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conservatively based on existing steam condensation data.

Because condensation oscillation occurs over a wide range of
blowdown conditions, two CO loads were defined. The first is a

high mass flux CO load which would correspond to the early

portion of a large break LOCA. The main components of this |14
load are defined as:

a. Sinusocidal Pressure Fluctuations

+ 4.5 psi @ 2-7 Hz |14
t 2.2 psi @ 11-13 Hz
b. Random Pressure Fluctuations
14

Steam Bubble Collapse: 15-50 Hz

The 2 to 7 hertz component specified represents an increase of
about 20% over the DFFR/NUREG-0487 load. The 11 to 13 hertz
component is an additional load to account for any vent acoustic
effects. The higher frequency portion of the load is added to
bound random high frequencies which may appear in test data.

At lower mass fluxes there may be a possibility of a higher
contribution from the vent acoustic effect with a corresponding
decrease in the low frequency component. The main components 14
of this load are defined as:

a. Sinusoidal Pressure Fluctuations
£ 2.2 psi 2-7 Hz '
¢t 3.8 psi 11-13 Hz

b. Random Pressure Fluctuations
Steam Bubble Collapse: 15-50 Hz

The 2 to 7 hertz component here is 50% of the low frequency
component used in the high mass flux load while the vent acoustic
amplitude has been conservatively assumed to be even higher than
the amplitude specified in the lower 2 to 7 hertz range in the
DFFR. The higher frequency load is defined as described above.
The Zimmer Empirical Condensation Oscillation Load bounds the
requirements of the NRC Lead Plant Acceptance Criteria
(NUREG-0487), as demonstrated by Figure 2.1-1,

2.1.4 Chugging

Chugging loads are divided into two areas. The chugging lateral
load is the self loading of the downcomer vent during chugging
and affects the design of the downcomers, bracing, and drywell
floor. The chugging event also generates a hydrodynamic load
which loads the submerged boundaries of the suppression pool.

4.1=2
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5.2 iAFETY/RELIEF VALVE (SRV) LOADS - PRESENT DESIGN LOADS

Actuation of safety/relief valves (SRV) produces direct transient
loads on components and structures in the suppression chamber
region and the associated structural response produces transient
loadings on piping systems and equipment in the ccitainment
region and reactor buLilding. These transient SRV loadings are
discussed in the following subsections.

Prior to actuation, the discharge piping of an SRV line contains
atmospheric air and a column of water corresponding to the.line
submergence. Following SRV actuation, pressure builds up inside
the piping as steam compresses the air in the line. The
resulting high-pressure air bubble that enters the pool
oscillates in the pool as it goes through cycles of overexpansion
and recompression. The bubble oscillations resulting from SRV
actuation and discharge cause oscillating pressures throughout the |14
pool, resulting in dynamic loads on pool boundaries and submerged
structures. These dynamic loads cause a dynamic structural
response sufficient to affect piping systems and equipment in the
containment and reactor buildings. The assessment of the
affected systems for these responses is discussed in Chapter 7.C.

Steam condensation vibration phenomena can occur if high-

pressure, high-temperature steam is continucusly discharged at
high-mass velocity from rams head devices into the pool, when

the pool is at elevated temperatures. This phenomena is 14
mitigated by maintaining a low pool temperature as discussed

in Chapter 8.0 and by installing quencher discharge devices.

The characteristics of the SRV actuation load vary depending on
the piping configuration and the discharge device (rams head or
quencher) located at the exit of the SRV line. Typically, the
quencher device produces lower dynamic loads. Zimmer :ower
Station used a bounding load calculated for a rams head device as
an original design basis for structures, equipment, and piping
systems. A bounding quencher load is now used. To provide
increased plant safety margins for containment SRV loads and to
increase the threshold temperature limit for steam condensation
vibration, SRV quencher devices are installed in the plant.

Pool temperature transients for several postulated cases
involving a stuck-open safety/relief valve are presented in
Section 8.2. The calculated maximum pool temperature was
calculated to be a few degrees below the threshold temperature
limit for steam condensation instability for a rams head
discharge device.

In order to increase the margin between the calculated maximum

temperature and this threshold temperature limit, it was decided
to install a quencher device having a higher suppression pool

5.2~1
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LOAD OR PHENOMENON

4) Pool Swell
Acceleration

e) Wetwell Air
Compression

f) Drywell Pressure
History

Loads on Sugmerged

Boundaries

Impact Loads

a) Small Structures

b) Large Structures

c) Grating

Wetwell Air Compression

a) Wall Loads

b) Diaphragm Upward
Loads

TABLE 5.4-1 (Cont'd)

MARE 11 OWNERS GROUP
_LOAD SPECIFICATION

Acceleration predicted by the PSAM.

Pool zoceleration is utilized in

the calculation of acceleration drag

during pool swell.

Wetwell air compression is cal-

culated by the PSAM.

Defines the

pressure loading on the wetwell
boundary above the pool surface

during pool swell.

Plant unique.
to calculate pool swell

Maximum bubble pressure predicted

load

Urilized by PSAM

5.

by the PSAM added uniformly to

local hydrostatic below vent exit
linear attenua-
Applied to

(wells and basemat)
tion to pool surface.

walls up to maximum pool swell

elevarion.

1.5 x Pressure-Velocity correla-

tion for pipes and | be
Constant duration pulse

anms .

None - Plant unique load where

applicable.

No impact load specified. P
vs. open area correlation an
velocity vs. elevation history

from the PSAM.

grag

Pirect application of the PSAM
calculated pressure duc to wet-

well compression.

2.5 psid

NRC REVIEW STATUS

Acceptable (1)

Acceptable (1)

Acceptable if based

on NEDM-10320. Other-
wise plant unique
reviews required. (1)

Acceptable (1)

NRC criteria 1.A.6 (1)

Plant unique review
where applicable,

NRC Criteria [.A.3 (1)

Acceptable (1)

NRC Criteria 1.A.4 (1)

ZIMMER POSITION ON ACCEPTANCE CRITERIA

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable.
swell zone.

dcceptable.

Acceptable

Acceptable

Zimmer has no large structures in the pool

Zimmer has no grating in pool swell area.

14
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5.

LOAD OR PHENOMENON

Asymmetric Load

C. Steam Condensation and
Chugging Loads

1.

L

Downcomer Lateral
Loads

a) Siagle Vent Loads

b) Multiple Vent Loads

Submerged Boundary
Loads

a) High Steam Flux
Loads

b) Medium Steam Flux
Loads

c) Chugging Loads

- uniform loading
condition

TABLE 5.4-1 ‘Cont'd)

MARK 11 OWNERS GROUP
LOAD SPECIFICATION

Use 102 of the maximum bubble
pressure statically applied to
% of the submerged boundary
(GE letter MFN-076-79, March
16, 1979).

8.8 kip static

Prescribes variation of load
per downcomer vs. number of
downcomers .

Sinusoidal pressure fluctuation
added to local hydrostatic.
Amplitude uniform below vent
exit-linear attentuation to pool
surface. 4.4 psi peak-to-peak
amplitude. 2 to 7 Hz frequencies.

Sinusoidal pressure fluctuation
added to local hydrostatic. Am-
plitude uniform below vent exit-
linear attenuation to pool surface.
7.5 psi peak-to-peak amplitude.

2 to 7 Hz frequencies.

Representative pressure fluc-
tuation taken from 4T test
added to local hydrostatic.

Maximum amplitude uniform below
vent exit-linear attenuation to
pool surface, +4.8 psi maximun
overpressure, =4.0 psi maximum
underpressure, 20 to 30 Hz
frequency.

Zimmer specific (Lead Plant)
chugging load criteria (based
on 47 test results) submitted
July 1980. Revision 1 to the
Lead Plant chugging report was
submitted feptember 1980.

NRC REVIEW STATUS

NRC Criteria in
Section I1.A.3 of
Supplement 1 to
NUREG-0487 (2)

NRC Criteria 1.B.1 (1)

NRC Criteria 1.8.2 (1)

Acceptable (1)

Acceptable (1)

Acceptable pending
resolution of FSI
concerns.

R R T -~

ZIMMER POSITION ON ACCEPTANCE CRITERIA

Acceptable

Acceptable

Acceptable

Acceptable. As described in the discussion of the Zimmer
Empirical Loads approach in Chapter 2.0, more conservative
loads have been used for assessment and redesign.

Acceptable

hcoceptable. Conservatism inherent in the use of 4T data
is discussed in Section 3.3.1.1.6.

¥Vad 11 WHVR-1-8d2

1861 TINdV
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I1.

LOAD OR PHENOMENON

- asymmetric loading
condition

SRV-Related Hydrodynamic
Loads

Pocl Temperature Limits for
KWU and GE four-arm quencher

Quencher Air Cleaning Loads

Quencher Tie-Down Loads

1.

Quencher Arm Loads

a) Four-Arm Quencher

b) KWU T-Quencher

TABLE 5.4-1 (Cont'd)

MARK 11 OWNERS GROUP
_LOAD_SPECIFICATION NRC REVIEW STATUS
Maximum amplitude uniform below

vent exit-linear attenuation to

poel surface. 20 psi maximum

overpressure, =14 psi maximum

underpressure, 20-30 Hz fre-

quency, peripheral variation of

amplitude follows observed

statistical distribution with

maximum and minimum dia-

metrically opposed.

NRC Criteria 11.1
and I1.3 (1)

None specified

NRC Criteria in
Section I1.B.5 of
Supplement 1 to
NUREG-0487 (2)

The methodology documented in
the Susguehanna DAR is used
for the T-quencher load
definition.

Vertical and lateral arm loads Acceptable
developed on the basis of bound-
ing assumptions for air/water
discharge from the quencher and
conservative combinations of
maximum/minimum bubble pressure
acting on the quencher.

T-quencher arm loads, as specified Acceptable
for SSES. (3)

ZIMMER POSITION ON ACCEPTANCE CRITERIA

Acceptable

The Zimmer station is being assessed for the T-quencher
loads. These loads are considered to be conservative
and demonstrate the adequacy of the Zimmer design. A
presentation on the impact of modifications to the SRV
frequency range was given in the February 13, 1979
meeting. Results of an assessment of the SRV T-quencher
frequency range was presented at the July 26, 1979
meeting. The conservatism of the T-quencher load in both
amplitude and frequency is described in Subsection 5.2.2.

A further demonstration of the conservatism of the lead
plant approach has been documented by Long Island
Lighting Co. (SNRC-374, March 30, 1979, Mr. Novarro
[LiLco] to Mr. S. A. Varga [RC] transmitting a reporr
entitled "Justification of Mark I1 Lead Plant SRV Load
Definition.")

In-plant tests will be run to demonstrate the adequacy
and conservatism of the design loads.

Acceptable

Acceptable. These loads have been calculated using the
m (nodology and assumptions wescribed in DFFR for !our-:;q

nchers, as recommended in the Acceptance Criteria.
= ,sencher methods were used to verify comservatisa,

-
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LOAD OR PHENOMENON

2. Quencher Tie-Down Loads

a) Four-Arm Quencher

b) KWU "T"-Quencher

Iir.

LOCA/SRV Jet Loads

1.

2.

LOCA/Rams Head SRV
Jet Loads

SRV-Quencher Jet
Loads

LOCA/SRV Air Bubble Drag

Loads

1.

LOCA Air Bubble
Loads

SRV-Rams Head Air
Bubble Loads

TABLE 5.4~1 (Cont'd)

MARK 11 OWNERS GROUP
LOAD SPECIFICATION

Inciudes vertical and lateral
arm load transmitted to the base-
mat via the tie-downs. See
11.C.1.a above plus vertical
transient wave and thrust loads.
Thrust load calculated using a
standard momentum balance. Ver-
tical and lateral moments for
air or water clearing are cal-
culated based on conservative
clearing assumptions.

T-quencher tie-down loads, as
specified for SSES. (3)

LOCA/SRY Submerged Structure Loads

Methodology based on a quasi-one-
dimensional model.

No loads specified for lead plants.
Model under development in long-
term program.

Petails of methodology are fncluded
in Appendix G.

The methodology i{s based on an
analytical model of the bubble
charging process including bubble
rise and oscillation. Accelera-
tion drag alone is considered.

NRC REVIEW STATUS

Acceptable

Acceptable

NRC Criteria in
Section 11.C.1 of
Supplement 1 to
NUREG-0487. (2)

NRC Criteria I11.A.2 (1)

NRC Criteria .
Section 11.C.2 of
Supplement 1 to
NUREG-0487. (2)

NRC Criteria II1.B.2 (1)

ZIMMER POSITION ON ACCEPTANCE CRITERIA

Acceptable

Acceptable. These loads have been calculated using the
methodology and assumptions described in DFFR for four-
arm quenchers, as recommended in the Acceptance Criteria.
KWU T-quencher methods were used to verify conservatism.

Acceptable. Rams head - N/A.
Subsection 5.3.2.1.

For LOCA jet see

Acceptable. The spherical zone of influence defined in
the Acceptance Criteria is not appropriate for the two-
arm quencher. A zone of influeace for each arm will be
defined as a cylinder with an axis coincidental with the
quencher arm. “he leagin of the cylinder will be equal
to the length of the qqcncher arm plus 10 end cap hcle
diameters. The radius of the cylinder is expected to
be quite small. However, because no sStructures are
within 5 feet of the quencher arm, 5 feet will be
assumed .

Acceptable

Acceptable. Used in Item 1IL1.B.3.

Standard drag is calculated and included for all sub-
merged structure load calculations. Other submerged
structure concerns in NUREG-0487 are addressed in
Appendix G.
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LOAD OR PHENOMENON

3. SRV-Quencher Air
Bubble Loads

€. Steam Condensation Drag
Loads

1V. Secondary Loads
A. Sonic Wave Load
B. Compressive Wave Load

C. Post Swell Wave Load

D. Seismic Slosh Load

E. Fallback Load on
Submerged Boundary

F. Thrust Loads

G. Friction Drag
Loads on Vents

H. Vent Clearing Loads

NOTES:

— R T S ———

B —

TABLE 5.4-1 (Cont'd)

MARK 11 OWNERS GROUP
LOAD SPECIFICATION

No quencher drag model provided
for lead plants. Lead plants
propose interim use of rams
head mode! (See 111.8.2 above).
Model will be developed in
long-term program.

