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Design Basis Accident (DBA) Transient
Intermediate Break Accident (IBA) Transients
Small Break Accident (SBA) Transients

LOCA
LOCA
LOCA
LOCA
LOCA
LOCA
LOCA
LOCA

Loading Histories for LGS Containment Components

Loads
Loads
Loads
Loads
Loads
Loads
Loads

References

on
on
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on
on

the Containment Wall and Pedestal
the Basemat and Liner Plate
the Drywell and Drywell Floor

the Columns

the Downcomers

the Downcomer Bracing
Wetwell Piping

LOAD COMBINATIONS FOR STRUCTURES, PIPING, AND
EQUIPMENT

INTRODUCTION

LOAD COMBINATIONS FOR CONCRETE DESIGN IN

CONTAINMENT, REACTOR ENCLOSURE, AND CONTROL
STRUCTURE
References

STRUCTURAL STEEL AND ASME CLASS MC STEEL COMPONENTS

LOAD CCMBINATIONS

LINER PLATE LOAD COMBINATIONS

DOWNCOMER LOAD COMBINATIONS

PIPING, QUENCHER, AND QUENCHER SUPPORT LOAD
COMBINATIONS

Load Considerations for Piping Inside the Drywell
Load Considerations for Piping Inside the Wetwell
Quencher and Quencher Support Load Considerations

Load Considerations for Piping in the Reactor
Enclosure

NSSS LOAD COMBINATIONS

BOP EQUIPMENT LOAD COMBINATIONS

ELECTRICAL RACEWAY SYSTEM LOAD COMBINATIONS

HVAC DUCT SYSTEM LOAD COMBINATIONS
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CHAPTER 6 DESIGN CAPABILITY ASSESSMENT CRITERIA

6.1 INTRODUCTION

6.2 CONTAINMB&T, REACTOR ENCLOSURE, AND CONTROL
STRUCTURE CAPABILITY ASSESSMENT CRITERIA

$:3:7 Containment Structure Capability Assessment Criteria

6.2.2 Reactor Enclosure and Control Structure Capability
Assessment Criteria

6.3 STRUCTURAL STEEL CAPABILITY ASSESSMENT CRITERIA

6.4 LINER PLATE CAPABILITY ASSESSMENT CRITERIA

6.4.1 References

6.5 DOWNCOMER CAPABILITY ASSESSMENT CRITERIA

6.6 PIPING, QUENCHER AND QUENCHER SUPPORT CAPABILITY

ASSESSMENT CRITERIA

N
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NSSS CAPABILITY ASSESSMENT CRITERIA
6.8 BOP EQUIPMENT CAPABILITY ASSESSMENT CRITERIA

6.9 ELECTRICAL RACEWAY SYSTEM CAPABILITY ASSESSMENT
CRITERIA

6.10 HVAC DUCT SYSTEM CAPABILITY ASSESSMENT CRITERIA

CHAPTER 7 DESIGN ASSESSMENT

7.1 ASSESSMENT METHODOLOGY

~
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Containment, Reactor Enclosure, and Control
Structure Assessment Methodology
Containment Structure

Reactor Enclosure and Control Structure
Structural Steel Assessment Methodology
Suppression Chamber Columns

Downcomer Bracing

ASME Class MC Steel Components

Liner Plate Assessment Methodology
Downcomer Assessment Methodology
Structural Model

Loads

3 Analysis
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CHAPTER 8
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Design Assessment

Fatigue Evaluation of Downcomers in Wetwell

Airspace
Piping and SRV Systems Assessment
Methodology

Fatigue Evaluation of MSRV Discharge Lines

in Wetwell Air Volume

NSSS Assessment Methodology

BOP Equipment Assessment Method: logy

Dynamic Loads

Load Combinations

Other Loads

Qualification Methods

Electrical Raceway System Assessment
Methodology

General

Loads

Analytical Methods

HVAC Duct System Assessment Methodology

References

DESIGN CAPABILITY MARGINS

Stress Margins

Containment Structure

Reactor Enclosure and Control Structure
Suppression Chamber Columns

Downcomer Bracing

Liner Plate

Downcomers

Electrical Raceway System

HVAC Duct System

ASME Class MC Steel Components Margin
Piping and MSRV Systems Margins

BOP Equipment Margins

NSSS Margins

Acceleration Response Spectra
Conta:nment Structure

Reactor Enclosure and Control Structure

MARK 11 T-QUENCHER VERIFICATION TEST

(See Proprietary Section)

RESPONSE TO NRC QUESTIONS
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LGS DAR

1.3 MARK II CONTAINMENT PROGRAM

Philadephia Electric is a member of the Mark II owners group that
was formed in June 1975 to define and investigate the dynamic
loads due to SRV discharge and LOCA. The methods for calculating
these hydrodynamic loads are described in the DFFR (Reference
1.3-1). The DFFR also specifies load combinations for plant
design assessment. The methods provided in the DFFR are based on
a combination of analytical models, test data, and engineering
judgment. The methods and information provided are sufficient
for use in a conservative evaluation of the design adequacy of
Mark II structures and components.

