AC I&C Power System interrupting devices (circuit breakers and fuses) are
coordinated so that the circuit interrupter closest to the fault opens before other,

;
devices.

<

Cass 1E AC I&C Power System cabic; are sized to supply their load requirements
and are rated to withstand fault currents ter the time required to clear the fault from

its power source.
4

The Gass 1E AC I&C Power System surplies an operating voltage at the terminals
of the Cass 1E equipment which is witt.in the equipment's voltage tolerance limits.

;

Class 1E AC I&C Power System cables and raceways are identified according to their
Cass 1E Dividon/ Channel. Class 1E cables are routed in Seismic Category I

;

structures and in their respective Division or Channel raceways.

Class 1E equipment is classified as Seismic Category I. |.

Qap IE DC Power System

The Cass 1E DC Power System consists of two Divisional (Division I and II) and
four Channel (A, B, C, D) batteries (2 Channel batteries per Division) with their
respective DC electrical distribution panels and battery chargers. The Oass 1E DC
distribution system provides DC power to Class 1E DC equipment and
instrumentation and control circuits.<

Each Class 1E battery is sized to supply its Design Basis Accident (DBA) loads, at the
end-of-installed. life, for a minimum of 2 hours without recharging.

Each Cass 1E battery charger is sized to supply its respective Cass 1E
Division / Channel steady-state loads while charging its respective Gass 1E battery.

2.63 -2- umm
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Manual interlocked transfer capability exists within a Division between Cass 1E DC
distribution centers.

'Re Gass 1E batteries, battery chargers and respective MCCs, DC distribution panels,
disconnect switches, circuit breakers, and fuses are sized to supply their load
requirements. The Class IE batteries, battery chargers and respective MCCs, DC
distribution panels, and disconnect switches are rated to withstand fault currents for
the time required to clear the fault from its power source.4

Cass 1E DC Power System circuit breakers and fuses are rated to interrupt fault
currents.

Gass 1E DC Power System electrical distribution system circuit interrupting devices*

(circuit breakers and fuses) are coordinated so that the circuit interrupter closest to1

the fault is designed to open before other devices.

Cass 1E DC Power System electrical distribution system cables are sized to supply
their load requirements and are rated to withstand fault currents for the time required
to clear the fault from its power source.

The Cass 1E DC Power System electrical distribution system supplies an operating
: voltage at the terminals of the Cass 1E equipment which is within the equipment's

voltage tolerance limits.

Each Cass 1E battery is located in a Seismic Category I structure and in its respective'

Division / Channel battery room.-

i

Cass 1E DC Power System distribution panels and MCCs are identified according to l
their Gass 1E Division / Channel. Cass 1E cables are routed in Seismic Category I |

structures and in their respective Division / Channel raceways.

< v
/ Independence is provided between Cass 1E Divisions. Independence is provided }

between Cass 1E Channels. Independence is provided between Gass 1E ;
Divisions / Channels and non-Cass 1E equipment. j j

The Cass 1E DC Power System has the following alarms and displays in the main

control room (MCR):

1) Alarms for battery ground detection.,

2) Parameter displays for battery voltage and amperes.

3) Status indication for battery circuit breaker / disconnect position.

2.6.3 -3- u.n m
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2.10 TECHNICAL SUPPORT CENTER Ava oftwa sowe:ncae ,

i

|Design Description
|

The Technical Support Center (TSC) performs a non-safety-related function and is f
located adjacent to the main control room (MCR) in the nuclear annex. He TSC ;

provides facilities for management and technical support to plant operations during j

emergency conditions,

ne EC is located less than or equal to two minutes walking time from the MCR.

He EC has floor space of at least 75 square feet per person for a minimum of 25
persons.

He UC has radiation detection equipment for monitoring radiation levels within the i

EC when the EC is in use.

He EC has means for voice communication to the MCR, to on-site emergency
support facilities, and to off-site via dedicated or commercial telephone networks.8

Displays of the information from the discrete indication and alarm system (DIAS) and
'

the data processing system (DPS) exist in the EC or can be retrieved there.'

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.10-1 speci5es the inspections, tests, analysis, and associated acceptance criteria
for the Technical Support Center, aud Oevaar,,ws Svenzr Ca,vrs4..

b c.raAim Soge,A Cc en ( O Cc. i- b a. N .sa.C.A
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Communication Systems are addressed in Section 2.7.25.5

Display information from the DIAS and DPS is addressed in Section 2.5.3.'