No generic load wethodology
provided. Generic model

under development in long-
term program.

Negligible Load - none specified

Negligible Load - none specified

No generic load provided

No generic load provided

Negligible load - none specified

Momentum balance

Standard friction drag calculations

Negligible Load - none specified

(1) Per NUREG-0487 (NRC Mark 11 Lead Plant Acceptance Criteria)

(2) Per NUREG-0487, Supplement 1
(3) Per Susquehanna Steam Electric Station (SSES) Design Assessment Report (DAK).

NRC REVIEW STATUS

NRC Criteria IT1.B.3 (1)

Lead plant load spe-
cification and NRC
review.

Acceptable
Acceptable
Plant unique load
specification and
NRC review.
Plant unique load
specification and
NRC review.

Acceptable

Acceptable

Acceptable

Acceptable

R S — S T —— R

ZIMMER POSITION ON ACCEPTANCE CRITERIA

The bubble location and radius will be defined
sppropriately for T-quenchers. Bubbles are located
near the arms. The bubble size is predicted from the
line air volume.

pDescribed in Subsections 5.3.1.3.5 and 5.3.1.3.6.

———————— e

e

Described in Zimmer Closure Wt

Described in Zimmer Closure Report

e e

B

o ———— . o

e e e e
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LOAD OR PHENOMENON

MARK II OWNERS GROUP
LDAD SPECIFICATION

FUNCTIONAL
CAPABILITY

MASS-ENERGY
RELEASE FOR
ANNULUS PRESS.

QUESTIONS
MEB-2, MEB-5
MEB-3, MEB-5

MEB-1

MEB-2

8=%°5

MEB-6

MEB-7a and b

MEB-8

|

TABLE 5.4-1 (Cont'd)

NRC REVIEW STATUS

Interim technical
position (7/19/78)

Vergfy using IELAP“/
MOD

152 peak broadening
to be used.

Closely spaced modes
combined Per 1,92

Dynamic analysis
methods acceptable

OBE Damping - Level
Aor B
SSE Damping - Level

~

corbd

Seismic slosh-plant
unique review

lLoad Combinations:
AP+SSE
OBE+SRV

Functional capability

and piping acceptance
criteria

ZIMMER POSITION ON ACCEPTANCE CRITERIA

Acceptable, Rodabaugh criteria mey be used in some cases if
NRC finds acceptadle.

Acceptable

Acceptable

Acceptable. NSSS scope uses modified summation
per approved GESSAR.

Acceptable

Acceptable

Acceptable

Acceptable. See load combination table for Case #2 and #7.

See load combination table.

Wva 11 WHVR-1-8d2

861 TiNdV
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LOAD PHENOMENON

MARK I1 OWNERS GROUP
LOAD SPECIFICATION

NRC REVIEW STATUS

NOSRV‘ To B

Nosavlooss to B

N+SRV +SSE to C
all

N+SRV +OBE+IBA to C
ads

N+SRV +0BE+1IBA to C
ads

N+SRV_ . +SSE+IBA to C
ads

d
N+SSE+DBA to C
NtoA
N+OBE to B

N’SIW.OSSI‘bDlA te €

ZIMMER POSITION ON ACCEPTANCE CRITERIA

Acceptable
Acceptsble Approved GESSAR approach used for NSSS.
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Applied to containment structure ouly (See M 026.22 and
DFFR 5.2.4.)

¥VAQ 11 WHVR-1-8d2

1861 TIN4Y
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TABLE 6.1-1

LOAD ASYMMET-
EQN  COND poL R P T ROE Eg B B R W j SV s A MR SBGS
Normal
1 w/o Temp 1.4 1.7 1.0 1.0 - - - - - - - - - 1.5 0 X X
2 Normal
w/Temp 1.0 5.8 1.0 1.0 1.0 1.0 - - - - - - - k3 0 X X
3 Normal
Sev. Env. 1.0 1.0 1.0 1.0 1.0 1.0 1.25 - - - - - - 1.25 0 X X
4 Abnor nal 1.0 1.0 1.0 - - - - - 1.25 - 1.0 1.0 - 1.25 0 X
4a 1.0 1.0 1.0 - - - - - - 1.25 1.0 1.0 - 1.0 0 0 0 X
5 Abnormal
Sev. Env. 1.0 1.0 1.0 - - - 1.1 - 1.1 - s 1.0 - 1.1 X 0 X
5a 1.0 1.0 1.0 - - - 1.1 - - P 1.0 1.0 - 1.0 0 0 0 X o
@
L Normal -
Ext. Env. 1.0 1.0 1.0 1.0 1.0 1.0 - 1.0 - - - - - 1.0 0 X X |n g
7 Abnormal
Ext. Env. 1.0 1.0 1.0 - - - - 1.0 1.0 - 1.0 1.0 1.0 1.0 X 0 X -
7a 1.0 1.0 1.0 - - - - 1.0 - 1.0 1.0 1.0 1.0 1.0 0 0 0 X E

LOAD DESCKIPTION

D = Dead Loads Egg = Safe Shutdown Earthquake
L = Live Loads Py = SBA and IBA Pressure Load s

= Prestressing Loads Ty = Pipe Break Temperature Load ﬁ
T, = Operating Temperature Loads Ry = Pipe Break Temperature Reactions >
Ry = Operating Pipe Reactlois koed . >

= DBA Pressure lLoads (including all
pool hydrodynamic loadings)

Rg = Reactions and Jet Forces Due to
Ey = Operating Basis Earthquake Pipe Break

SBA = Small Break Accident IBA = Intermediate Break Accident

Py = Operating Pressure Loads Pa
SRV = Safety/Relief Valve Loads

*In any load comlinaticns, if the effect of any load other than D reduces , ;¢ design forces, it will be deleted from the combination.
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APRIL 1981
CHUG = Chugging load defined between 20 to 30
hertz; and
CO(EMPIRICAL) - Condensation oscillation load

including higher frequency
contributions (up to 50 hertz).
Includes the envelope of two
independent CO empirical loads (see
Chapter 2.0).

6.4.2.1.2 Piping Systems Qutside the Reactor Building

All essential and safety-related piping systems outside the
reactor building considered the effects of seismic loads. The
load combinations considered included the following:

LOAD COMBINATION ACCEPTANCE CRITERIA
N + OBE Service Level B
N + DBE Service Level C

where the loads are as defined in Subsection 6.4.2.1.1.

6.4.3 Balance-of-Plant Egquipment

6.4.3.1 Loading Combinations

The table below defines the combinations of the normal, seismic,
and pool dynamic loads considered in the equipment qualification:

a. N + OBE + Envelope (SRV TQ and SRV

ALL AsyT@)

b. N + Envelope (OBE and SSE) + Envelope
(SRYADSTQ and SRVASYTQ) + CO (Zimmer empirical
medium mass flux)¥

c. N + Envelope (OBE and SSE) + Envelope
(SRVADSTQ and SRVASYTQ) + Chugging

d. N + Envelope (OBE and SSE) + Envelope

(0.6 SRVADS-TQ and SRVagy-mg) + €O (Zimmer

empirical high mass flux)*
e. N + /JTAPJ7 ¥ (SSEJ?

*See Chapter 2.0 for explanation of condensation oscillation.

6.4.3.2 Acceptance Criteria

a. Allowable Stress Limits

1. ASME Equipment

14
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The transfer functions of the response were obtained by the
computer program FAST.

From Equation (1)

T (o) = Rk (o)
F (0)

in which Ry (¢) was the Fourier transform of the responses
saved in step (2) and F (¢) is the Fourier transform of the
white noise load used in step (1) of the above.

For steady-state solution of the harmonic load, by definition
from Equation (1), the transfer function itself was the
response.

For SRV loads with variable frequency, the transfer functions
were scanned in the frequency rance of the loading. The
maximum response could be obtained as the product of the
transfer functions and the Fourier transforms of the load,
using the FAST program. Response acceleration time histories

were also generated to obtain response spectra using the RSG
program.

In order to consider a conservative frequency content,
three KWU time history traces reported in the SSES DAR
were expanded into longer and shorter time history dura-
tions by multiplying the time scales by a factor of 2.0
and 0.9, respectively. In addition, the pressure scale
were multiplied by a factor of 1.5 for each of the three
traces.

The resulting structural responses to the various SRV
T-quencher loads were combined with the other appropriate
loads as per the load combinations shown in Table 6.1-1. The
margin factors from these load combinations are presented in
Tables 7.1-17 through 7.1-24.

2 Structural Analysis of LOCA Loads

The analysis of the structure for the LOCA loads was performed as
a set of analyses covering each LOCA related phenomenon

14
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Magnitude: ¢ 3.75 psi
Frequency: 2 to 7 hertz

The spatial distributions of the condensation oscillation lcads
are shown in Figure 7.1-13 for rams head design basis and in
Figure 7.1-14 for T-quencher design basis, as ¢ 3.75 psig acting
at a frequency 2 to 7 hertz on the basemat, containment, and
reactor pedestal.

The structural model describea in Subsection 7.1.2.1 was used for
the rams head design basis, and the one described in Subsection
7.1.1 was used for the T-quencher design basis.

The load was assumed to be harmonic in time, and only the steady-
state response was considered as being of interest. For this
purpose, frequency response variations were determined for all
response components of interest using the computer program FAST,
Appendix A, which obtained the complex frequency response by
calculation of the discrete Fourier transform of both load and
response. The frequency range of 2 to 7 hertz on the frequency
response was considered relevant in evaluating the structural
response.

The resulting structural responses to the condensation
oscillation loads were combined with the other approrriate loads
as per the load combinations shown in Table 6.1-1. The margin
factors from these combinations are presented in Tables 7.1-2
through 7.1-24.

In addition to the above CO load (2-7 hertz), an empirical
limiting CO load was considered in combination with the
T-quencher design basis of the ZPS-1 containment. This load wa:
intended to be a best estimate of the conservative load
specification which resulted from the full-scale condensation
oscillation test to be conducted in the 4T facility. All the
details for this load are described in Chapter <Z.0.

This ZPS-1 empirical CO load was incorporated for the T-quencher
design basis. The spatial distributions of this load are shown
in Figure 7.1-14.

The resulting structural responses to this empirical CO load were
combined with the other appropriate loads as per the load
combination shown in Table 6.1-1. The margin factors from the
load combinations are presented in Tables 7.1-25 through 7.1-28.

7.1.2.4 Chugging Analysis

The chugging loads used in the analysis are described in Section
5.3 and presented in Figure 7.1-15. The finite-element model
used in the analysis is described in Subsection 7.1.2.

14
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The forces of reactor support margin factor were obtained by
analysis using the model described in Subsection 7.1.2.1.

Margins shown in Table 7.1-14 for loading conditions 4a, 5a, and
7a on the drywell floor are for the LOCA effects, including the
lateral loads on the dow..comers. As per DFFR Subsection 4.4.6.6,
a net upward load of 9 psid acting on the drywell floor has been
considered.

Margins shown in Table 7.1-14 for loading conditions 1, 2, 3, and
6 on the drywell floor are for all the valves discharge loading
w'.ich clearly governs the design of the drywell floor rather than
the asymmetric two valve discharge loading.

Loading conditions 4, 5, and 7 in Table 7.1-14 include all loads
resulting from a small pipe break combined with the loads due to
the discharge of all 13 SRV's. This was done for reasons of
analytical expediency, since the discharge of all 13 SRV's
transmits significantly more energy to the drywell floor than the
6 valve ADS discharge. Since ZPS-1 can take this higher loading
case, the actual loading from the ADS valves was not considered.
For the drag loads on the downcomer, the maximum load described
in Section 5.2 was used for all loading combinations which
include SRV loads irrespective of the discharge mode (ALL,
ASYMMETRIC, or ADS).

T-QUENCHER DESIGN BASIS

LOAD COMBINATION WITH NRC CO LOAD (DFFR)

a. Basemat Tables 7.1-17 through 7.1-20
b. Containment wall Tables 7.1-21 through 7.1-24
LOAD COMBINATION WITH EMPIRICAL LIMITING CO LOAD

a. Basemat Tables 7.1-25 and 7.1-26

b. Containment wall Tables 7.1-27 and 7.1-28
The mavain f2~tors were calculated as results of the assessment
based on the NRC acceptance criteria (modified for the
T-quencher).

All the margin factors were greater than 1.0 except the following
cases:

7.1-12

| 14
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7.3 QOTHER_STRUCTURAL COMPONENTS

A reassessment for the additional effects of pool dynamic loads
was made for steel and concrete structures in the reactor
building including steel framing and galleries, cable pan
hangers, conduit hangers, HVAC duct hanger., and concrete slabs,
beams and shear walls. The design and analysis procedure for the
reascessment was the same as described in Subsections 3.8.3 and
3.8.4 of the ZPS-1 FSAR for the original design of the plant.
Load combinations described in Section 6.3 of this report were
used for the assessment.

7.3.1 Downcomers and Downcomer Bracing

7.3.1.1 General Description

There are 88 downcomers anchored in the drywell floor. The
downcomers are also connected to the containment structure by
horizontal bracing at elevation 496 feet. Figure 7.3-1 shows the
downcomers in the suppression pool, and Figure 7.3-2 shows the
layout of the horizontal bracing.

The bracing members are attached to embedment plates which are
anchored to the containment wall by a system of bolts and
backup cap devices. A typical detail of this attachment is
shown in Figure 7.3-4.

As shown in the Figure 7.3-4, the length of the bolt is such
that it does not interfere with the vertical or hoop tendons
in place. Leak tightness is restored by providing stainless
steel pipe caps over the bolts and stainless steel plate
inserts aiound the embedment plate. A typical detail of
connection of bracing to downcomer is shown in Figure 7.3-3.