The Mark Il Owners Group Containment Program concentrated
initially on the tasks required for the licensing of the lead
plants (Zimmer, Lasalle, and Shoreham). This Lead-Plant Program
established interim bounding loads appropriate for the
anticipated life of each of the lead plants. The NRC acceptance
criteria for the lead plant LOCA and SRV load definitions are
described in NUREG 0487 (Reference 1.3-2) and NUREG 0487

Supplements 1 and 2 (References 1.3-3 and i.3-4, respectively).

The remainder of the Mark Il Owners Group Program concentrated on
the tasks required to license the long-term plants, which include
LGS. The NRC acceptance criteria for the long-term plant LOCA
and SRV load definitions are described in NUREG 0808 (Reference
1.3-5) and NUREG 0802 (Reference 1.3-6), respectively. The
objectives of the Long-Term Program were (a) to provide
justification, by tests and analyses, for refinement of selected
lead-plant bounding loads, and (b) to provide additional
confirmation of certain loads used in the Lead-Plant Program.

As a task separate from the Mark Il Owners Group Program, a

Mark 11 SRV discharge line T-quencher device and load
specification was developed in 1978 by Kraftwerk Union (KWU) for
Pennsylvania Power and Light (PP&L) for use in the Susquehanna
Steam Electric Station (SSES). The T-quencher provides a
reduction in the containment wall loads as compared to the loads
generated by the original Ramshead quencher design. The
T-quencher also promotes effective heat transfer and condensation
of discharge steam in the suppression pool. Philadelphia
Electric Company decided to use the same T-quencher design for
LGS. Following this decision, KWU compared the LGS and SSES
SRV-related parameters and conclude. that the same T-quencher
load specification could be used by Philadelphia Electric for the
LGS containment analysis. The LGS and SSES SRV-related
parameters are compared in Table 4.1-1,

1.3=1
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The quencher load specification was submitted to the NRC by PP&L
in April 1978. In addition, a full-scale SSES-unique unit cell
test (Chapter 8) was performed by KWU in 1979. This test
verifies KWU's design approach for the quencher load
specification used for LGS.

Table 1.3-1 provides a summary of the LGS licensing basis as a
result of the Mark II Containment Program.

Table 1.3-2 presents a summarizing review of the LGS suppression
pool dynamic loadings. This is achieved by comparing the NRC
Acceptance Criteria with the LGS plant-unique position.

1:3.1 REFERENCES

1.3-1 "Mark II Containment Dynamic Forcing Function
Information Report", NEDO-21061, Revision 4, General
Electric Co., November 1981.

1.3-2 "Mark II1 Containment Lead Plant Program Load Evaluation
and Acceptance Criteria”, NUREG-0487, NRC, October 1978.

1.3-3 "Mark Il Containment Lead Plant Program Load Evaluation

and Acceptance Criteria”, NUREG-04£7, Supplement 1, NRC,
September 1980.

1.3-4 "Mark II Containment Lead Plant Program Load Evaluation

and Acceptance Criteria", NUREG-0487, Supplement 2, NRC,
February 1981,

1.3-5 "Mark II Containment Program Load Evaluation and
Acceptance Criteria", NUREG-0808, NRC, August 1981.

1.3-6 "Safety/Relief Valve Quencher Loads: Evaluation for BWR

Mark II and III Containments"”, NUREG-0802, NRC, October
1982.

Rev. 2, 03/83 1.3~2
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TABLE 1.3-1 (CONT'D)

gIVITY TYPE

firm/RPevise Source
Based on 4TCO Data

C Chugging Data - 3ix
ey runs

hodology Report

d evaluation
frequency

R Model

pporting Data

R MODEL
pporting Data

lysis

liminary Test Reportc
rodynamic Report

t Plant

t Plan Addendum 1

t Plan Rddendum 2

t Summary
t Peport

Report
* Report

F Report

DOCUMENTATION

NEDE-24302~-P

NEDE~-24285-P
NEDO-242865

NEDE-22178-P
NEDO-22178

Letter Report

NEDE-21061-P
NEDO-21061
NEDE-21078-P
NEDO-21078

NEDE-21061-P
NEDO-21062
NEDE-21062-P
NEDO=-21062
NEDE-20942-P
NEDO=-20542

NEDC=-21465-P
NEDO-21465
NEDC-21581-P
NEDO-21581

NEDM-20988 Rev. 2
NEDM-20988 ERev.2, Add.1
NEDM-20988 Rev.2, Add.2
letter Feport
NEDE-25100-P
NEDE-25100-P Errata
NEDO=-25100

NEDO-25100 Errata
NEDE=-24757-P

NEDO~-24757
NEDE-24835-P

NEDE-24798-P
NEDO-24798

DOC
DATE

==

4781

1781

8782
9782

4782

9776
9776
5775
10775

9776
9776
7/75
1775
5/75
5775

12776
12776
8777
8777

12776
10/77
4s78
3779
5779
2/81
8779
2/ 81
5780
71/80
2781

7/80
8780

{Page 3 of 7)

USED FOK

LGS _LICENSING

Yes

Yes
Yes

Yes
Yes

Yes

No
NoO
No
No

No
No
No
No
Nc
No
No
No
No
No

Nc
No
No
No
No
No
No
No
No
No

No
No
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NUMEER ACIIVITY BC

B.6 THERMAL MIXING MODEL An

B.10 MCNTICELLO FSI A

B. 1 OFFR RAMSHEAD MODEL Da
TC MONTICELLC DATR

B. 12 RAMSHEAD SRV METHODOLOCGY An
SUMMARY

C. MISCELLANEQOUS TASKS

c.0 SUPPORTING PROGRAM Su
Su

Cal DFFR REVISIONS Re

(TASK C.18)