2.10 -1- 12,3 .m
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SYSTEM 80+" TABLE 2.10-1

TECHNICAL SUPPORT CENTER
Inspections. Tests. Anaivses. and Acceptance Criteria

Design Commitment Inspections. Tests. Analyses Acceptance Criteria

1.a) The TSC is located less than or equal to 1.a) A test of walking time from the TSC to 1.a) He TSC can be reached in less than or
two minutes walking time from the the MCR will be performed. equal to two minutes walking time from

the MCR.MCR.

1.b) He TSC has floor space of at least 75 1.b) Inspection of the TSC will be 1.b) Floor space of at least 1875 q. ft. iss

square feet per person for a minimum of performed. provided in the TSC.

25 persons.

l.c) The TSC has radiation detection 1.c) An inspection of the radioactivity 1.c) Radiation detection equipment to

equipment for monitoring radiation detection equipment in the TSC will be monitor radiation levels within the TSC

levels within the TSC when the TSC is performed. is available in the TSC.

in use.

1.d) He TSC has means for voice 1.d) An mspection of the TSC will be 1.d) Communications equipment is installed,

communications to the MCR, to on-site performed. and voice transmission and reception are

emergency support facilities, and to accomplished.

off-site via dedicated or commercial
telephone networks.

2. Displays of information from the DIAS 2. Inspection for the existence or 2. Displays ofinformation from the DIAS

and the DPS exist in the TSC or can be retrievability in the TSC of the and the DPS exist in the TSC or can be

retrieved there. information from the DIAS and the DPS retrieved there.

will be performed.

T 'i% Os c 4. b 43. L A <-0
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2A.6 CONTAINMENT SPRAY SYSTEM

Design Description

ne Containment Spray System (CSS) is a safety-related system which removes heati

and redeces the concentration of radionuclides released from the fuel from the
Containment atmosphere and transfers the heat to the component cooling water
system following events which increase Containment temperature and pressure. He
CSS can also remove heat from the in-containment refueling water storage tank,

(IRWST).
,

He CSS is located in the reactor building subsphere and Containment.
.

The Basic Configuration of the CSS is as shown on Figure 2.4.6-1.

The CSS consists of two Divisions. Each CSS Division has a CSS pump, a CSS beat*

exchanger, valves, piping, controls and instrumentation.

Each CSS Division has the heat removal capacity to cool and depressurize the
containment atmosphere, such that containment design temperature and pressure are
not exceeded following a loss of coolant accident (LOCA) or a main steam line break

; (MSLB).
;

| De CSS limits the maximum flow in each Division.
t

He CSS pump and the Shutdown Cooling System (SCS) pump in the same Division
are connected by piping and valves such that the SCS pump in a Division can perform
the pumping function of the CSS pump in that Division. The piping and valves in the
cross <onnect line between the SCS pump suction and the CSS pump suction permit
flow in either direction.

4

A flow recirculation line around each CSS pump provides a minimum flowj

recirculation path.

He CSS pumps can be flow tested during plant operation.'

The AShE Code Section III Class for the CSS pressure retaining components shown
on Figure 2.4.6-1 is as depicted on the Figure.

He safety related equipment shown on Figure 2.4.6-1 is classified Seismic Category
L

1

CSS pressure retaining components shown on Figure 2.4.6-1, except the shell side of
the heat exchangers, have a design pressure outside Containment of at least 900 psig.

I 2.4.6 -1- umm
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J

| Displays of the CSS instrumentation shown on Figure 2.4.6-1 exist in the main control
room (MCR) or can be retrieved there. Controls exist in the MCR to start and stop

:

the CSS pumps, and to open and close those remote-operated valves shown on Figure
' 2.4.61. CSS alarms shown on Figure 2.4.61 are provided in the MCR.
,

S

|
Water is supplied to each CSS pump at a pressure greater than the pump's required
net positive suction head (NPSH).:

i

i ne Cass 1E loads shown on Figure 2.4.6-1 are powered from their respective Cass
1E Division. He CSS pump motor and the SCS pump motor in each Division are
powered from different Cass 1E buses in that same Division. |;

:

?
!

Independence is provided between Cass 1E Divisions and between Cass 1E Divisions
; !

i and non-Cass 1E equipment in the CSS.
.

! He two mechanical Divisions of the CSS are physically separated.

J

| De CSS pumps are started upon receipt of a containment spray actuation signal
(CSAS), except when the CSAS is aligned to the SCS pump in the same Division.

i
The isolation valves to the CSS spray headers and nozzles are opened upon receipt

] of a containment spray actuation signal (CSAS).
1

I
j Motor operated valves (MOVs) having an active safety function will open, or will

close, or will open and also close under differential pressure or fluid flow conditions, ,

1 and under temperature conditions.
:

Check valves shown on Figure 2.4.6-1 will open, or will close, or will open and also
close under system pressure, fluid flow conditions, or temperature condittons.