The downcomers and downcomer bracing are subjected to static and
dynamic loads due to normal, upset, emergency, and faulted plant
operating conditions. The loadings cases were obtained from the
DFFR and are identified in detail in Subsection 7.3.1.2. The
loading combinations are explained in Subsection 7.3.1.3. The
design limits are identified in Subsection 7.3.1.4, and the
analytical methods are presented in Subsection 7.3.1.5.

7.3.1.1.1 Downcomer Prcuerties

The following are the properties of the downcomers:
a. outside diameter - 25.00 inches;
b. wall thickness - 0.500 inch;

c. weight per unit length - 131 lb/ft;

14
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d. material - SA-516, Grade 60; and

e. damping coefficient - 3%.

7.3.1.1.2 Bracing Properties

The following are the properties of the bracing:

a. outside diameter - 8.625 inches;

b. wall thickness - 0.875 inch;

7.3-1a

AMENDMENT 14
APRIL 1981

14



8-€°L

TABLE 7.3-1

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA

FOR _DOWNCOMER AND DOWNCOMER BRACING

LOAD NRC LOAD COMBINATION
CASE (NUREG-0487)
1 N+SRV*
2 N+SRVX+OBE
3 N+SRVX+SSE
R N+SRVADS+IBA(SBA)
5 N+SRVADS+OBE+IBA(SBA)
6 N+SRVADS+SSE+IBA(SBA)
7 N+SSE+DBA
8 N
9 N+OBE
10 N+SRV,+SSE+DBA

X

T-QUENCHER
DESIGN-BASIS

N+SRV

N+SRV

N+SRV

N+SRV

N+SRV

N+SRV

N+SSE+CO

N

N+OBE

+OBE

+SSE

+CHUG

+OBE+CHUG

+SSE+CHUG

ASME STRESS

CRITERIA
B (UPSET)
B (UPSET)
C (EMERGENCY)
C (EMERGENCY)
C (EMERGENCY)
C (EMERGENCY)
C (EMERGENCY)
A (NORMAL)
B (UPSET)

14

CONTAINMENT STRUCTURE ONLY JUSTIFICATION PROVIDED

BY GE.
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LEVELING SCREW
SEE DET F(S-468)

A

i

CLEARANCE LINES SEE
NOTE 20 FOR"AS-BUILT"
BOLT SPACING SEE

13
/g ¢ DRILLED

- HOLE (TYP)

o |

A
. ;*‘ar i

\,

':‘HL

SCHEDULE ($-470) ~ W
2?4 x 42 5-0" /

(A 588 GR50) —

XTYP)

FOR ANCHOR BOLTS

SEE DETAIL C

POOR ORIGINAL

WM. H. ZIMMER NUCLEAR POWER STATION. UNIT 1

MARK || DESIGN ASSESSMENT REPORT

EMBEDMENT PLATE
(SHEET 1 of 2)

FIGURE 7.3-4
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€ VERT. TENDONS

EMBECC 636 GROUT AS MANUFACTURED
BY THE MASTER BUILDER CO MIXING &

€ HORIZ TENDONS

APRIL 1981
— — - - :
xS SN o] Engt .
o "\ 4l o W

PRIMARY CONTAINMENT WALL L
= ]

@

42" @ DRILLED HOLE , 16" MAXIMUM
DEPTH FROM INSIDE FACE OF
PRIMARY CONTAINMENT WALL

PLACING OF COMPOUNDS SHALL BE 1
ACCORDING TO MANUFACTURER'S = > = |
RECOMMENDATIONS SEE NOTE 22 ‘ LR i g ~4'2"¢ 212" 4! wasnen
IMPERMEABLE MATERIAL | (A588 GR 50 )
WRAPPED & TAPED TO BOLT H ,
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(3" MAX UNDER BASE & ) ﬁgé NHE
i | 16 A g
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. ! ax THT [BAsE » e
174" 5.5 (%) - ~~
LINER R (1.P) ' _{T:B} f '
LEAK TEST b 2% | F RIMARY
S 51 NSIDE FACE OF PRIM

42" PROJECTED FIELD CUT
AFTER R IS INSTALLED

4" ¢ PIPE (A 312 TYPE 304
OR 36 )(S S XSCH. 40)

6" ¢ PIPE (A312 TYPE 304 OR3I6)
(S.S)(SCH 40)(OFFSET AS REQD
TC MAKE WELD )

R 2"xa'% ¢ (a240 TYPE
304 OR 316 ) (S.S )

R '2"x 7 @ (A 240 TYPE
304 OR 316) (5.5 )

SECTION A-A

CONTAINMENT WALL

/716 - FILLET WELD MAY BE
k . INCREASED UP TO 1/74

-z - '/us >
BACK - N ( )(TYP)
v, o SEE DET (S-468)
e -
TEST BOSS DRILL & TAP
FOR 1/4 ¢ PIPE
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W/HEAVY HEX. NUTS (SA-194 GR B7 )

JAM NUTS 8 HARDENED CIRCULAR
WASHER
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WM. H. ZIMMER NUCLEAR POWER STATION. UNIT 1

MARK I DESIGN ASSESSMENT REPORT

FIGURE 7.3-4

EMBEDMENT PLATE

(SHEET 2 of 2)




ZPS=1-MARFK II DAR AMENDMENT 14
APRIL 1981

CHAPTER 8.0 - SUPPPESSICON POOL WATEP TEMPERATUFE
MONITORING SYSTEM

8.1 SYSTEM DESIGN

R.1.1 BSafety Design Basis

The safety design basis for setting the temperature limits for
the suppressior pool terperature monitoring system are based on
providing the operator with adequate time to take the recessary
action rejuired to ensure that the suppression pool temperature
will always remain below the pool temperature limit established
by the MRC. Ar analysis of suppressior pool temperature
trarsierts can be found in Section R.2. The svstem design also
proviies the operator with necessary irformatiorn regarding
localized heatup of the pool water while the reactor vessel is
being depressurized. 1If relief valves are selected for
actnation, they may be chosen to ensure mixirg ard uniformity of
Freat energy injection to the pool.

8.1.2 General System Descriction

The suppression pool temperature monitorinjy system nonitors the
rool water temperature in order to prevert *he local pool water
temperature from exceeding the pool temperature limit during SRV
discharge a~d provides the operator with the informatior
rnecessary to prevent excessive ponl temperatures duririy a
trarsiernt or accident. Temperatures ir the pool are recorded ard
alarmed ir the main control room. The instrumentatior
arranjgement in the suppression pool consists of 18 local
temoerature sersors ir individual quide tubes rounted off the
Fool walls,

“he lncal temperature ser.sors consist of 18 dual-element, ccpper
coretantan thermocounles located 1 foot below the _ow water
level,

Twelve of the sensors are located off the outer suppression poJl
wall at azimuths 289, 459, 869, 1179, 1479, 1839, 2179, 240°
2639, 2779, 3259, ard 3449, The other six are located off the
pedestal at azimuths 559, 142°, 2029, 2469, 2989, and 34409,

The sensors ard readout devices are assigned to ESS-1 and ESS-2
divisions ané local discharge areas are moritored by two sensors,
one from eachk divisior. This rerresents a conservative
measur2ment of local pool water heatupn. All instrumerntatior will
be cualified Seismic Categorv T. The time constart of the
thermocouple irstal.ation will ke ro greater than 15 seconds.

"he difference betweer measuremert readina arnd actual temoerature
will be within ¢ 2° F.

The display techniaues for moritoring the »ool temperature are:

- POOR ORIGINAL
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a. to continuously input to the computer system the
measurement made by Element 1 of each of the nire
thermocourles in ESS-1 which can be displayed
individually or averaged by the computer to disrlay
the bulk temperature;

b. to sequentially record on a multipoint recorder the
measuremert made by Element 1 of each of the rnire
thermocouples in FSS-2 at a rate of 5 sec/point when
all nine are below the alarm level, ard at a rate of
1 sec/point when ary of the nine are above the alarm
level;

c. +0 cortinously record on a strip-chart recorder the
Lulk temperature oktaired by electrically averaging
the nire Flement 2 thermocouples of ESS-1; and

4. to cortinuously input to the computer system ard
display or @ hardwired indicator the bulk temperature
as obtaired by electrically averaging the nine
Elemert 2 thermocouples of ESS-2.

fach instrumentatior division has the capability of alarming toth
local and bulk high temperature. The computer system provices
temperature readout via CRT/data logger on demand. The above
corfiguratior provides the maximum flexibility for providing
redurdant »ool temperature irformation to the operator.

The querchirg of the steam at the auercher discharge forms jets
trat heat the water and gererate convection currerts ir the
suppression pool. These currents eventually rise ard displace
cooler water near the pool surface.

Miring ar extended blowdowrn, a large temperature aradient is ex-
pected irnitially rear the quercler. After a short time the pool
aradients will stabilize with a tulk to local temperature
difference »>f about 10° F The adequacy of the temperature
moritoring system will kv confirmed Ly the in-plart SRV testing.

8.1.3 Yormal Plant Operation

The temperature monitorina system is utilized during rormal plant
oreratior. to e~sure that the pool temperature will remain low
erough to corderse all guartities of steam that may lLe releaced
in any anticipated transient or rostulated accider+*. When rams
head devices were specified for desiqn, there was an NREC concern
that high gnol temuerature might result irn high pool dynamic
loads during SEV discharge because of unstable steam
corndensatior. Irstallation of T-juerchers has eliminated this
concern. Durirg normal plant operatiorn, the system is in
cortinuous operatior recordira the suprression pool water
temperature with a reajout in the main contrel room. Tf the pool
temperature rises atove normal oreratirg temperatures, ar alarm

~"" POOR DRIGINAL
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is actuated in the control room allowing the operator to take
actiorns as required to maintair pool temperature ktelow the rool
terperature limit as described ir Section 8.2.

8.1.4 Abnormal Plant Oreration

BIF plants take advantace of the laroe thermal capacity of the
suppression pool during plant transients which reguire relicr
valve actuation. The discharge of each relief valve is fpiped to
the suppression rool, witere the steam is cordersed. This results
i~ a »nool water temperature increase but a negligible increase irn
containment rressure. Fowever, certain events have the potential
for subcstartial erergy additior to the suppressior. pool and could
result ir a high local pool temperature if timely corrective
action is rot taken,.

When rams head discharae devices are used, test results and
orerating experience indicate that higl magnitude oscillatorv
loads may occur whler a high steam mass flux is irniected into a
pool with local temperature alove 1709 F. Although aralysis
demcnstrates that the pool temrerature will remair below 150° F,
when the steam mass flux is high erough to cause these loads,
T-guenchers have Yteen irstalled instead of the rams heads to
proviie aiditional margir to the pool temperature limits.

3.1.4.1 Plant T"ransients

5 subsection discusses variocus plant transients which result
ir SRV disctarges to the suprression pool ard which could
bly lead to hich pool temcerature.

8.1.4.2 Abrormal Evente

Various events t+hat result in energy peing discharged to the
suprressiorn pnol via the safety/relief valves are discussed ir

the followina naraaraph®. Most of these trarnsients are of short
duratiorn ara nave little effect orn the suppressior. pool
temperature. !owever, three everts have the potertial for
sukstantial.y high e-exay reiease to the pool tnat could result

in urniesiratbtly higk 000l temperatures if timely corrective action
is not <aker, Tlese events are: (1) events that result in the
isoclationr of the rlant from the mair. corderser, (2) stuck=-oren
relief valve, and (3) automatic depressurizatic-. svs+em (ADS)
operatiocn. A brief descrirtion of each of tl.se events is given
ir the followirg sutsectiors.

Be1l.4.3 Primary System Isclaticn

Wher the primary system ig isolated from the main condenser, the
reactor is scrammed automatically ard the stored erevgy i=n the
vessel interrals, fuel relaxatior erergy, and decay heat is
rejected to the sunpressiorn pool. The amount 2f hLeat rejected to
the pool deperds on reactor size, rover level, and primary svstem
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heat removal capability. This includes condensing type heat
exchangers whkich remove steam directly from the RPV.

B8.1.4.4 Stuck-Oren Relief Valve

The steam flow rate through a safety-relief valve (SPV) is
rroportional to reactor pressure. One method to termirate ererqgy
input to the ool is to scram tre reactor ard depressurize the
RPV in the event the relief valve cannot be closed. During the
erergy dump, the pool temperature will increase at a rate
determired Ly the RPV pressure, flow capacity of the SRV, primary
system heat removal system capakility, and suppressior nool water
Peat removal cavability.

Ho1.4.5 Automatic Depressurization System (ADS)

Activation of ADS results in rarid decvressurization of the FPV by
the opering of a desigrated rumbter of safety-relief valves.

Durirqg this trarsiert, the kulk supnression pool temperature |
rises. In a +ypica! case, the FPV is depressurized below 150 [
p8ia in about 10 mirutes.

8.1.5 Transients of Corcern

There are sever plart depressurizaticn transients that were
corsidered as limiting events (with rams heads) for ererqgy
released to the suppression pool. These events are rumbered 1
through 7 for ease of refererce and are described in tre
following paragraphns:

Evert 1 is a stuck-open relief valve with the reactor at full
power. The plant is scrammed ard deoressurizatior regun via the
stuck=-open valve. The iritial pool terperature is tne maximum
g0l temperature allowed for cortinuous operatior. This is the
orlv evert that is rot truly limiting, since all FH4? heat
exctanger ecuipmert is considered operatiora

Fvert 2 is identical to Event 1, except that one FYR heat ex-
charger 1s considered uravailakle., The vremainirg heat excharger
equipmert is placed ir the suprression pool coolira mode.

Event 3 is a stuck-open relief valve with the reactor isolated
from the main conder zer ard mairtained at operating pressure and
temperature., All FFR leat excharger ecuipment is corsidered
operatioral in this case, because if one heat exchanger is rot ‘
available, the reactor ray not remain isolated and rressurized.

The bulk pool temperature assumed irn this event if the lLighest
aliowed while the reactor is rmairtainirqg pressure.