Re
re

Ced NRC ROUND 1 QUESTIONS

CsD SRSS JUSTIFICATION

Ce9: Y SRSS PROCGRAM SUMMARY

CsSal SRSS APPLICATION CRITERIA

Ce5e 3 SRES JUSTIFICATION CRITERIA

Caduall BROOKHAVEN REPORT CRITIQUE

o/ NRC ROUND 2 QUESTIONS




hlytical Model NEDC=-23689-P 3/78
NEDO=<43689Y /78

hlysis of FSI IEDO=-23834 6778

a/Model Comparison NSC-GEN 0394 9/77

hlytical Methods NEDO=-24070 10777

bp Prog Report NEDO=-21297
bp Prog Report NEDO=-21297 Rev. 1

ision 1 NEDE-21061-P Rev. 1
NEDC=21061 Rev,. 1

ision = NEDE=21061-P Rev. 2
NEDO=-21061 Rev. 2

ision 3 NEDE-21061-P Rev. 3
NEDO-21061 Rev. 3

Rev. 2 NEDO-21061 Rev. 2

Rev. 2, Amendment 1 NEDO-21061 Rev. 2
Amendament 1

Round 1 Questicns Letter Report

erim Report (NEDE-24010)
S Report NEDE-24010-P
NEDO=-24010

Executive Summary Summary Report

Criteria Application NEDO-24010, Supp. 1
Criteria Basis NEDO-24010-P, Supp. <

Justification Supp. NEDO=-24010, Supp. 3
BS Criteria Evaluation Letter Report

Critigue EDAC 134-242-03

Amend. 2 NEDE-21061-P Rev. 2
Amend. 2
NEDO=-21061 Rev. Z
Amend. 2
Amend. 2, Suppo 1 NEDO-21061 Rev. <
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C.14

C.15

ACTIVITY

JUSTIFICATION OF "4Tw™
BOUNDING LOADS

SRV AND CHUGGING
FSI
MONITOR WCRLD TESTS

MASS ENERGY RELEASE

LOAD COMBINATIONS AND
FUNCTIONAL CAPABILITY
CRITERIA

NR. RCUND 3 QUESTIONS
SUBMERGED STRUCTURE
CRITERIA

QUENCHER MASS ENEFGY
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TABLE 1.3-1 (CONT'D)

pCTIVITY TYPE

DFFR Amend. 2, Supp 2

DFFR Rev. 3, Apvendix A-2

hugging Loads
ustification

restressed Concrete

einforced Concrete
Steel

onitor Tests

RV Pool Temperature
alvsis Assumptions

nd Justification

ethods for calculating
8s and enerqgy release

or SRV discharges

riteria Justification

2tter Report
FFR Round 3 Questions

KC Question Responses

encher Temperature

ROCUMENIATION

Anend. 2 Supp. 1
NEDO=-210€1-P Rev. 2
Amend. 2 Supp. 2
NEDE-21061-P Rev. 3
Appendix A-2
NEDO-21061 FKev. 3
Appendix A-2

NEDE 23617-P
NEDO 23617
NEDE 24013-P
NEDC 24013
NEDE 24014-P
NEDO 24014
NEDE 24015-P
NEDO 24015
NEDE 24016-P
NEDO 24016
NEDE 24017-P
NEDC 24017
NEDE 23627-P
NEDC 23627

NEDE 21936-P
NEDO 21936

None

Letter Report-Revision 0
Letter Report-Pevision 1

letter Report

NEDO 21985

Letter Report
Letter EFeport

Letter Report

letter Report

poc
DAZE

97717

1771
1717
6777
1777
6777
17717
6777
17117
6777
1777
67177
1777
6777
17717

1778
87178

4780
1781

5781

9778

6778
6/78

4780

1781

USED FOR
LGS LICENSING

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
No

Yes

Yes

Yes

Yes

Yes
Yes
Yes

Yes

Rev. 2,
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TASK
NUMEER

C.18
1.

2.

3.

6.

7.

9.

10.

- e

ACTIVITY
CUTOFF

DFFR REVISION
Formation and oscillation
¢f a spherical gas bubble

Analvtical mcdel for
clarification of pressure
pulsaticon in the wetwell
after vent clearing

Tests on mixed condensation
with model quenchers

Condensation and vent
clearing tests at GEM
with quenchers

Concept and design of the
pressure relief system
with quenchers

KKE vent clearing with
quencher

Experimental approach to
vent clearing in a
model tank

Anticipated data for
blowdcown tests with
pressure relief system
during the non-nuclear
hot functional test at
nuclear pcocwer station
Brunsbuttel (KKB)

Results of the non-nuclear
hot functional tests with
the pressure relief system
in the nuclear power
station Brunsbuttel

Analysis of the loads
measured on the pressure
relief system during
the non-nuclear hot
functional test at KKB