.

i
i

i

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.6-1 specifies the inspections, tests, analyses and associated acceptance
criteria for the Containment Spray System.

;

$ Ik e m e.r 9sn c.y coa,n%u t seen.y backup fuueb'o,v prev,' des a. ta

men.m of s urvin om w4e.n +e n e. ca d mmn4 speny
;

b hes der fr e,u c x 4 a4 |<.,a A c. o ' dsp a n dw+ s h.r.w / c a v r e.s. .

i

i
,

;

!
4

i
!

,

i I

2.4.6 2- tme ,

!
1i

;

1-

, - - ~- -,. - ,. .-



.

.

i

| SYSTEM 80+"
,

2.7.5 STATION SERVICE WATER SYSTEM
;

Design Description

The Station Service Water System (SSWS), in conjunction with the ultimate heat sink
(UHS), provides cooling water to remove heat from the component cooling water
system (CCWS).

He Basic Configuration of the SSWS is as shown on Figure 2.7.5-1. The SSWS is
a safety-related system as noted on the Figure.

He SSWS consists of two Divisions. Each SSWS Division receives heat from its
corresponding CCWS Division through the component cooling water heat exchangers.

Each Division of the SSWS has two station service water pumps, two station service
water strainers, piping, valves, controls, and instrumentation.

He SSWS pumps and strainers are located in the SSWS pump structure (s).
Interconnecting piping runs between the SSWS pump structure (s) and the component
cooling water heat exchanger structure.

The SSWS has the capacity to remove heat from the CCWS during operation,
shutdown, refueling, and design basis accident conditions. Each Division has the heat
dissipation capacity to achieve and maintain cold shutdown.

The ASME Code Section III Cass for the SSWS pressure retaining components
shown on Figure 2.7.5-1 is as depicted on the Figure.

He safety-related equipment shown on Figure 2.7.5-1 is classified Seismic Category
L

ne Cass IE loads shown on Figure 2.7.5-1 are powered from their respective Cass
1E Division.

Independence is provided between Cass 1E Divisions, and between Cass 1E
Divisions and non-Cass 1E equipment, in the SSWS.

The two mechanical Divisions of the SSWS are physically separated.

Displays of the SSWS instrumentation shown on Figure 2.7.5-1 exist in the main
control room (MCR) or can be retrieved there.

Controls exist in the MCR to start and stop the station service water pumps, and to
open and close those power operated valves shown on Figure 2.7.5-1.

2.7.5 -1- tut-n j
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Motor operated valves (MOVs) having an active safety function will open, or will
close, or will open and also close, under differential pressure or fluid Dow conditions
and under temperature conditions.

Check valves shown on Figure 2.7.5-1 will open, or will close, or will open and also
close, under system pressure, fluid flow conditions, or temperature conditions.

,

,

Interface Requirenients

The Ultimate Heat Sink (UHS) transfers heat from the SSWS to the environment
; during operation, shutdown, refueling, and design basis accident conditions. The

Ultimate Heat Sink is capable of dissipating a heat load of at least 143.0 million<

BTU /hr during the initial phase of a design basis accident. The UHS is sized so that
makeup water is not required for at least 30 days following a design basis accident.

,

During this period of 30 days, the design basis temperatures of safety-related
equipment are not exceeded.*

Water is supplied to each SSWS pump at a net positive suction head (NPSH) greater
than the pump's required NPSH.

He Station Service Water Pump Structure is classified Seismic Category I and
provides physical barriers to maintain separation of SSWS mechanical Divisions.

He SSWS pump structure ventilation system is classified Seismic Category I, and its
mechanical Divisions are separated by physical barriers.

Inspections, Tests, Analyses, and Acceptance Criteria

Table 2.7.5-1 specifies the inspections, tests, analyses and associated acceptance
criteria for the Station Servic Water System.

1 The scu)5 pump s 4 e ve.+ we. i s deu h ed Gud, 44 *4 * n
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3.1 PIPING DESIGN
d

Design Description

ne requirements for piping design in this section apply to AShE Class 1,2 and 3
piping that is classified as Seismic Category I unless otherwise noted.

Piping classified as Seismic Category Iis required to withstand the effects of a safe
shutdown earthquake (SSE), maintain dimensional stability, and remain functional.
Seismic Category I piping, structures,-systems and components assure: (1) the

_
integrity of the reactor coolant pressure boundary, and (2) the capability to shut down
the reactor and maintain it in a safe shutdown condition, or (3) the capability to
prevent or mitigate the consequences of accidents which could result in potential
offsite exposures.