Evert 4 1is a cortrollec Aderressurization from the plant
cordition iescrited ir Ivert 3. 1This evert demonstrates the
ability of the plant to safely depressurize through a controlled
transiert from the limiting conditions.
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Event 5 is a controlled depressurization several minutes after
reactor isolation descrited ir Fvent 3. One heat exchanger is
corsidered uravailalle tecause power operation in that condition
is not prohibited. TLkis event demonstates the ability to safely
depressurize the plant through a controlled transient with only
partial RHP heat exchancer equipment availability.

Evert € is a rarid depressurizatior of the reactor resulting from
actuation of the automatic depressurization system (ADS). ADS
actuation takes place at the time the plant is scrammed. Because
tris evert taxes prlace guickly, ro heat exchangers are trouaht
into operatiorn. This evert represents the most ranid energy
release to the pool ani demonstrates that the plant may be safely
depressurized in this manner without use of heat exchangers.

Evert 7 is also a rapid depressurization via ADS, but with the
reactor isolated and pressurized ard with a limitira pool
temperature corndition. All heat excharger equipmert is nlaced in
the pool cooling mode 0.5 hour after scram but is considered
uravailable wher depressurizatior beaire.
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8.2 SUPPRESSION PCOL TEMPERATUFE RESPONSE

B.2.1 Introduction

Thie submittal is in response to arn NRC request for suppression
Fool temperature caliculations for specified transierts. CGEE nas
worked with the Mark II Owrers Group ard the Mass/Eneray
Sukcommittee t, develop a gereric aovproach to this resporse.

This analysis was performed ir accordarce with the Mass/Eneray
"Wwhite Paper" (revision 1) and ircorporates a degree of
corserv-:,sm that causes the Zimmer vool temperature calculatiors
to sliqghtly exceed the tulk pool temperature goal of 1909 F in
two cases. C3f£E has identified cornservatisms and performed a
Zimmer plant irique analysis and sensitivity study. This
analysis and itudy indicates that 7PS-1 will not exceed the
desired goal «f 190° F for the postulated events.

The ¥Wm. H. 2imer Station "nit 1 (ZPS-1) takes advantage 2f the
large thermal cipacitance of the suppression pool during plart
transierts reyuivirng safety/relief valve (SRV) actuatior. The
discharged steam is pipved from the reactor pressure vessel (RPV)
to the suppressior pool where it corderses, resultirg ir a
temperature increaste of the pool water, but negligible ircrease
ir the cortainment ) ressure. Most trarsients that result in
relief valve actuatiins are of very short duration and have a
small effect on the siprressior pool temnerature. However,
certain postulated evints with congservative assumptions presert
the potential for subs-:artial erergy additions to the suppression
pool that coulid result in high pool temperature. See Figure
8.2-1 for a graphical revresentation.

8.2.1.1 System Descripticn

ZPf=1 uces tire residual heat removal (FER) system to remove hLeat
from the suppression pool. The FHR system consistes of three
independent loops. 7Two of these loops are equipned with 100%
capacity heat exchargers that are available in the pool cooling,
shutdown cooling, contairment spray, ard steam cordensing modes
of operation. The FHF fFeat exchangers are U-tulke, vertical Lead-
dowr units whLich use Ohio Piver water for tube side coolant. All
three RHER loope are availakle for the low pressure coolant
irjectiorn (LPCI) mode of operation. See Figures R,.2-2 throuah
f8.2-6 for a graphical renresertation of the PHF system.

Ir the pool coolirg mode of operatior, RHY® pump surtion is taker
from the suppression pool, cycled through the heat exchanaer, ard
returned to the rool. 1Irn shutdown cooling, pump suction is taken

-

from the reactor recircuvlation (kR) piping, cycled through tte

heat exchanger, ard returred to the reactor pressure vessel

(*PV). The steam coadersir.g mode removes steam from the RPV,
cordenses it in the heat excharager, ard returne it to the FPV via
the reactor core isolatior coolira (RCIC) system. The steam
co~densing mode is rot used ir this aralysis. The LPCI mode of
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operation is automatically initiated on hizh drywell pressure or
on low FPV water level (-14€ inches). In the LPCI mode, pump
suction is taker from thte suppression pool and cycled back to the
suppression pool throughk the mirimum €low bypass line until the
FPV reaches pressure permissive for injection into the RPV. See
Subsectior 5.5.7 of the Zimmer FSAR for the RHP system
description.

ZPS-1 is equippred with twc steam-driven feedwater opump turbines
(Figure 8,2-7) which receive their steam supply from the main
steamlires Jownstream from the mair steam isolation valves
(MSIV's). When MSIV closure occurs, the steam drivirg force to
the feedwater tuarkires is elimirated, causinag a rapid decrease in
the amount of feedwater enterirg the RPV. This treatment of the
feedwater system is not used in this analysis. 2ZPS-1 feedwater
system is descrited in Sulsection 10.4.7 of the ZPS-1 FSA%.

8.2.1.2 Backjround, Respcnse to NRC Request

Cincinnati Gas & rlectric Compary was asied to deronstrate, for
several postulated transients at Zimmer plant, that the NFC pool
temperature limit would not Le exceeded.

Tre MRC reguested figures showirg reactor pressure ard
suppression pool temperature versus *ire for the following
events:

a. stuck oper SFV juring power operation assuming
reactor scram at 10 minutes after pool temperature
reacked 110° F and all RHEE loops available;

b. same as above except only ore KRHR trair available;

C. stuck oper SRV during hot staniby conditior assuming

120° F pool temperature initially and orly one BRHF
train available;

d. aatomatic depressurization system (ADS) activated
durira 2 small line treak assumirg an initial pool
temperature of 120° ¥ and only one RHE train

availakle; and

€. the primary svstem is isolated and depressurized at a
rate of 100° F/hour with ar iritial pecol temoerature
of 1209 F ard only ore PHF trair available.

In addition, CS&E was asked to provide importart plart
parameters, such as, service water temperature, REF heat
exchanger capability, ard initial pool mass for the arnalysis.

This submittal of pool temnerature trarsients ansvers the NRC
recquest. The Mark II Owners Group "White Paper" (Fevision 1)

14
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‘ identified the six cases to pe analyzed by the Mark IT plants.
These are:
1. Stuck-Cpver Felief Valve

a. from power operation with loss of one FYR heat
exchanger, and

b. from power operation with spurious closure of
MSIV's.

2. Isolation/Scram (SRV TCiscnarge)
a. loss of one RHR heat exchanger, ard
I« stuck-oren relief valve.
3. Small kreak accidert
a. loss of one RKPR heat exchanger, ard
e loss of shutdown coolirge.
Pesults of the aralysis are listed ir Table 8.2-1, and shown in

Fioures 8.2-8 through 8.2-13. A list of important plant
. parameters is in Tarle 8.2-2.

f,2.1.3 Corservatisms

Subsection £.2.2.2 lists all the general assumptions and initial
corditions. 4Jany of the assumptiors used ir the analysis
maximize heat addition to the suppression »nool. For example,
with the exception of case 1a, MSIV's are assumed to close 3.5
seconds after scram. This elimirates the corderser as a heat j
gink and maximizes reat adiiticr to the suppression pool. ‘
Justificatiorn €or maintairina cordernser availakility in case 1a l
can be fourd in Attachment 9B, '

This analysis further maximizes hLeat additior to the RPYV by
assumirg not feedwater flows irto the 7PV throughout the |
transierts. In reality, however, MSIV closure elimirates steam
supply to the turbire-driven feedwater pumps which causes
termination of feedwater flow irto the KPV withir secords. The
FCCS pumps wonld ke tlre source for providing liguid inventory to
maintain RPV level or isolatior events. Since hot feedwater has

a much higher e~thalpy tha~ ECCS suction from the condensate ;
storage tarks or the surpressior. pool, the obvious differerce in
Freat addition to the RPV is a corservatism whiclk ras a

siorificant impact on pool temperature. A sensitivity study on
feedwater flow is ir Attachmert B8A.

. Usirg desigr fouling values for the RHF heat exchargers, coupled
with +he assumptior that 5% of the tubes are plugged, plus use of
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design temperature for the service water system greatly reduce
tre effectiveness of the RHP heat exchangers. A clean heat
exchanger is almos: twice as effective as one with desian
fouling. Design temperature of the service water system is

950 ¥: however, the average recorded temperature for the month of
August is B84° F, A record high river temperature of 589 F was
recorded only twice; first occurring ir August 1975, later ir
July 1977. C36E has performed an in-depth study of RHR heat
exchanger effectiveness, which can be found in Atrachment 8A,

The techrical specification values that maximize reat addition to
the suppression pool are: The events beqgin with the mirnimum
suppressior. pool volume allowed Ly the technical specifications.
Initial pool temperature is assumed to the maximurm allowed prior
to reactirg alarm setpoints. The operatior manually scrams the
reactor at 1109 F pool temperature, which is the maximum allowed
by the techrnical specifications. A maximum techrical
specification temperature of 120° F was chosen for the initiation
of manual depressurization of the RPV, Justificatior for a
manual scram nf the reactor at 110° F jool temperature is
provided in Attachment £C.

Nc credit is taken for lLeat lost tc the surroundings. The amount
of erergy re juired to heat up the submerged structures in the
wetwell is realected. Ir the small break case, the amount of
erergy rejuired to heat up *he drywell is all assumed to he
directed into the suppressior prool. Also, the energv "held up"
in the drywell is igrored. Furthermore, the invertory in the
feedwater system is assumed to remair at a constart temperature
throughout the transient; i.e., ro crecit is takern for heat lost
through the system boundary.

These cases bourd all of the Chapter 15.0 accident aralyses ir
tte FSAP, primarily because only ore heat excharger is used in
cases la, 2a, and 3a. 2Also, stored erergy dumped into the the
corderser ic mirimized due to spurious MSIV closure. See
Attachment 8E a comparison to Charcter 15.0 everts.

Using the conservative, normecharistic assumptions erumerated in
this suksectior, two of the Zimmer cases subtmitted sliqghtly
exceed the rulk pcol temperature goal of 1909 F (see Table
8-2-1) -

CGEF has evaluatel *he opvions available which couldl be
incorporated into the aralysis ir order to reduce the bulk pool
temperatures. Options irclude: rapid derressurization of the
FPV, mechanistic treatment of tlre feedwater system, or
elimination of some of the extra conservatisms used in +he
aralysis. 7Ir. this evaluation, CGSE hae performed sersitivity
studies on feedwater coastdow= rates, iritial suppressior pool
temperature, service wvater temperature, suppression pool volume,
FHE heat exchanger tube foulira, and tle nurber of heat
exchangeres in service. Tlre results of this study are in
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Attachment 8A. CGEE has chosen nct to implement anv unnecessary
rapid depressurizatiorns by operirg additional SRV's, »hecause it
violates technical specificatior maximum cooldown rates,
ircreases challenges to the safety relief valves, induces a load
trarsient on primary cortainment structures, and is rot
cornsistert with accepted operating procedures. It is not
believed that rapid depressurization is a desirable method of
reducing bulk pocl temperature.

The final values listed in Takle 8.2-1 are ir accordanrce with
"Jhite Paper" (revision 1) developed urder the direction of the
Mass Enerqgy Sukcommittee, which was €irarced by the Mark II
Cwners Grouv. CGEE has attemrted to work in accordance with the
gereric "white Parer" assumptiors; however, in this analysis,
feedwater provides makeun to the RPV, and the HPCS/RCIC is rot
utilized.

Pesults of the Zimmer specific cases which were performed by GC6E
are also ircluded in Attachmert 83 for your informatior.
Attachment 8A illustrates the degree of conservatism that was
used in the Zimmer pool temperature calculatiors ard further
shows that the 7immer results are within the limits specified by
the NRC,

8.2.2 Temperature Fesponse Analysis

This analysis was perfcrmed for the quencher SFV discharge
device. Pool temreratures were calcu.ated until a peak opool
temperature was reached.

B.2.2.1 Mocel Description

Hon-LOCA Events

To solve the transient response cf the reactor vessel anc
supression ponl temoerature due to the postulated events, a
coupled reactor vessel and suprression pool thermodynamic model
was used, The molel is based or the prirciplee of corservation
of mass and energy and accounts for any possible flow +o and from
the reactor vessel and the suprressior pool.

The model incorporates a control volume approach for the reactor
rressure vessel ard suprressior pcol. It is capable of tracking
a collapsed reactor vessel water level ard having a rate of
charge of *emperature or pressure imnosed on it. The various
modes of operation 0f tlke residual Leat removal (FKHR) system can
be simulated, as well as the relief valves, HPCS, FCIC, and
feedwater functions. Tle model also simulates system setpoints
(automatic ard marual) ani operator actions and accepte as irout
the specific vlant ceometry ard equimert capabilitv.
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Small Break Accident Model

I the small “reak accident aralysis, the mass ard eneray
corservatior. laws are applied to a control volume wnich includes
all of the reactor vessel contents and its walls. This control
volume is subjected to the boundary conditions of decay heat
input. The break ard tle safety/relief valve flow rates and the
associated fluid enthalpies are derived from the state of fluid
in the control volume urdergoirg the transiert and the specified
flow areas and locatiors.

The time-dependert rreak and safety/relief valve mass ard erergy
iows are then input to another control volume cortainina the
suppression pool. The pool temperature transient is obtained
ueing the ererqy ana mass balance equations or the suporession
rool.

P.2.2.2 General Assumptions ardé Initial Conditiors {"White Paper,"
Pevision 1, Excert As Ycted Py *)

The followirg commor assumotiore were used throuahout the
analysis of the 7PS-1 suprressior pool temperature response:

a. DNecay heat per ANE 5-20/10.
E. Design touling of TEF heat exchangers.

C. Aetwell air temoerature ejual to the supnressior pool
water temperature,

*d. Feedwater ir excess of instantareous pnol temperature
is assumed to maintain level rather tha- cordersate
storage tark inventory via RCIC and KPC3. This
assumptior raximizes heat addition to the pool.