>
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TABLE 1.3-1 (CONT'D) (Page 6 of 7)
DOC USED FOR
IVITY TYPE QOCUMENTATICN DATE LGS_LICEN3INS
mit
vision 4 NEDO=-21061-4 12781 Yes |
- Report 2241 12772 Yes
- Report 2208 3772 Yes
- Report 2593 5/73 Yes
U - Report 2594 5773 Yes
- Report 2703 7773 Yes
‘U - Report 2796 10773 Yes
- Report 3129 7775 Yes
U - Paport 3141 Yes

w

o267 12/74 Yes

% - Report
- Report 3346 4s75 Yes D
Rev. 2, 03/83




Document
Number _ Title

: b KKB - Listing of test
parameters and important
test data of the non-
nuclear hot functicnal
tests with the pressure K
relief system

12+ KKB - Results from nuclear
startup testing of K
pressure relief system

13. Results of the non-nuclear
hot functional tests with
the pressure relief system
in the nuclear power K
station Phillipsburg

14. KKPI - Listing of test
parameters and important
test data of the non-
nuclear hot functional
tests with the pressure K
relief system

15. KKB hot test results,
loads on internals in
pool of the suppression
chamber during vpressure K

relief processes
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TABLE 1.3-1 (CONT'D)

Document
_.Date__

U - Working Report
R 521/40/77

JjU-Working Report
R 142-136/7F

U - Working Report
R 142-38/77

U - Working Report
R 521741/77

U - Working
R 1137203

Used for
LGE_Licensing

(Page

7 of 7)
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LCCA Related Hydrodvyn
Loads

A. Submerged Boundary
During Vent Clearin

B. Poolswell Loads

1. Poolswell Anal
cal Model

a. Air-Bubble
Pressure

b. Poolswell
Elevation

c. Poolswell
Velocity
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TABLE 1.3-2

{Page 1 of 10)

COMPARISON OF 1GS LICENSING BASIS WITH NRC

nic

Loads

ACCEPTANCE CRITERIA

NRC Acceptance Criteria

24 psi overpressure added
to local hydrostatic
pressure below vent exit
(walls and basemat) -
linear attenuation to
pool surface.

Calculated by the pool-
swell analvtical model
{PSAM) used in calcula-
tion of submerged boun-
dary loads.

Use PSAM with polytropic
exponent of 1.2 to a max-
imum swell height which
is the qreater of 1.5 x
vent submerqgence or the
elevation corresponding
to the drywell floor
uplift AP=2.5 psid.

Velocity history vs.
pool elevation predic-
ted by the PSAM used to
compute impact loading
on small structures and
drag on qratings between
initial pool surface and
maximum pool elevation
and steady-state drag
between vent exit and
maximum pool elevation.
Analytical velocity
variation is used up

to maximum velocitvy.

Criteria LGS
Source Position
NUREG-0487 Acceptable

Supplement 1

NUREG-0487 Acceptable
NUREG-0487 Acceptable
Supplement 1

NUREG-0487 Acceptakble

Rev. 2,

03783
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3.

d. Poolswell
Acceleration

e. Wetwell Air
Compression

f. Drywell
Pressure

Loads on Submerg
Boundaries

Impact Loads

a. Small
Structures
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TABLE 1.3-2 (Continued) (Page 2 of 10)
Criteria LGS
NRC Acceptance Criteria Source Position

Maximum velocity applies

thereafter up to maximum

poolswell. PSAM predic-

ted velocities multiplied
ty a factor of 1.1.

Acceleration predicted NUREG-0487 Acceptable
by the PSAM. Pool

acceleration is used in

the calculation of

acceleration loads on

submerged components

during poolswell.

Wwetwell air compression NUREG-0487 Acceptable
1s calculated by PSAM Supplement 1

consistent with max-

imum poolswell eleva-

tion in B.1.b.

Methods of NEDM-10320 WIREG-0487 Acceptable
and NEDO-20533 Appendix

B. Used in PSAM to cal-

culate poolswell loads.

Maximum bubble pressure NUREG-0487 Acceptable
predicted by the PSAM

added uniformly to local

hydrostatic pressure

below vent exit (walls

and basemat) - linear

attenuation to pool surface.

Applied to walls up to max-

imam poolswell elevation.

1.35 x Pressure-Velocity NUREG-0487 Acceptable
correlation for pipes

and I beams based on

PSTF impulse data and

flat pool assumption.

vVariable pulse duration.

Rev. 2, 03/83
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Load or Phencmenon

5.

b. Large
Structures

c. Grating

Wetwell Air
Compression

a. Wall Loads

b. Diaphragm
Upward Loads

Asymmetric LOCA
Pool

C. Steam Condensation
Chugging Loads

1.

Downcomer Latera
Loads

a. Single-Vent
Loads (24 in.

bE. Multiple-Vent
Loads (24 in.
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TABLE 1.3-2 (Continued)

NRC Acceptance Criteria

None - Plant unigque load
where applicable.

P draq vs. grating area
correlation and pool
velocity vs. elevation.
Pool velocity from the
PSAM. P drag multi-
plied by dynamic load
factor.

Direct application of
the PSAH4 calculated
pressure due to wetwell
compression.

5.5 psid for diaphragm
loadings only.

Use 20 percent of max-
imum bubble pressure
statically applied to
172 of the submerged
boundary.