Seismic Category I piping is designed to meet the requirements of the AShE Code,
Section m.

Applicable piping loads due to pressure, gravity, thermal expansion, seismic excitation,
wind, tornado, fluid transients, thermal stratification, missiles, and postulated pipe
breaks are considered in the piping analyses. Analytical methods and load
combinations used for analysis of piping systems will be referenced or specified in the
ASME Code certified stress report. Computer programs used for piping system
dynamic analysis shall be benchmarked.4

The as-built AShE Code Section m piping will be reconciled with the piping design
requirements described herein. He as-built reconciliation will be documented in the
as-built piping report.

Piping systems are designed to reduce the potential for effects of erosion / corrosion,
and to reduce the potential for waterhammer and steam hammer. Piping system
supports for Seismic Category I and II piping systems are designed to meet the
requirements of the AShE Code Section E. Subsection NF. Pipe loads applied to

attached equipment are shown to be less than the equipment allowable loads.g!?,

and Gbnedon pros $1f5J*hS*< Sed m -

- For those piping systems using terntic materials as permitted by the design-

_

specification, the materi will be chosen 9 --hIot susceptible to brittle fracture
under the expected service conditions. For those piping systems using austenitic
stainless steel materials as permitted by the design specification, the material and
fabrication process will be selected to reduce the possibility of cracking during service.
Chemical, fabrication, handling, welding, and examination requirements that reduce
the potential for cracking shall be employed.

|

|
,
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Piping systems classified as AShE Code Section III Class 1,2, or 3 are designed to
maintain dimensional stability and functional integrity under design loadings expected
to be experienced during a 60 year design life.

Design of piping systems provides for clearances between adjacent piping,
components, and other structures when the piping moves due to design static,4

dynamic, and thermal loadings.

He following piping systems are designed to meet leak-before-break (LBB) criteria:

Reactor coolant system hot leg piping, reactor coolant pump (RCP) suction
~

- piping and RCP discharge piping,

Surge line,
4

Main steam lines inside containment from the steam generator to the anchor
at the containment penetrations.

Shutdown cooling lines inside contmnment from the reactor coolant system
to the anchor at the containment penetration, and

Direct vessel injection lines inside contnmment from the reactor vessel to the
safety injection tank and the anchor at the contnmment penetration.

LBB acceptance criteria are established and LBB evaluations are performed for each
piping system designed to meet LBB criteria. For each piping system qualified for
LBB, the as-built piping and materials will be reconciled with the bases for the LBB
acceptance criteria.

Structures, componentt. , , _ and systems required for safe shutdown are
protected from the dynamic effects of postulated pipe creaks in Seismic Category I
and non-nuclear safety-related (NNS) piping systems where consideration of these
dynamic effects is not elimmated by LBB.gDesign of features which protect these
items consider, as applicable, pipe whip,jwater spray, jet impingement, floodmg,
compartment pressurization. and enviro ental conditions in the area where the
piping is located.

,

N #d $4a

hu.uk ,r A a 2 A la.e clocuh( h '
pp Jenk smua reys, hp
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Structures, systems, and components that are required to be functional during and
following an SSE are protected against the effects of spraying, Gooding, pressure, and
temperature due to postulated pipe breaks and cracks in Seismic Category I and NNS
piping systems. |

Inspections, Tests, Analyses and Acceptance Criteria

Table 3.1-1 spec 6es the inspections, tests, analyses, and associated acceptance criteria
for the Piping Design.

_

&
mp

i

|
|

4
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PIPING DESIGN docum enh veed /
Ins =ections. Tests. Analyses. and Acceptance Criteria (& /-ro,- JoIr. p -

~

Desima Commitment laspections. Tests. Analyses Acceptance Criteria
;'

1. 'Ibe as-built piping is reconciled with 1. A reconciliation analysis using the as 1. An as-built piping stress report exists 4'x

the as-designed piping configurations. designed and as-built information will be The as4 milt piping is reconciled with

performed. the piping derign requirements described
in the piping design description. For
ASME Code Class piping, the as-built
stress report includes the ASME Code
Certified Stress Report and
documentation of the results of the as-
built reconciliation analysis.