€. I ralculating the overall heat trarsfer ccefficient
0f the vessel wall ard interral structures, it is
assured that the heat trarsfer is domirated hy
corduccior.. The heat transfer area of the reactor
internales is obtaired by assumirg that the averaqge
metal thickrese is 0.166 feet (2 inches).

f« The control volume of the reactor irncludes the
reactor vescel, the recirculatior lires, the
teeivater _ines from the vessel to the nearest
feedwater heaters, ard the steamlines from the vessel
to the inkoard main isolatior valves (1SIV).

d. The iritial water level in tte reactor vessel is
calculated tased or the assumption that the voide in
the two-phase reqion collapse. T™herefore, the FECCS
ON/OTF volurmes are kased or the total lituid volume
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of the reactor vessel, the feedwater lines, and the
recirculation lines comltined.

he The srecitic heat cf the reactor vessel and the
interral is assumed to be 0.123 Btu/ltm/°F. The
metal density is assumed to ke 490 lbm/ft3,

i. A stuck-orer relief valve can be detected ard the
correspondirg guencher withir the suppression chamber
iderntified.

je Additional safety/relief valves are marually opened
as necessary to depressurize the reactor.

ke Mirimum tecinical specification suppression pool
water level,

l. Maximum suppression ponl iritial temperature which
was 95° F during power operatior and 1209 F at hot
standty.

m. AS™ME safety/relief valve flow rate rated at 122.5%.

ne Yo credit ie taken for heat lost to the surroundings;
i.2., all erergy discharged from vessel is added to
the suppression pcol.

8.2.2.2 Descrintion of Non-LCCA Events

This subsectior. descrines the safety/reliet valve discharjes for
non=LNCA everts (Suksectior R.2.2.4 describes the LOCA event). )
complete descrintion of the sequence of events €or all of the
cases, i.e., Fvents la, 1b, 2a, 2b, 3a, and 2b is aiven in Tables
8.2-3 through ®,2-8,

Be.202.3.1 SCRV at Power

a. The SCFV is the initiating event and two single
failures are corsiderea separately:

1. loss of one PH® EX, ard
2. MSIV isclatior. siqral at ¢t = 0 minutes.

b. 1In accordance with the Techrical Srecificatiors,
manual escram occure at 1109 ¥, “Manual scram is
accomrlished ty armirg ard depressing the €our marual
scram buttors ard transferrirg the mode switch from
"rur® to "shutiown", ir accordance with CP,.FOP,.01,
Fevisicn 5, in Attachmert R8RC,

Co Pool coolinc initiated at t = 10 minutes.
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4. For a.l., main condenser remains availavle. See
Attachment EB.

e. For a.1., thte operalle RHR HX is placed in shutdown
c20lirg mode. For a.2., two REHR HX are available and

ro shutdowr coolira is used in the analysis.

B.2.2.3.2 1Isolation/Scram

a. Isolation/scram is the initiating event ard two
eingle failures are considered separately:

1. loss of ore RER HY, and

2. spurious failure of a safety/relief valve ir the
oper. positior (SCRV).

b. Pool coolira iritiated at ¢ = 10 minutes,
C. A reactor depressurization is 1initiated at 120° F,

d. For a.2., tte SORV is assumed to occur at t = 0
minutes.

e, For a.tl., tle operable RHR HX is placed in shutdown
cnoolirg mode. FfFor a.2., two RHF HX are available and
ro shutdowr coolirg is used.

f.2.2.4 Smal. Break Accident

a. 7Two sinale failures corsidered separately:
1. loes 0of one RHF kX, and

2. loss of shatdowr. cooling mode.

b. SCRAM or high irywell pressure ard MSIV closure
sigral assured at ¢t = 0 mirutes.
c. At t = 10 minutes, pool cooling is initiated.

d. A reactor depressurization is initiated at 1209 F,

e. For a.l., tie operakle RHR HX is placed in shutdowr
coolirg mode. TFor a.2., two RAR HX are available and
ro shutdowrn coolirg is used.

8.2.3 Pesults/Conculsions

Tre results obtained trom the ZPS-1 suppnressior pool temperature
aralyses are denicted ir Figures 9.z-8 through 8.2-13. Summary
resuits are preserted in Table 8.2-1, Conservative assumptions
were used for transient events preserted in this report. For

~ POOR ORIGINAL




ZPS=1-MARK 1II DAR AMENDMENT 14
APRIL 1981

example, maximum initial pocl temperature, minimum iritial pool
mass, design fouling of RHR heat excharger, contirued additior of
feedwater enerqy into tre reactor vessel, ard tte initial reactor
power corresponding up 102% of rated steam flow are corservative
parameters that will affect the rool temperature.

For the case of a stuck-open-relief valve from power (Figures
8.2-8 and 8.2-9), the peak bulk ponl temperatures are 1790 F
(loss of one RHP) and 1799 F (spurious isolatior).

The cases of isolation/scram are given in Fiqures 8,.2-10 and
8.2-11. The peak rulk pool temperature for these cases are
1929 F (loss of ore RHR) ard 18€° F (SCRV).

To maximize pool temperature, SEA analyses were pertormed without
actuation of ADS, as showr in Fiaures 8.2-12 and R.2-13. The
reak pool temperatures for these cases are 196° F (loss of ore
RFE)} and 1909 ¥ (loss of shutdowr cooling).

8.2.4 Summary

Tre initial Zimmer pool temperature calculatiors were performed
in accordance with "Assumptione for Use in Aralyzing Mark TI PWR
Suppression Pcol Temperature Resrorse to Plant Trarsients
Involving Safety/Felief Valve Discharge-Revision 1," transmitted
from Mr. Bucholz (GF), to Mr. Krniel (NPC), on January 9, 1981,
These assumptions are commonly referred to as the Yass/®reray
Subcommittee "White Paper" (Revision 1).

The calculatiors irdicate that tLe bulk pool temperature is
acceptable for all events corsidered, even though some very
conservative ronmecharistic assurptions were used. Ttem d. of
Suksectior f.2.2.2 states that, "Feedwater ir excess of
instantareous pool temperature is assumed to maintair level
rather than cordersate storage tank inventory via FCIC and HPCS.
This assumptino~ maximizes heat additior to the pool." 1In this
analysis, all the tot feedwater ir the system, includirg
feedwater heatere, is irjected, as reaquirei, into the TPV,
Furthermore, no crelit is taker for heat escaping trom the
feedwater through the pipe walls in these transierts, which may
reguire 5 to 6 rours to reach maximum pool temperature.

The 7immer statior las two steam-driver turbine feedwater pumps.
If treated mecharistically, these pumps would rapidly coast down
to zero flow after 4SIV closure. Vith feedwater ro lorger
availahble for maintairirqg water level in the vessel, the £CCS
phmps, taking suctior from the condensate storage tanks or the
suppression nool, would automatically iritiate on level 2 and
inject water irto tre LPV until vessel water level reaches

level A, This is considered mecharistic treatment of the

feedwater system.
... PODR DRIGINAL
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The obvious difference in hLeat adaition between feedwater malkeup
(romnmechanistic) and HPCS (mechanistic) is very significant in
the cases aralyzed. Foth CGEF and GE have run Zimmer cases
utilizing mechanistic feedwater treatmert, and the resulting bulk
pool temperatures are well below the goal of 1909 F in all cases
analyzed.

In this analysis, no credit was taken for heat sinks in the
drywell and the wetwell. TIn the SEA case, for example, all of
the heat gererated by tte inventory leaving the small break is
assumed to be disclraraed, via tke LOCA downcomers, into the
suppression pool. It is believed that it can be demonstrated
that significart heat "hold up" in the drywell would occur ir
this ¢vre of accident. Also, the submerged structures in the
wetwell, i.e., the downcomer bracirg, pool liner, etc., would
absorb some of the leat erergy entering the wetwell., These items
could significantly reduce the bulk pool temperature.

Tre Zimmer SFY discharge devices are T-quenchers. They are
submerged 18.5 feet at minimum pool volume (L%WL), which increases
the saturation temperature at tlte quencher device to
approximately 2359 F, Test data irndicates that the guencher
demonstrates stability at mass fluxes corresponding to the Zimmer
peak bulk pool temperatures. See Attachment 8F for the 7ZPS-1
saturatio» temperature at the guencher, and the correspondira
ircreased local rool terperature limits,

C3E6F has performed extersive studies or. the Zimmer RIF heat
evchangers. It is our intentior to have regular raintenance
performed on t+he FHF heat excharger tukte 1.D to remove corrosior.
causing agerts and to ersure that foulirg is kept to2 a minimum,
Discussions with various tube clearing comparies are ir the
rrelimirary stages. Cur studies irdicate that a relatively low
fouling factor (10X of desigr) counled with realistic but
coreervative service water temperature can reduce hulk pool
temperature as much as 309 F, Wwe have determined that regular
cleaning of heat exchancer tules will ensure a higher degree of
heat exchanger efficiercy. A clean heat exchanger is almost
twice as effective i, removing heat as ore that has reached
design foulirqg corditiors.

Plant modifications are being made on ZPS=1 to ensure that ro
sirgle failure will result in the loss of shutdowr. cooling ard an
RHYF heat excranger loop in pool cooling.

CGFE engireerirg and operatirag personnel are workirg tocether to
ersure that emergency ojeratiro procedures are corsistent with
the assumptions used i~ this aralysis. For your irformation,
please fird Reactor Scram Nperating procedure OP.FOP.01 and Stuck
Oper Relief Valve oferatirg rrocedure CP,.FOP.30 ir At*achment 8D.

... POOR ORIGINM
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The Zimmer in-plant tests will ccnfirm the bulk to local
temperature difference. The results described herein demonstrate
conformance with acceptable quercher pool temperature limits.

In summary, CGEE is taking steps to increase RHR system
availability and to ensure that operator actions and procedures
are corsister+ with the assumpticns used in this aralysis. The
ZPS-1 suppressior pool temperature response for all cases
aralyzed is acceptable.

8.2-11
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TABLE 8.2-1

PCOL TEMPERATURE ANALYSIS RESULTS

WHITE WHITE PAPER ATTACHMENT 8A
NRC PAPER ZIMMER BULK ZIMMER
CASE CASE POOL PEAK UNIQUE
NUMBER NUMBER TEMPERATURE TEMPERATURES
1. SORV at Power - b la 179° F N/A
Loss of 1 RHR Hx
2. SORV at Power - a 1b 179° F N/A
Spurious Isolation
3. Isolation/Scram - e 2a 192° F 184° F*
Loss of 1 RHR Hx
4. Isolation/Scram - SORV c 2b 186° F N/A
5. SBA-Loss of 1 RHR Hx d 3a 196° F 18)}° F*
6. SBA-Shutdown d 3b 190° F N/A

Cooling Not Available

* Assuming Feedwater coastdown to 0 flow occurs 30 seconds after SCRAM.
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TABLE 8.2-2

AMENDMENT 14
APRIL 1981

IMPORTANT SYSTEM CHARACTERISTICS

Initial Pool Mass

Initial Pocl Temperature
Initial RPV Liquid Mass
Initial RPV Steam Mass
RPV and Internals Mass

Initial Vessel Pressure

Initial Core Power (102% Rated)
Initial Steam Flow (102% Rated)
Initial CRD Flow

CRD Flow After Scram (P

0 )

RPV psig

CRD Enthalpy (From CSD)

IPCS On Volume

HPCS Off Volume

Vessel MAX P For Shutdown Cooling
RHR K In Shutdown Cooling

RHR In Pool Cocoling

RHR Flow Rate In Pool Cooling

RHR Flow Rate In Shutdown Cooling

S/RV Flow (122.5% ASME)

Feedwater

8.2-13

5.8 x 106 1bm

9s5°* F

457,300 lbm

17,800 1lbm
2,479,000 lbm
1,020 psia

2.35 x 10°% Btu/sec
2,968 lbm/sec

8.33 lbm/sec

23.6 lbm/sec

68 Btu/lbm
8,566 ft-
10,265 ft>
150 psia
190 Btu/sec®F
190 Btu/sec®F
702 lbm/sec
702 l1lbm/sec
P psia FLOW lbm/sec
0 0
1500 368
MASS (lbm) ENTHALPY
(pipe and fluid)
(Btu/1bm)
226,030 360
423,130 268
110,340 221

14
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TABLE 8.2-2 (Cont'd)

REACTOR POWER DECAY

TIME (seconds) POWER DECAY (fraction of 1)

0 1.084

2 0.5026
6 0.6271
10 0.5249
20 0.2309
30 0.1372
31 0.1370
60 0.0492
100 0.0427
120 0.0400
121 0.0390
200 0.0358
600 0.0279
1000 0.0245
1001 0.0244
2000 0.0192
6000 0.0138
10,000 0.0120
20,000 0.0101
6 x 10 .00739
1 x 10° .00624
2 x 10° .00512
1 x 10° .00298
4 x 10° .00180

8.2-14
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TABLE 8.2-3

POOL TEMPERATURE CONDITIONS - CASE la

NRC Case b

SORV at full power, 1 RHR available

Manual Scvam at Tpool = 110° F.

Mechanistic closure of the turbine stop and bypass valves
(Product Line Unique - BWR-4 or 5).

One RHR in pool cocling 10 minutes after high temperature
alarm.

Main condenser reestablished through bypass system 20
minutes after scram using plant specified bypass capacity.

Main condenser available using full bypass capacity until
reactor vessel permissive for RHR shutdown cooling.

RHR out-of-pool cooling when pressure permissive for RHR
shutdown cooling is reached. Sixteen-minute delay for RHR
transfer to shutdown cooling. (Additional SRV's opened, as
required, during switchover to ensure no repressurization
during switchover.)

8.2-15
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TABLE 8.2-4

POOL TEMPERATURE CONDITIONS - CASE 1b

NRC Case a

SORV at full power, 2 RHR's available

Manual Scram at Tpool = 110° F.

Nonmechanistic isolation at scram, with 3.5 seconds main
isolation valve closvuvre.

Two RHR's in pocl cooling 10 minutes after high pool temp-
erature alarm.