Dynamic load to end of
vent. Half sine wave
with a duration of 3 to
6 ms and corresponding
maximum amplitudes of
65 to 10 Klbf.

Prescribed variation of
load per vent vs. number
of vents. Determined
from single vent dyna-
mic load specification

(Page 3 of 10)

Criteria
Source _

NUREG-0487

NUREG-0487

NUREG-0487

NUREG-0808

NUREG-0487
Supplement 1

NUREG-0808

NUREG-0808

LGS
Position

Not Applicable
No large
structures

Acceptable

Acceptakle

Acceptable

Acceptable

Acceptable

Acceptakle

Rev. 2, 03/83
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Cs Sinqle/Multiq
vent loads
(28 in.)

2. Submerged Bound#
Loads
\
a. High/Medium
Steam Flux C
densation
Oscillation
Load |

Cc. Low Steam F1l
Chugqging Load

|
- Symmetric ‘

Load

- Asymmetric
Load _ase
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TABLE 1.3-2 (Continued)

Criteria
NRC Acceptance Criteria _Source _
and multivent reduc-
tion factor.
Multiply kasic vent NUREG-0808
loads by factor f=1.34
Bounding CO pressure NUREG-0808
histories observed in
4TC0 tests. Inphase
application.
Conservative set of NUREG-0808

10 sources derived
from 4TCO tests.
Applied to plants
using the IWEGS/MARS
acoustic model.
Source desynchroniza-
tion of 50 ms or alter-
nate load using 7
sources derived from
the 4TC0 key chugs
without averaginge.

All vents use source
of equal strength for
each of the sources.

Source strenqgths St =

S (1ta) applied to all
vents on ¢ and - side of
containment. Sources
based on the symmetric
sources. Asymmetric
parameter a based on
rms moment method of
interpreting experi-
mental 4T7TC0 single-vent
and JAEPI multivent
data.

(Page 4 of 10)

LGS
Position

Not Applicable

Acceptable

Acceptable

Rev. 2, 03/83



Load or Phenomenon

II. SPV Related Hydrodyna
Loads

A. Pool Temperatures
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TABLE 1.3-2 (Continued)

NRC Acceptance Criteria

For plants using a dis-
charge device with the
exact hole pattern as
described in the SSES
DAR Section 4.1, the
following limits shall
apply:

1.

For all plant tran-
sients involving
SRV operations dur-
ing whichk steam
flux exceeds 94
1b /7ft2-sec, the

m
local pool tem-
perature shall not
exceed 200°F.

For all plant tran-
sients involving SRV
operations during
which steam flux is
less than 42 1t /ft2-
m
sec, the local pool
temperature shall be
at least 20°F sub-
cooled. This is
equivalent to a temp-
erature of 210°F with
quencher submergenrce
of 14 feet.

For all plant tran-
sients involving SRV
operations during
which steam flux is
between 42 and 94
lb /ft2-gec, the

m
local pool tempera-
ture can be deter-
mined by linear

Criteria
Source

NUREG-0783

NUREG-0783

NUREG-0783

NUREG-0783

(Page 5 of 10) I

LGS
Position

Acceptable

Acceptable

Acceptable

Rev. 2, 03783
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TABLE 1.3-2 (Continued)

NRC Acceptance Criteria
interpolation between
the temperatures
defined in items 1
and 2 above.

The T-quencher load
specification described
in Section 4.1 of the
SSES DAR may be aoplied
for evaluation of SRV
containment boundary
pressure loads with the
following restrictions:

1. All valves load case

The DLV and DLWL com-
binations must lie be-
low the limit line of
Fig. A1 aefined in the
criteria where:

a. DLV shall be equal
to the arithmetic
averaqge of all dis-
charge line
volumes (m3)

b. DLWL shall be
equal to the quen-
cher submergence
at high water
level (m)

2. ADS lLoad Case

The DLV and DLWL com-
binations must lie
below the limat line
of Fig. A2 defined
in the criteria
where:

a. JLV shall be egual
to the arithmetic
average of all ADS
discharge line

Criteria
Source

NUREG-0802

NUREG-0802

NUREG-0802

(Page 6 of 10) |

LGS
Position

Acceptable

Acceptable

Acceptable

Rev. 2, 03783
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TABLE 1.3-2 (Continued) (Page 7 of 10) |

Criteria LGS
NRC Acceptance Criteria Source Position

volumes (m3)

b. DLWL shall be
equal to the dif-
ferences between
the plant downcomer
exit elevation and
the gquercher center
line elevation (m)

3. Frequency Range NUREG-0802 Acceptable
(DAR Section 4.1.4.1)
For the single valve and
asymmetric load cases,
the timewise compression
of the design pressure
signatures shall be in-
creased to provide an
overall dominant fre-
quency range that ex-
tends up to 11 Hz.

4. Vertical Pressure NUREG~-0802 Acceptable
Distribution

The maximum pressure
amplitudes shall be
applied uniformly to
the containment and
pedestal walls up to
an elevation 2.5 feet
atove the quencher
centerline followed
by linear attenuation
to zero at pool
surface.