2. Piping systems classified as ASME 2. Inspection for the existence of ASME 2. ASME design reports for piping systems

Code Section III Class 1,2, or 3 are design reports will be performed. classified as ASME Code Section III
Class I,2, or 3 existg a,f,/ cofic/c/c7

designed to maintain dimensional g

stability and functional integrity under ./ M / /42 des p co //c5
g;/4 g g[ y,;.e,n (,4 ,.{ .jgdesign loadings expected to be

,
- y,experienced during a 60-year design

3. For each piping system qualified for 3. For each piping system qualified for 3. A LBB evaluation report exists which

inspection of the LBB documents that leak-before-breakLBB, the as-built piping and materials LBB, an

will be reconciled with the bases for the evaluation report will be performed. acceptance criteria are met by the as-
built piping and piping materials. !

LBb acceptance criteria.
|

.

!

!
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PIPING DESIGN s
h'

Jaspections. Tests. Analyses. and Acceptance Criteria he.bn. c.-u r
i n

etidendatafd, !"arib! Tests. Anahses Acceptance Criteriar --
Design COEB5BitIBCat s -

and
For piping systems with postulated pipe 4 A pipe break an is report exists and

4.
breaks, an inspection of the pipe break edy s .4. Structur'es, components p concludes that etures, systems, and

systems required for safe sh are

protected from the dynamic effects of report will be performed. An inspection components '- " ' ~.~ .3Menode-

ed cracks) postulated pipe breaksiin Seismic
of the as-built high energy pipe break :'- ::: C' . , 2, _. : remain--

-

-. s f Category I and non-nuclear safety- mitigation features 'll be performed. functional aHer postulated pipe breaks.

77j c g,.y e la r- c~',- ana/pg/f
related (NNS) piping systems where , , p 7 , ,,/ ,, j g . 4g ggfjj/'~

feconsideration of these dynamic effects is ,- -) '

not eliminated by J BB. fac4 por/u/4bd of <,<>y a l,ra of I"3 -,1g, cn -

p;pe c<.ck a~c beak sAJt -

~d me> lente- e > c ey y t:r c-Le docwr,er,44 in a prye
brenk dy.ru ryov-t l>ceak. m:+.gduon Tedan s

~

' (inclosum sy &G( sepcd,o,,).

.
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i 14.2.12.1.40 Containment Spray System (CBS) Test

1.0 OBJECTIVE
.

1.1 To verify the proper operation of the Containment Spray4

System and the containment spray pumps.

j 2.0 PREREOUISITES

2.1 Construction activities on the systems to be tested are
complete.

2.2 Plant systems required to support testing are operable
and temporary systems are installed and operable.,

2.3 Permanently installed instrumentation is operable and
,

calibrated.

$ 2.4 Test instrumentation is available and calibrated.
25 % e. t. m s m an c y c c rh on h u + sprasy 6Ac.Lep p w po,og dsus e.a. is operade .(

3.0 TEST METHOD;
,

3.1 Verify proper operation of each containment spray pump
with minimum flow established.,

| 3.2 Verify pump performance including head and flow
characteristics for all design flow paths.i

.

| 3.3 Verify, if applicable, proper operation, stroking |
speed, and position indication of control valves.

j

: 3.4 Verify by using service air that the Containment Spray
header and nozzles are free of obstructions.-

3.5 Verify the automatic operation of all components in
response to a containment Spray Actuation Signal.

!

3.6 Verify the interchangeability of the Shutdown Cooling
pumps with the CSS pumps.

.

! 3.7 Verify adequate heat removal capability by the CSS heat
; exchangers.
i

3.8 Verify power-operated valves fail to the position
specified in Section 6.5.2 and ' 6. 3. 2 upon loss of,

*

motive power. '

-

3A % ,', Z eusme.9 coahon*mt speny ha. Lap pv-p*~3 de vor <. W a c h ic*to y
*

* du cevia ,emw4 Spr-e y ee, un c.4s u. Wri f.; pvap,%3 f4.O DATA REOUIRED
de v,n pokm.a.161ss,L, he a <nd foo w e ka,., e.u r;,4,;

4.1 valve position indications.

4.2 Pump head versus flow characteristics.
,

4.3 Valve opening and closing time, where required.
,

Amendment U'

14.2-85 December 31, 1993
4
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4.4 Setpoints at which interlocks and alarms occur.

| 4.5 Position response of valves to loss of motive power.

5.0 ACCEPTANCE CRITERIA
|

5.1 The Containment Spray System and Containment Spray
Pumps perform as described in Section 6.5.

5. 2- % e e vs s-rw e.q cauda |,9 mu./ sp r~ n y b^ ck "P P'"t*' ^'1 O '" "
'

I M o c % s, o.& d e.1c.r-i b e.d iv S e < + i o u ,$1sAjr s-4 & ,

l -

!
l

!

|

|

l

!
|

|

Amendment U
14.2-86 December 31, 1993
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