No manual depressurization is required. Depressurization
rate is controlled by SORV only.

RHR shutdown cocling not initiated.

8.2-16

14



ZPS-1-MARK II DAR AMENDMENT 14
APRIL 1981

TABLE 8.2-5

POOL TEMPERATURE CONDITIONS - CASE 2a

NRC Case e

Isolation-Scram (nonmechanistic), 1 RHR available

Isolation Scram at t = o, nonmechanistic, with 3.5 seconds
main isolation valve closure.

One RHR in pool cooling 10 minutes after the event.

When Tpool = 120° F, begin manual depressurization by
opening additional valves as needed. Depressurize at
100° F/hr.

RHR out-of-pool cooling when pressure permissive for RHR
shutdown cooling is reached. Sixteen-minute delay for
RHR transfer to shutdown cooling. (Additional SRV's
opened, as required, during switchover to ensure no
repressurization during switchover.)

8.2-17
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TABLE 8.2-6

POOL TEMPERATURE CONDITIONS - CASE 2b

NRC Case e
Isolation Scram (nonmechanistic), 2 RHR's available
Isolation Scram at t = o nonmechanistic, with 3.5 seconds
main isolation valve closure.
SORV at t = o.
Two RHR's in Pool Cooling at 10 minutes after the event.

When Tpool = 120° F, begin manual depressurization by
opening additional valves. Depressurize at 100° F.

RHR shutdown cooling not initiated.

8.2-18
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TABLE 8.2-7

POOL TEMPERATURE CONDITIONS - CASE 3a

NRC Case d

SBA Event Mode, 1 RHR Available

Scram at t = o on high drywell pressure.

Isolation at t = o (nonmechanistic), with 3.5 seconds main
isolation valve closure.

One RHR in pool cooling 10 minutes after high pool tempera-
ture alarm.

When Tpool = 120° F, begin manual depressurization by
opening additional SRV's as needed. Depressurize at
100° F/hr.

RHR out-of-pool cooling when pressure permissive for RHR
shutdown cooling is reached. Sixteen-minute delay for RHR
transfer to shutdown cooling. (SRV's opened, as required,
during switchover to ensure no repressurization during
switchover.)

Automatic RHR switchover to the LPCI mode occurs when the
high drywell pressure is reached. Therefore, RHR pool
cooling is assumed to be unavailable for the first 10
minutes after scram.

8.2-19
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TABLE 8.2-8

POOL TEMPERATURE CONDITIONS - CASE

AMENDMENT 14
APRIL 1981

3b

SBA Event,

NRC Case 4

2 RHR's Available

Scram at t = 0 on high drywell pressure.

Isolation at t = o (nonmechanistic), with 3.5 seconds main

isolation valve closure.

Two RHR's in pool cooling 10 minutes after high pool

temperature alarm.

When Tpool = 120° F, begin manual depressurization by
Depressurize at 100° F/hr.

opening SRV's as needed.
RHR shutdown cooling not

Automatic RHR switchover
high drywell pressure is
cooling is assumed to be
minutes after scram.

initiated.

to the LPCI mode occurs when the

reached. Therefore,

RHR pool

unavailable for the first 10

8.2-20
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ATTACHMENT 8A

The purpose of Attacihment 8A is to demonstrate the contribution
made by various conservatisms used in the Zimmer pool temperature
submittal, based on an independent study by CG&E Company. The
two primary items examined in this study are the feedwater

system and RHR heat exchanger performance.

Feedwater

Original cases 2a - Isclation Scram, and 3a - Small Break,
were chosen for the feedwater sensitivity study because these
two cases slightly exceed the maximum desired bulk pool temp-
erature of 190° F. This sensitivity study concludes that if
the feedwater system is treated mechanistically, bulk pool
temperatures are well below the 190° F goal. See Table 8A-1
for results of this sensitivity study. The mechanistic
assumptions used for this study are consistent with Zimmer
plant operating procedures, system performance, and Mass
Energy "White Paper", revision 1, transmitted fron Mr.
Buchholz (G.E.) to Mr. Kniel (NRC) on January 9, 1981.

Heat Exchanger Performance

Original case 3b - Small Break, was chosen for this sensitivity
study because two heat exchangers are in service in the pool
cooling mode throughout the event. This study demonstrates
that bulk pool temperature is very sensitive to the degree

of tube fouling used, and the number of heat exchangers in
service. It also demonstrates that bulk pool temperature for
this event is well below the goal of 190° F using one heat
exchanger only in the pool cooling mode, provided the tube
fouling does not exceed 10% of design fouling, and the

service water is reduced to the maximum recorded temperature.

See Table 8A-2 for results of this sensitivity study.

8A-1

14
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TABLE 8A-1

FEEDWATER SENSITIVITY STUDY CASES 2a and 3a

FEEDWATER COASTDOWN BULK POOL GOAL
CASE DESCRIPTION RATE (Seconds) TEMPERATURE °F  °F  COMMENTS
2a Isolation Scram, 1 Hx, 100° F/Hr Cooldown *N/A (Nonmechanistic) 192 190 White Paper
Case 2a
2a Isolation Scram, 1 Hx, 100° F/Hr Cooldown 7 Mechanistic 183.25 190 See Figure 8A-1
2a Isolation Scram, 1 Hx, 100° F/Hr Cooldown 15 Mechanistic 183.5 190 See Figure B8A-2
2a Isolation Scram, 1 Hx, 100° F/Hr Cooldown 30 Mechanistic 183.96 190 See Figure B8A-3
2a Isolation Scram, 1 Hx, 100° F/Hr Cooldown 6C Mechanistic 184.8 190 See Figure BA-4
3a Small Break, 1 Hx, 100° F/Hr Cooldown *N/A (Nonmechanistic) 196 190 White Paper
Case 3a
3a Small Break, 1 Hx, 100° F/Hr Cooldown 7 Mechanistic 181.7 190 See Figure BA-5
3a Small Break, 1 Hx, 100° F/Hr Cooldown 15 Mechanistic 182.94 190 See Figure BA-6
3a Small Break, 1 Hx, 100° F/Hr Cooldown 30 Mechanistic 181.18 190 See Figure 8A-7
3a Small Break, 1 H4x, 100° F/Hr Cooldown 60 Mechanistic 178.9 190 See Figure 8A-8

* Feedwater is assumed to be available throughout the transient and maintains vessel water level rather
than HPCS or RCIC.
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Case

Suppression
Pool Mass

3b base 5.8B0E6

1

10

5.80E6

5.80E6

5.80E6

5.80E6

5.80E6

5.80E6

Ser‘v'i('i‘
Water Temp-
erature °F

95 (design)

95 (design)

95 (design)

88 (hi record)

84 (avg. max.

Aug.)

60 (avg. yearly)

95 (design)

95 (design)

95 (design)

95 (design)

95 (design)

TABLE 8A-2
HEAT EXCHANGER SENSITIVITY STUDY - CASE 3b
(Pool Cooling Mode)

Bx K" Hx In Bulk Pool °F Change From

BTU/sec °F Service Temperature °F* Base Case Variance

190 2 190 White Paper Case 3b

198 (Design Fouling 1 207.8 Base case in sensi-

w/5% Plugged) tivity study

198 1 206 -1.8 Pool Level

198 1 204.5 -3.3 S.W.
Temperature

198 1 202.7 =5.1 S.W.
Temperature

198 1 192 -15.8 S.W.
Temperature

208 (Design Fouling) 1 205.7 =2.1 No Plugged
Tubes

248 (50% Design 1 198.2 -9.6 50% Design

Fouling) Fouling

295 (10%Z Design 1 190.9 -16.9 10% Design

Fouling) Fouling

341 (No Fouling) 1 184.6 -23.2 No
Fouling

323 (No Fouling, 1 187.0 -20.8 5%

5% Plugged) Plugged

SO ——
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Water Temp-
erature °F

95 (design)

95 (design)

88 (hi record)

84 (avg. max.

60 (avg. yearly)

95 (design)

95 (design)

95 (design)

95 (design)

95 (design)

Suppression Service
Pool Mass
Case 1bm
11 5.80E6
12 5.80E6
13 5.97E6
14 5.97E6
Aug.)
15 5.97E6
16 5.80E6
17 5.80E6
18 5.80E6
19 5.80E6
20 5.80E6
21 5.80E6

95 (design)

TABLE 8A-2 (Cont'd)

Hx COKII
BTU/sec °F

280 (10%Z Design
Fouling, 5% Plugged)

236 (50% Design
Fouling, 5% Plugged)

295 (10%Z Design
Fouling)

295 (10% Design
Fouling)

295 (10% Design
Fouling)

198 (Design Fouling
w/5% Plugged)

208 (Design Fouling)

Hx In
Service

1

248 (50% Design Fouling) 2

295 (10% Design
Fouling)

341 (No Fouling)

323 (No Fouling,
5% Plugged)

Bulk Pool

193.

200.

185.

183.

B 7

179.

177.

171.

165,

1

°F Change From

-24.2

-35.2

~28.:3

-29.9

-35.9

=42

-47.3

-45.3

Variance

10%
Fouling

50%
Fouling

Realistic
case 1%%

Realistic
case 2%%

Realistic
case 3%*

Add 1 Hx

No Plugged
Tubes

50% Design
Fouling

107% Design
Fouling

No Fouling

No Fouling.;

5% Plugged

14
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TABLE 8A-2 (Cont'd)

Suppression Service

Pool Mass Water Temp- Hx "K" Hx In Bulk Pool °F Change From
Case lbm erature °F __ BTU/sec °F __ Service Temperature °F* Base Case Variance
22 5.80E6 95 (design) 280 (10% Fouling, 2 167.6 -40.2 102
5% Plugged) Fouling,
5% Plugged
23 5.80E6 95 (design) 236 (50% Fouling, 2 173.6 -34.2 50%
5% Plugged) Fouling,
5% Plugged
* Desired maximum bulk pool temperature is 190° F.

*% Cases 13, 14, and 15 use estimates of heat exchanger fouling after 1 year of intermittent operation,
assuming units are flushed and laid up with demineralized water after each usage.

CONCLUSIONS
Pool volume changes do not significantly change bulk pool temperatures.

Changes in service water design temperature do not significantly affect bulk pool
temperature.

Heat exchanger fouling is a very significant factor.

The number of heat exchangers available is very significant.
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ATTACHMENT 8B

MAIN CONDENSER

The Mark 11 Owners Group (Reference 1) utilizes the main con-
denser in the transient analysis of a stuck-open relief valve
(SORV) at power with one residual heat removal system available.

Both Mark I operating experience and Zimmer transient analyses
have been evaulated and it was concluded that the main con-
denser will be available in the unlikely event that a relief
valve sticks open during reactor full-power operation.
Therefore, CG&E Company concurs with the Mark II Owners

Group position.

The use of the main condenser as a heat sink requires that the
bypass system be available, the circulating water system
function, and that the main steam isolation valves (MSIV)
remain open.

These three requirements are addressed as follows:

The only active components of the turbine bypass system are
three hydraulically-operated control valves which are capable
of being opened by remote manual operation.

Decay heat immediately following scram is less than 10% of
the initial core power. Only one out of the three valves
is required to meet the decay heat load (total bypass
capability [three valves] is 25% of the reactor heated
steam flow).

The bypass system, as described in FSAR Subsection 10.4.4, is
designed to control reactor pressure:

a. during the reactor heatup to rated pressure, while
the turbine generator is being brought up to
speed and synchronized,

b. during power operation when the reactor steam
generation exceeds the transient turbine steam
requirements, and

¢. during reactor cooldown.

Both a and b provide online operability checks to 3:nsure
that the bypass system 1s operable.

Online ensurance of operability and redundancy of components
(one required of three) ensures the availability of the bypass
system in the unlikely event that a relief valve sticks open
at reactor full-power operation.

8B-1
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The circulating water system function is to remove heat from
the main condenser. It does so by taking water from the
cooling tower, passing it through the main condenser, and
returning it tc¢ the cooling tower.

The cnly primary active components used to achieve the above
function are the three l/3-capacity circulating water pumps
anc two l00%-capacity cooling tower makeup pumps.

All three circulating water pumps and one cooling tower
makeup pump are in use when the reactor is at full power and,
therefore, all pumps must be in operation when the SORV is
postulated to occur. The failure of one circulating water
pump or one cooling tower makup pump will not degrade the
circulating water system below what is needed to supply a
sufficient amount of water for the removal of the decay heat
that will be bypassed (through the bypass valves) to the
main condenser.

The ensured cperability of the pumps/system and the redundancy
provided by the pumps ensures the availability of circulating
water to the condenser in the unlikely event that a relief
valve sticks open at reactor full-power operation.

In order to determine whether the main steam isolation valves
remain operi, the event sequence must be evaluated. The
following event sequence for a SORV occurring at reactor full
power has been choser to maximize the severity of the transient.
The initial conditions are the same as those utilized by the
Mark II Owners Group (Reference 1).

A safety/relief valve (SRV) spuriously opens and sticks open.

As described in the event sequence for manually scramming the
reactor with a SORV at reactor full power, (See Attachment 8D
OP.EOP.01 and OP.EOP.30) the alarms sound and automatic con-
trols adjust the generator load to the decrease in steam flow.
Prior to the pool temperature reaching TS3 (110° F) the
operator scrams the reactor by placing the reactor mode
switch into "shutdown". This procedure maintains the MSIV's
open when the reactor pressure falls below the low pressure
MSIV closure setpoint.

Following the scram, the feedwater system continues providing
makeup to the RPV thereby maintaining reactor vessel water
level, the turbine control valves (TCV) close as the RPV
pressure drops, and the stuck open relief valve continues to
depressurize the RPV. After scramming the reactor and
stabilizing the water level, the operatour places the RI'"R
system into suppression pool cooling. At this time, no MSIV
isolation signals have been generated.

As the SORV continued to depressurize the vessel to the "low
steamline pressure"” main steam isolation signal, the MSIV's

8B-2
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do not close. This isolation signal is bypassed when the
reactor mode switch is in shutdown.