The T-quencher load speci- NUREG-0802 Acceptable |
fication described in SSES

DAR Section 4.1 may be ap-

plied for evaluation of

quencher and quencher sup-

port. |

Rev. 2, 03/83
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TABLE 1.3-2 (Continued)

NRC Acceptance Criteria

Alternate methodoloqy pre-

sented in Zimmer DAR may
be applied.

SRV T-quencher +jet loads
may be neglected beyond
a 5 £t cylindrical zone
of influerce. Cylinder
should be extended 10
hole diameters on the
arm with holes in the
end cape.

Calculate based on
methods described in

NEDE-21471 subiject to the

following constraints
and modifications:

1. To account for bubble
asymmetry, accelera-
tions and velocities
shall be increased
10%.

2. For standard draq
in accelerating flow
fields, use draft co-
efficients presented
in Zimmer FSAR attach-
ment 1.k with fol-
lowing modifications:

d. Use C = C -1 in
H m
the F formula
A

b. For moncylindricdl

structures, use lift

coefficient for
appropriate shape
or C =1.6

Criteria
_Source

NUREG-0487
Supplement

NUREG-0487

NUREG-0487

NUREG-0487

NUREG-0487

(Page 8 of 10)

LGS
Position

Acceptable

Acceptable

Applying
plant-unique
methodology
defined in
LGS DAR Sec-
tion 4.2.19.5

Acceptable

Acceptable

Supplement 1

Rev. 2, 03783
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TABLE 1.3-2 (Continued)

NRC Acceptance Criteria
L

c. The standard draq
coefficient for
poolswell and
SRV coscillating
bubbles should be
based on data for
structures with
sharp edges.

3. For equivalent uni-
form flow velocity
and acceleration
calculations,
structures are
segmented into small
sections such that
1.05L/D<1.5. The
loads are then
applied to the geo-
metric center of
each segment. This
approach, as presen-
ted in Zimmer FSAR
attacnment 1.k, may
be applied.

4. A detailed metho-
dology on the
approach for con-
sidering inter-
ference effects as
presented in Zimmer
FSAR Attachment 1.k
may be applied.

5. Formula 2-23 of NEDE-
21730 shall be modi-
fied by replacing
M by p V where
H FB A

V is obtained from
A

Tables 2-1 & 2-2.

(Page 9 of 10) |

Criteria LGS
Source Position
NUREG-0487 Acceptable

Supplement 1

NUREG-0487 Acceptable
Supplement 1
NUREG-0487 Acceptable

Rev. 2, 03/83
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Load or_Phenomenon

IV.

D.

E.

SRV Air Bubble
Draa Load

Steam Condensaticn
Draq Loads

Secondary Loads

1.
2.

3.

4.

S

8.

Sonic Wave Load

Compressive Wave
Load

Fallback Load on
Submerged Boundary

Thrust Loads

Friction Dragqg
Loads on Vents

Vent Clearing
Loads

Post Swell
Wave Load

Seismic Slosh Load
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TABLE 1.3-2 (Continued) (Page 10 of 10) |
Criteria LGS
NEC Acceptance Criteria Source Position
No criteria specified Applving
for T-quencher piant-unigue
methodology
defined in
LGS DAR
Section 4.1.4
No criteria specified Applying
plant-unique
methodoloqgy
defined in
LGS DAR
Section 4.2
Negligible Load NUREG-0487 Acceptable
Negqligible I.ocad NUREG-0487 Acceptable
Negligible Load NUREG-0487 Acceptable
Momentum balance NUREG-0487 Acceptable
Standard friction drag NUREG-0487 Accegtable
calculations
Negligible Load NUREG-0487 Acceptable
|
Methodology for estaklish- NUREG-0487 Load is neqligible |
ing loads resulting when compared to |
from post swell waves to design basis loads |
Le evaluated on & plant (Section 4.2.3.6) |
unique basis. |
Methodoloqy for establish- NUREG-0487 Load is neqligible |

ing loads resulting from when compared to |
seismic slosh to be design basis loads |
evaluated on a plant unigue (Section 4.2.3.7) |

basis. |

Rev. 2, 03783
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TABLE 1.4-1 (Cont'd) (Page 2 of 3)

Downcomer submergence, ft

Low water level 10"

Normal water level "'

High water level 12'-3"
Downcomer loss coefficient 2.18

SAFETY RELIEF VALVES

Number 14
Spring Set Pressures, Mass Fiow Rates:

Mass Flow (lbm/hr)
at 103% of Spring

Valve Set Pressure (psig) Set Pressure
A 1150 917,000
B 1150 917,000
C 1150 917,000
D 1140 909,000
E* 1140 909,000
r 1150 917,000
G 1150 917,000
H* 1130 901,500
J 1130 901,500
K* 1140 909,000
L 1130 901,500
M* 1140 909,000
N 1130 901,500
S* 1140 909,000

*ADS Valves

Rev. 2, 03/83
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2.2.5 BOP EQUIPMENT ASSESSMENT SUMMARY

Safety related BOP equipment in the containment, reactor
enclosure, and control structure are assessed by the methods
contained in Section 7.1.7. Loads are combined as shown in
Table 5.8-1.

2.2.6 ELECTRICAL RACEWAY SYSTEM ASSESSMENT SUMMARY

The electrical raceway system located in the containment, reactor
enclosure, and control structure is assessed for load
combinations in accordance with Table 5.9-1. The assessment
methodology and analysis results are presented in Chapter 7.