Twenty minutes after the initiation of the transient, the
operator opens the bypass valves thereby utilizing the main
condenser as a heat sink. The bypass valves do not open auto-
matically due to the decreasing reactor pressure caused by

the SORV. Condenser vacuum is maintained by the steam jet

air ejectors (SJAE).

The main condenser and SORV continue cooling and depressurizing
the reactor. When the shutdown cooling pressure permissive is
reached, the main condenser is no longer used as a heat sink
and the RHR system is transferred to shutdown cooling.

From the above event description one can see that no mechan-
istic MSIV closure signals are generated and, therefore, the
MSIV's remain open.

The redundancy provided in the bypass and circulating water
systems and the use of the systems during plant operations
ensure their availability. The availability of the bypass
and circulating water systems along with the main steamline
isolation valves remaining open allow the operator to utilize
the main condenser as a heat sink. Therefore, CG&E Company
has justified that the main condenser is available for the
analysis of the postulated pool temperature transient in-
volving a stuck open relief valve at reactor full-power
operation coincident with the unavailability of one of the
two redundant residual heat removal systems.

REFERENCES

1. Letter plus enclosure dated January 9, 1981, from Mr.
Buchholz (GE) to Mr. Kniel (NRC) on Mark II Containment
Program, "Assumptions for Use in Analyzing Mark II BWR
Suppression Pool Temperature Response to Plant Transients
Involving Safety/Relief Valve Discharge-revision 1."
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ATTACHMENT 8C

MANUAL SCRAM

As identified by the Mark 1I Owners Group (Reference 1), it
is assumed that a manuai scram of the reactor occurs when the
suppression pcol temperature reaches TS3 for the transient
aralysis of a stuck open relief valve at power. TS3 is de-
fined as the maximum allowable suppression pool temperature
while maintaining the reactor critical.

CG&E Company concurs with this assumption for Zimmer. TS3
for Zimmer is 110° F.

In the unlikely event that a relief valve sticks open at
Zimmer, the operator would be alerted to this by both primary
and secondary alarms and plant parameter displays.

The following primary alarms/displays would indicate an open
valve immediately after the valve opened:

a. the SRV LEAK DETECTOR alarm,
b. the ADS/SRV OPEN position alarm, and
c. the ADS/SRV OPEN position indication.

The following secondary alarms/displays would identify changes
in the plant due to steam discharging through the open valve:

a. the continuous display Pool-Temperature recorder/
indicator would show an increasing pool temperature,

b. the pool temperature monitoring system would alarm
at Tsl (95° F),

c. power meters would indicate a generator load de-
crease with no change in reactor power, and

d. steam flow, feed flow mismatch could occur.

The above primary and secondary alarms/displays are those
that are representative of a stuck-open relief valve (SORV).
These alarms/displays provide the operator both immediate
and unambiguous indications of a stuck-oper relief valve and
high pool temperature.

In order to clarify what information the operator sees and
actions he must perform, the following event sequence is pro-
vided. This event sequence has been chosen to maximize the
severity of the transient. 1Initial conditions are the same
as those utilized by the Mark II Owners Group (Reference 1).

8C-1
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A safety/relief valve (SRV) spuriously opens and sticks open.
Immediately the ADS/SRV OPEN alarm sounds, the ADS/SRV OPEN
indication light for the specific valve turns on, and the SRV
LEAK DETECTOR alarm sounds. (1) Since it is assumed that the
pool temperature is just below TS1, at the outset of the
transient, the pool temperature monitoring system will alarm
immediately after the valve opens and the displayed temperature
will begin to increase.

Since steam is being diverted from the Turbine-Generator, the
generator load will decrease while a constant reactor power
is maintained. The operator at this time (<1 minute after
initiation of event) has a clear set of "symptoms" that indi-
cate a stuck-open relief valve has occurred. Operating pro-
cedures require the following operator actions:

a. Attempt to close the relief valve remote manually
by placing the control switch to open, than back
to auto two times, in accordance with OP.EOP. 30.
See Attachment 8D.

b. SCRAM the reactor and follow OP.EOP.0l. See
Attachment 8D.

c. Initiate pool cooling.
d. Open bypass valves fully.

After scram, the pool temperature monitor would continue to
show an increasing temperature and an alarm would sound when
TS3 was reached.

From the above description, it can be seen that the operator
has sufficient information via alarms and displays to immediately
identify a SORV.

Due to clear identification of a SORV and the minimal operator
action required, the reactor will be scrammed prior to the
bulk pool temperature reaching 110° F.

CG&E Company has provided diverse primary and secondary alarms/
displays and an extensive pool temperature monitoring system
that will provide an immediate identification of a SORV. CG&E
Company plant operating procedures provide for and require
specific actions be taken in the event of a SORV. CG&E Company

(1) phe ADS/SRV OPEN alarm and ADS/SRV OPEN indication light
are triggered by position switches which provide a positive
valve position indication. The SRV LEAK DETECTOR alarm
is triggered by discharge pipe thermocouples.

14




ZPS-1-MARK II DAR AMENDMENT 14
APRIL 1981

has, therefore, justified that a manual scram at TS3 (110° F)
is a conservative assumption for the evaluation of pool temp-
erature transients involving a stuck-cpen relief valve at power.

REFERENCES

l. Letter plus enclosure dated January 9, 1981, from Mr.
Buchholz (GE) to Mr. Kniel (NRC) on Mark II Containment
Program, "Assumptions for Use in Analyzing Mark II BWR
Suppression Pool Temperature Response to Plant Transients
Involving Safety/Relief Valve Discharge-revision 1."
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ATTACHMENT 8D
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ReVISION:
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376l REPORT TO THE CONTRUL RCCM,
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3edeld PREPARE FOR NCTIFICATION,
SUELLENENTARY _ACTION
4ol SENIDA_CONTZOL QPERATOR
“4elel ENTER OP«EPGeG2 CCONTAINMENT CONTAOQL"
CONCURRENTLY wlTH THIS PROCEOQURE.
9eled AHENeeoTHE SAUTOOWN COOLING INTERLICKS CLZAR,
THENeeoPLACE SHUTDCWN CCOLING IN SERVICE. SMITTING
THE maARMUP ANO FLUSHING RESUIREMENTS.
“e2  $aiET_SUPERVISCR
“4elel DECLARE &N UNUSUAL EVENT,
“e2el NOTIFY THE OPERATING ENGINEER.
“ele¢3 ENTER CPLI(POPC3e "PLANT SHUTOCAN" CUNCURRETLY

WlT TH!s PROCEDQURE .

POOR ORIGINAL
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TwE CINCINNATIL GAS & ELECTRIC CoMPaANnY
wW¥e Mo ZIMMER MNUCLEAR PUmE STATION
UNIT |

EVERGENCY CPERATING PROC=zOUARE
REACTUR SCkaw

PROCEDURE NuUMaER: P e=TP g1

- ————— ———— - — - —— -

PREPARED Qav: " ) E: 2
-—v%w.do-w ......... 'Art'_?.éy'.lg.]--
. T 5 -t :

REVIEAED av: - L at ol 5 N "3
l . ” _——«-—_“'-L.’.-4L.-t =3, ATE:

",‘k. A— - ——— - — -~
OPERATIONS x'uvuu‘,.l-»:__lﬁ' ‘4 ij?- ? __________ satgs A= ¥ ):_’
- ___:4 ________ —JATE: z']ql?’

STATIUN SUPER[INTE JDENT:



l«O

2e)

CO4RLIY LN

lel

REACTOR SCRAM GCCCURS PER ATTACHMENT .

AUTOMATIC ACTLO

S
elili.2253822

CONTROL RGOS ARE INSERTEOQ.
REACTOR PRESSURE CONTROLLED By DE~C AND/UOR 594/
HEACTOR LEVEL CONTRULLED AT [83.75".

R PUMPS MAY SHIFT FROM FAST TC SLOW SPES0 IR TalPe

EMERGENCY
GENERATORS
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)tACYgE‘igJA*

CORE COoCLING
MAY INITlATE.

YYSTEMS AND T HE JlesScl
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32
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CONTRYL _QPERATECR

Jelel AR AND DEPRESS THE & “MANUAL SC2aM BUTTONS.
3ele2 PLACE REACTOR MODE SwWITCH TO SHUTOOWw

Jeled INSERT [RM*S AND SRM*S

Jeled SHIFT APIM/IRM RECORDERS TO THe [RAM POSITIONS
TO MONITOR AND VERIFY REACTOR PUNER [ :(REASE.

3ele5 VERIFY AUTOMATIC ACTICONS.
Jelett MUONITOR RPY PRESSURE,

Jele? RE-ESTABLISH RPV WATER LEVEL ABGVE THE SCR4am
SETPUINT,.

2ENI0R CONTROL OPERATQR

Jel2el ANMNCUNCE OVER PA SYSTEYs "™REA(TOR 3CRAv,
REACTOR SCRAMY,

3e2ed MONITOR THE PRIMARY CONTAINMENT PUZSSUAES
TEAPERATURESe AND SUPPRESSICN PCUL LEV=ELa

3e2e3 ANNUUNCE ANY CONTAINMENT [SOLATIONS TO CIONTRGL
ROOM PERSONNEL o

Jedel VERIFY THE TURBINE GENERATUR MAS TRIZ2P

ALl

-
- e

Jedeld VERI[FY TRANSFER OF THE AUXILIARY =SLECTRICAL
LOADS .

Jeldeld VERIFY AUTQ STaRT «F  DIESEL GENERATORS, [F
APPLICABLE.

REPORT TO THE CONTRQL ROOM,
SUIET_TECHNICAL AQVISOR

-

REPORT TO TwE CONTROL RQOOM,

- - -.——--

Jetel RETURN TJ THE RADWASTE CONTROL ROCMe

Jeal SECLRE RALWASTE PRICESSES AS NECESSaavy,

" POOR ORIGINAL
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3ebed MNOTIFY THE MAIN CONTROL RCOCM OF ACTIONS TAKEY,
AND PROCEED AS DIRECTED av THE SHIFT
SUPERVISCR,

$aIEI_SYPERYISOR

3¢7el REPORT TO AND REMAIN [N THE CONTAZL ROIM.

3e7¢2 ASSUME EMERGENCY DJuTY SUPERVISIR.

373 ASSESS THE SITUATION.

CAS_0PERATOR

3e8el RESTRICTY CONTROL ROOM ACCESS

3.842 PREPARE FOR NOTIFICATION

SUEBLEMENTARY ACTIONS

“el

CONIROL _QPERATCR
Gelel ESTABLISH REACTOR #ATER LEVEL ETAEEN ol245"

“eled

“weleld

“oleb

“eleb

AND +58" WwilT« THE REP*S,

STYVAIVVLS STV UEITVT VRSV LU ST IQEUEIES NIV

3 [FeeeUNAALE TO RZSTCRE VESSEL LEVEL #
v v
b THENeeoPRUCEED TO QP EPG.OQLe e

LTSRNV USST VYIS SV VISV UV ISITEI LRGSO

PLACE FEEOwWATER CONTROL IN  SINGLZE ELE“ENT
COMTROL o

RESET THE SCRAM SETOCw'l FEATURE amE' JIAELTED
3y S5Se.

RETURN RT TQO SERVICE.

QETERMINE TrE CAUSE OF T=E SCRav,

waHEN ThE SCRAM SIoNAL MAS CLEARZO. 3YP2ASS T4E
SCRAM DISCHARGE YULUME aAND RESET  T=:z SCRam
VALVES.

{0TE ON CHART TRACES THE TIWE o ZvanT,

COMPLETE THE SCRAM REPIRT (ATTACHMENT 2.
}

- ————— ——————

[FeeoeSUPPRESSION POCL TEAPERAT yns ZALZ=325 938
JEG Foe OR CAYWELL TEAPERATURE ExCEEDS 135 2=
Fo JR DRYaclLlL 2ReSSURE EXCEEDS leod 2Si0e oK

JPEJP O L~

" POOR ORIGINAL
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SUPPRESSION POOL WATER LEVEL EXCEEDS 22 FTe o
INeo

THENeseeENTER OPEPG.02 CONTATNmENT CONTRIL
ANO EXECUTE IT CONCURRENTLY wlTH THIS
PROCEDURE .

bele2 CLOSE ANY SORV

A. IF AN SORv CANNOT BE CLOSED AFTzR 2
ATTEMPTS, VERIFY THE REACTUR | 89
SCRAMMED

4el2e3 IF SRY'S ARE CYCLINGe MANUALLY QOPEN ONE SAv
AND REQUCE RPv PRESSURE TO BELJw 900 PSlse

“ele RESET GROUP ISCLATIONS AS DIRECTED 3y TwHE 55
IN ACCORDANCE alTH QP ePLell PRIMARY
CONTAINMENT [SOLATION RESeT.

“ed LICENICO _PLANT OPERATOR
NOIE

P AUTOD INITIATION SIGNALS #ILL CAUSE a LIAUSHED N
SnlITCHGRCUP 1Ce 109 AND L=z

“eldel IF A LOADSHED OCCURREDy INITIATE QP.eIPe21y
LOSS CF AUuxILIARY ELeCTRICAL POwER.

Yelel VERIFY THAT THE TURSINE SUPPURT SySTEwWS €
PARAMETERS ARE WITHIN LIVWITS.

Gedel MAINTAIN AND/OR RE=-ESTAJLISH “AIN CINDENSER
VACUUM IN ACCORDANCE wlITH 2P.CAscl AS JIRECTED
3y THE SHIFT SuPcrv1S0R.

“ois asifl_SUcSRyises

“evel CHECK THAT TwE IvMMEDIATE ACTIONS JOF TwE
REACTOR SCRAM PROCEDURE =AvE 3IEEN  COWPLETED.
QIRECT SHIFT CREN4 MEMIEAS ON APPLICABLE
SUPPLEMENTARY ACTIONS.

beboel DETERIMINE THE CAUSE IF THE SCRAM AND CLEAR TwE
CONDITICNe IF POSSI3LE. CAOCR JINATE T-k
[wMEDIATE AND  SUPPLEWENTARY ACTICNS 1E T=&
APPROPRIATE PROCECURES.