2.2.7 HVAC DUCT SYSTEM ASSESSMENT SUMMARY

enclosure, and control structure is assessed for load
combinations in accordance with Table 5.10-1. The assessment

The HVAC duct system located in the containment, reactor l
. methodology and analysis results are presented in Chapter 7.

2.2.8 SUPPRESSION POOL TEMPERATURE MONITORING SYSTEM (SPTMS)
ASSESSMENT SUMMARY

SPTMS adequacy assessment and suppression pool temperature
response to SRV discharge are presented in Appendix I. |

2.2-3 Rev. 2, 03/83
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The poolswell fallback analysis of piping that has interference
effects was performed by using the FORCE II computer code. The
results indicate that the interference effects increase the
vertical load component by a maximum of i16%, depending on the
elevation.

4.2.2 CONDENSATION OSCILLATIONS AND CHUGGING LOADS

Condensation oscillation and chugging loads follow the poolswell
loads ir time. There are basically three loads in this secondary
time period, i.e., from about 4 to 60 seconds after the break.
Condensation oscillation is broken down into two phenomena, a
mixed flow regime and a steam flow regime. The mixed flow regime
is a relatively high mass flux phenomenon that occurs during the
final period of air purging from the drywell to the wetwell when
the mixed flow through the downcomer vents contains some air as
well as steam. The steam flow portion of the condensation
oscillation phenomena occurs after all the air has been carried
over to the wetwell and a relatively high intermediate mass flux
of pure steam flow is establish=ad.

Chugging is a pulsating condensation phenomenon that can occur
either rollowing the intermediate mass flux phase of a LOCA or
during the class of smaller postulated pipe breaks that result in
steam flow through the vent system into the suppression pool. A
necessary condition for chugging to occur is that only pure steam
flows from the LOCA vents. Chugging imparts a loading condition
to the suppression pool boundary and all submerged structures.

4.2.2.1 Containment Boundary Loads Due to Condensation
Oscillations

The containment boundary loads due to condensation oscillation
are based on direct application of pressure measurements in the
drywell and the suppression pool from the full-scale 4TCO tests,
as described in Reference 1.3-1, section 4.3, and

Reference 4.2-7.

The basic condensation oscillation load is a bounding load for
any condensation oscillation condition expected during a
hypothetical LOCA in the LGS plant. All 28 of the 4TCO test runs
were analyzed to determine the bounding time periods. The
criterion for the selection of these time periods was to bound
the maximum power spectral density values observed at the bottom
center pressure throughout the condensation oscillation period in

4.2-9 Rev. 2, 03/83
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all runs -- in any 2.048-second block for all frequencies from 0
to 60 Hz -- in approximately 0.5 Hz increments. The selected
time periods were independently confirmed to be bounding by the
amplified-response-spectra analysis (Ref 4.2-7, Appendix A).

The pressure-response-spectrum envelope for the time pericds
selected is shown in Figure 4.2-8; the spatial pressure
distribution is shown in Figure 4 2-9. The drywell pressure
histories for the time periods defined in Reference 4.2-7 are
applied uniformly throughout the drywell.

4.2.2.2 Pool Boundary Loads Due to Chugging

The Mark 11 generic chugging load definition was developed by
applying the acoustic chugging methodology described in
Reference 4.2-8 to the chugging data base provided by the Mark II
4T Condensation Oscillation (4TCO) Test Program

(Reference 4.2-9). The definition of a chugging load starts with
the identification of steam-bubble collapse as the fundamental
excitation mechanism. The collapse produces acoustic responses
in the suppression pool and the vents. The combined excitation
of the suppression pool and vent response is characterized as a
-time-varying volumetric point source in the acoustic model.

Point sources for the 4TCO facility are inferred from 4TCO wall
pressures via the 4TCO acoustic model. These point sources can
be applied to an acoustic model of the Mark II suppression pool
because the bubble collapse and vent response in Mark II are
correctly simulated by the prototypical 4TCO geometry and
blowdown conditions. The multivent effects of variation in chug
strength and chug time among vents are incorporated in the

Mark 11 application (Reference 4.2-10).

Seven large (key) chugs from the 4TCO data base were used to
develop design sources to be applied to the acoustic model of the
Limerick containment. These design sources are to be applied
desynchronized, using the set of chug start times having the
smallest variance in one-thousand Monte Carlo trials drawn from a
uniform distribution of start times having a width of 500
milliseconds (ms). The chug start times are randomly assigned to
the vents in the Mark II containment.

The observation of vent desynchronization has been verified by
determining the time delay between individual bubble collapses in
the full-scale, 7-vent tests conducted by the Japan Atomic Energy
Research Institute (JAERI). Conservatism is ensured by applying
to the Mark II plant models a minimum estimate of the time window
within which the individual bubble collapses must occur.

4.2-10
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4.2.3.1 Downcomer Fr.ction Drag Loads

Friction drag loads are experienced internally by the downcomers
duriag vent clearing and subsequent air or steam flow. In
addition, the downcomers experience an external drag load during
pooswell. Using standard drag force calculation procedures,
these loads are determined to be 0.6 and 0.3 kips per downcomer,
respectively, and are not considered in the structural evaluation
of the containment.