Geve) DIRKECT THE CONTROL CPERATOR TC RESET Scraw,

Gewes [F CCNDITICNS EXIST  wmIC™ ARE JESCRIZED IN
TAGLE Feb=]l OF THE EVERGESNCY PLANy CECLARE:

A, UNUSUAL EVENT

4;’05 300-31‘5

.. POOR ORIGINAL
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8. ALERT
Co SITE EMERGENCY
O GENERAL EMERGENCY

“e%e5 nHAVE CAS OPERATODR INITIATE NOTIFICATIONSe AS
APPLICABLE.

Gebed HMAVE (OPJEPP.Q3y AIRBORMNE RELEASE CALCJLATIONS
PERFORMED IF AN INADVERTENT RELEASE JF
AIRBORNE RADICACTIVE “wATERIAL MAS QCCURRED as
VERIFIED BY ANY QOF THE FOLLOWING CONTRIL RQuUM
PANEL INOICATIONS:

Al AUDIBLE ALAR4S AND SUSTAINED [4CREASFED
REAQQUTS ON:

MAIN PLANT VENT STACK PACIATION

MONITOR; ANC/OR
QFFGAS PQST TREATMENT RADIATION
MONITAR; AND/OR
PLANT VENT PLENJM RADIATICN “ONITOR;
AND/CR
REFUELING FLODR VENT PLENUM RADIATICN
MUNITOR

Be AUTOMATIC INITIATION OF THE vG SYSTEV,

“ebel HAVE THE COMPUTER ANNUNCIATOR (O REVIEWED.
bedae? NOCTIFY THE PUwER SUPERVISOR.

“e%eld NOT[FY CPERATING eENGINEER OF REACT IR SCRAM AYD

CAUSE. F Cause IS CIRRECTZD, O8Taln
PEAIMISSION TO RESTART UNIT CR  SHUTUGLaN IN
ACCURDANCE wWITH OP.IPOP,03, SHUTOC AN ar

DPOEPG.O}' CJCLDOGV G )IOEL [\E.

“e%ell REJUEST THAT RAD/CHEM TECH JBTAIN A SAMPLE IF
REACTUOR wATER AND ANALYZE FOR O0SE EQUIVALENT
IODINE ACTIVITY, AT THE POST LOCA SavpLs
MONITOR,

QL3CYSS 10N

THE CONDITIONS AND SETPOINTS A™ICH COULD CAUSE a SCRam arcz
LISTED IN ATTACHYENT L. [F Auy JF THESE CONDITIONS ARE
OISCOVERED TO ExISTe SR [F IT IS5 EVIJENT TWAT aN ayTomaric
SCRAM IS uUNAVOIDABLE, T=E ARAEACTCOR SmluL) 2 4ANUALLY
SCRAMMED,

JPeECPeQOLl=>

= POOR ORIGINAL
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THE OPERATOR SHOULD BE AWARE THAT ANY SCRAM MAY CAUSE A
TEMPORARY LOw WATER LEVEL CONDITION IN THE REACTIR. T~IS
LEVEL MaY [INITIATE EMERGENCY C2RE COOLING SYSTEYS., THE
OPERATOR SHALL CONTINUOUSLY MONITOR RPy wWATER LEVEL USING
ALL AVAILASLE INSTARUMENTATICON AS FIOLLOWS:

1844 MLTLCA INSTRUMENT NQo 28:8L
NARROW RANGE ILR=1C34~R604 LH13-P503

(0" TC +o0%)

VARROW RANGE ILI=1C34~RoCsAsBel 1H413-P603
(0" TO +560")

A10E RANGE ILR=1821~-R&234A Im123=-P501
(+60"™ TO =159")

«[DE RANGE ILR=1B21-" 03B Inl13=-P501
(*60" TO =-150")

4IDE RANGE ILI-1B21-R&0Cs ini3=-P501
(*60" TO -150")

SHUTDOWN RANGE ILI=-1321-R605 Inl3-2202
(C™ TQ «00%)

FUEL ZONE RANGE ILI=-1321=-R610 1H13-PeCl
{*50% TC =1%Q0")

FUEL ZONE RANGE LLR=-1B821-R615S lkl13=-P6C1
{*30% TO =15%0")

;poE‘
=

m o

Pedl=7
VelS

.. POOR ORIGINA!



Le

3.
“e

Se

Te

He

e

1O

Li

4

3o

“e

Se

APRM:

Ae HI FLUX

Be FLOWw B8IAS FLUX

Ce KWl FLUX (FIXED)
Rx VESSEL PRESSURE HI
RX VESSEL LEVEL LOw

MSIV CLOSURE

MSL RADIATION nl

PRI CONT PRESS HI

SCRAM DISCH VvOL

LvL HI

TSV CLOSURE

TCv FAST CLOSURE

VCDE Sw IN 5S5HUTOOWN

MANUAL SCRaAM

110 DEG F SUPPRES

SORVe (AFTER 2 ATTEMPTS TO

ZPS-1-MARK II DAR

1207125 OF
FuLL SCaALE

15%

(OebbW + 51)% OR
113e5% ™Ax

1133

1043 PSIG

125 INCHES

6% CLOSURE
EITHER MSIV IN

3 OF ¢ STM LINES

IX FULL PCacR
SACKGROUMND

leb? PSIG

76 GALS

3 OF 4 TSV CLOSED 103
(tI1F >30% POwER)

850 PSIG CIL PRESSURE
{IF > 3U% PCwER)

N/ A
N/A

RANYAL_3GRANS

ION PCOL TEMPERATURE

RECLOSE)

TRIP QF BOTH RR PUMPS TU ZERQ SPEcJ.

L3SS COF 1A aAND ROD DRIFT.

)G PRETREATMENT

"ICNITCR

>3 Cl758L,

ATTAC
»:?.:JP Jl 3
REVeDS

8D-12
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REACTOR
MODE _SalTCH

Su
<UN
RUN
QuN

Su/RUN
SU/RUN

RUN

SJ/RUN

SJ/'(\«J

SU/RUN

"'J\‘

i7 A

SU/RUN

'POOR ORIGINAL
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Za
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WM Ur A 1ITeoommonowy

SCRAM

SCRAM T[ME:
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26840 _RE2Q0RT

"MUMBER:

_—— -

*AESCRAM CONDITIONS:

Q¢ REACTOR: CRITICAL N, SUBCRITICAL ) e L
8¢ PLANT EVOLUTIIN:START ypP SHUTTING OCa™N ____ STEADY 30 ___
Ce POWER LEVEL: ____ ____ X ncen SIS !
D¢ MCDOE SwlTCH: PRt il B L LI SU/sSTaY L AT =y -
€e TURBINE=-GEN:ISYNC ___ LOAQ s ™ __ - _____APN
Fe RECIRC FLCw ____________ ees NO OF Pymwes . _

CONTROLLER POSITIONS: _________ LOCAL MAN. __ __
e TURS LST STAGE PRESSet _ et s e e maa es5Is
Mo REACTOR STEaM POt o L8 /=S
e FEEDWATER FLOw: EF - e ST LT N e S Ty T S o L3/ R
Je CORE DIFF PReSS ANV FLOW: _______ -t C S = U Gt
Sl N L T L N | S Lt ie. SN]SO e, R LT N N
Le RPV PRESS: 235135

RELIEF valLVvE O

QPERATED
YESLNO

- ——————— ——— - — . - —— -~ - ——— -~ ——

PERATICN SuMMaARY:

ZCRENINGS ANyl AuID CIuMENTS

ATTACHMENTY 2
SPeEQPCL=3
SEvedd

POOR ORIGINAL
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Se MAXIMUM RPy PRESSURE PSIG

Oe [TEMS ATTACHED:

Ae CONTRCL RCOM LIG (CCPY)
Be COMPUTER LJG
Ce SEQUENCE CF EVENTS (COMPUTER)
Oe ANNUNCIATCR LOG
Ee RETORCER CHARTS = APPLICABLE SECTIONS OF:
MAIN PLANT VENT STACK RAQIATION MONITOR
OFFGAS POST TREATMENT RAQIATION “ONITOR
P ANT VENT D0 ENUM RADIATION MONITOR
REACTOR LEVEL
FEEDWATER FLOwW
STEAM FLOw
REACTOR PRESSURE
Te CAYSE _JE _AND OESCRUIPTION OF SCRAM
DESCRIBE THE SELUENCE OF EVENTS LEADJING UP TD AND FOLLOWING
THE SCRam, DESCRIBE UR SKeTCH aNY  AZNCRMAL JBSERVED
TRANSIENTS . DETEIMINE THE PRJIBABLE CAUSE AND ATTACH T=E
APPROPRIATE BCP AND NSS POST TRIP LOGS AND RECORDER (mARTS
TO THE SCRAM REPQRT.
T TIME T T OATE — TSATFT SUPEWISOR T

ATTACHMENT 2

JP <EQP.OLl~10Q

BD=14
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1-38

TABLE E-1
FSAR CHAPTCR 15 EVENTS VERSUS

LONG_TERM_POOL TEMPERATURE FVEH1S

SIMILAR LOKG TURM POOL TEMPERATURE EVENTS

CASES la,lb  CASES 2a,2b CASES 3a,3b
SORV SMALL HO POOL
Al ISOLATION/ AREAK TEMPERATURE

FSAR CHAPTER 15 EVENTS POWER SCRAM ACCIDENT INCREASE

39 %-

- % I el

Loss of Feedwaler leating X
Feedwater Controller Failure - Maximum Demand X

Pressure Regulator Failure - Open X

Inadvertent Safety Relief Valve Opening X

MWR Steam Piping Ureak N/A
Inadvertent IR Shutdown Cooling Operation X

15.2.

SN E DN -

15:3.1
2

3
4

Pressure Regulator Failure - Closed X
fienerator Load Rejecl

Turbine Trip

M51V Closures

Loss of Condenser Vacuum

Loss of AC Power

loss of Feedwater Flow
teedwater Line Nreak

Failure of RUR Shuldown Cooling

WO 2 e 3 T 2

Recirculabtion Pump Trip
Recirculation Flow Contral Failure - X
Decreasing Flow

Recirculation Pump Seizure X
Recivculatyon Pump Shaft Break X

>0

WVd 11 MAVR-1-SdZ

1861 "118dV
T ININANIRV
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Suppression Pool Temperature
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Limiting the Suppression Pool
Temperature

Lateral Loads on Downcomers
During Vent Clearing

Vent Exit Flanges

Static Equivalent Loads for Down-
comers with Diameter < 24 Inches
Multiple Downcomer Loading
Maximum Pool Swell Elevation
Upward AP

Drag Loads on Submerged Structures
Calculated Drywell Pressure
Impact Pressures
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Chugging Loads

Main Vent Condensation Loads

on Submerged Structures
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® QUESTION 020.63

"For limiting the suppression pool temperature, provide
the following additional information:

"(1l) Present the temperature transient of the suppression

"(2)

"(3)

. RESPONSE

pool starting from the specified temperature limits
for the following transients:

(a) Stuck open relief valve
(b) Primary system isolation
(c) Initiation of auto depressurization system

Describe the instrumentation which will alert the
operator to take action to prevent the pool tempera-
ture limit to be exceeded.

Describe the operator actions and operational se-
quence for those transients stated in Item 1 above.
Provide and justify the assumptions of time for
initiating each action and the corresponding pool
temperature."

The information requested is included in Chapter 8.0 of the
Design Assessment Report.

B-38a
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G.5 FLOW BLOCKAGE EFFECTS OF DOWNCOMER BRACING

G.5.1 Correction Factor For Blockage

The downcomer bracing is a flow restriction which increases
the fluid velocity and acceleration during pool swell.

As a result, the standard drag, acceleration drag and lift
loads on structures in the pool swell zone are higher than
those which would exist if no downcomer bracing was present.
Although the pool swell loads are not design-controlling
criteria, the load calculations were adjusted for blockage
effects by introducing a multiplicative factor to the fluid
velocity and acceleration.

A method of correction has been developed based on References
1 and 2. A multiplicative factor has been determined based
upon Maskell's paper (Reference 2):

where:

c

is
in
is
is
is

is

The value of the

geometry.

_— = l+ncC )
[ Df E] (1)

the modified drag coefficient of structures
the pool swell zone

the steady flow, free stream drag coefficient
the blockage factor

the total blocked area

the unrestricted flow area.

blockage factor, n, depends upon the structure's

The blockage ratio varies from 0.96 to 2.77 for

structures with aspect ratios, AR, from = to 1.0, respectively.
Maskell (1963) recommends a blockage factor of 2.5 for

bluff bodies and the value is considered conservative for

the suppression pool bracing system.

The unrestricted flow area, C, is the p ol surface area
minus the area of the columns, downcomers and MSRV lines.
The blocked area, S, includes all the flanges and members

of the bracing system. The drag coefficient used on the
right side of equation (1) is the steady flow, free stream
drag coefficient of the particular structure being analyzed.

14
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Equation (1) can be rearranged to obtain
p. = (1‘+n c §)C (2)
m D C D
F f
2 -
By

where f is defined as the blockage correction factor. Since

f is proportional to the drag coefficients, and hence to

the square of the velocity, the fluid velocity and acceleration
are multiplied by the square root of f. For consistency,

the same multiplicative factor is used for the velocity

and acceleration.

As a result, the pool swell loads are calculated by the
following equations:

Standard Drag Load: F p (VE V)ZCD A

LJ
>
|}
T

Acceleration Drag Load: F, = p (/?'a)cm v

Lift Load: F, =3 0 [ff" v]chA
where:
P is the fluid density
f is the blockage correction factor
\Y is the fluid velocity
CD is standard drag coefficient which accounts

for any interference effects

A is the projected cross-sectional area of the
structure

CI is the lift coefficient

a is the fluid acceleration

Cn is the inertial coefficient

VS is the structure's volume.

G.5-2

14