4.2.3.2 Sonic Waves

Immediately following the postulated instantaneous rupture of a
large primary system pipe, a sonic wave front is created at the
break location and propagates through the drywell! to the vent
system. This load has been determined to be negligible and,
trerefore, none is specified.

4.2.3.3 Compres:sive Wave

The compression »>f the ~ir in the drywell and vent system causes
a compressive wave to be generated in the downcomer water legs.
This compressive wave propagates through the pool and causes a
differential pressure loading on the submerged structures and on
the wetwell wall. This load has been evaluated and is considered
negligible.

4.2.3.4 Fallback Loads on Submerged Boundaries

During fallback, waterhammer-type loads could exist if the water
slug remained intact during this phase. However, available test
data indicate that this does not occur, and the fallback process
consists of a relatively gracdual setting of the pool water to its
initial level as the air bubkle percolates upward. This is based
on visual observations during the EPRI tests (Ref 4.2-11) as well
as indirect evidence provided by an examination of pool bottom
pressure forces irom the 41, EPRI, foreign licensee, and Marviken
tests. Thus, these loads are small and will not be considered.

4.2.3.5 Vent Clearing Loads on the Downcomers

The expulsion of the water leg in the downcomers at vent clearing
creates a transient water jet in the suppression pool. This jet

4.2-13
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formatio™ may occur asymmetrically leading to lateral reaction
1sads ot tie dewncomer. However, this load is bounded by the
load speciiication during chugoing and will not be considered for
cont~inmeut annlysis.

4.2.3 6 Posi-Poolswell Waves

Followl iy the poolswell process, continued flow through the vent
system genherates random pc~l motion. The pool motion creates
waves rthat have potential loading impinaeent effects on the LGS
wetwell wall and intern~l comgOnents. In accordance with the
response to Question M02¢.8 documented in Appendix A of the DFFR,
Revision 3 ’‘June 1978), this l!macd is considered negligible when
compar«d to Lhe other design basis loads.

4.2.3.7 Seismic¢ _Slosi

7he cohputer C¢ude SOLA-3L was used to estimate the suppression
pool seismic slosh hydrodynamic loads. The results indicate that
ceigmic slosh loads in the LGS plant are much less than the LOCA
chugging loaés or the SRV air clearing bubble oscillation loads
(on the order of a few psi at a r=latively low frequency
depending on location and direction).

The maximum wave ‘sloshin:) height is 1.6 feet. The nodal force
close to the pool bottom oscillates betieen 112 to 88 kips
{including static load). Therefore, the oottom pressure rises to
about 1.2 psi above the static pressure due to sloshing. The
dominant frequency of the sloshing motion is 0.1 Hz, whereas the
dominant frequency of the seismic acceleration is about 2 Hz.

4.2.3.8 Thrust Loads

Thrust loads are associated with the rapid venting of air and/or
steam through the downcomers. To determine this load, a momentum
balance for a control volume consisting of the drywell, diaphragm
floor, and vents is taken. Results of the analysis indicate that
the load reduces the downward pressure differential on the
diaphragm.

4.2.4 LONG-TERM LOCA LOADS

The loss-of-coolant accident (LOCA) causes pressure and
temperature transients in the drywell and wetwell due to mass and
energy released from the line break. The drywell and wetwell
pressure and temperature time histories are required to establish

Rev. 2, 03/83 4.2-14
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TABLE 4.2-3

LGS PLANT UNIQUE POOLSWELL CODE INFUT DATA

Downcomer area (each)

Suppression pool free surface area
(outside pedestal)

Maximum downcomer submergence

Downcomer loss coefficient
(without exit loss)

Number of downcomers

Initial wetwell pressure

Wetwell free air volume

Vent clearing time

Pool velocity at vent clearing
Initial drywell temperature
Initial drywell relative humidity
Downcomer friction coefficient, f

Bubble initialization parameter (nominal)

2.95 ft2
4973.89 ft2

12.25 tt
1.18

87

15.45 psia
149,425 ft3
0.7107 sec
3.096 ft/sec
1359°F

0.20

0.0115 (nominal)
50

Rev. 2, 03/83
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TABLE 4.2-4
INPUT DATA FOR LGS LOCA TRANSIENTS

Drywell free air volume (including downcomers) 248,950 ft?

wetwell free air volume 149,425 ft?
Maximum downcomer submergence 12.25 ft
Downcomer flow area (total) 256.5 ft2
Downcomer loss coefficient 2.18 |
Initial drywell pressure 14.8 psia
Initial wetwell pressure 15.45 psia
Initial drywell humidity 100%
Initial pool temperature 90°F

. Estimated DBA break size 3.538 ftz2
Number of vents 87
Minimum suppression pool mass 5.83 x 10¢ 1b
Initial vessel pressure 1.055 psia
Vessel and internals mass 2,940,300 1b
Vessel and internals overall heat 484.9 Btu/sec °F
Vessel and internals spucific heat 0.123 Btu/lb

Rev. 2, 03/83
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TABLE 4.2-8
POOLSWELL WATER FRICTION DRAG LOADS

Friction drag loads on columns

Number of columns 12

Surface area per column 214.55 ft2
Friction force for 12 columns 5098 1bf

Shear stress 0.01375 1b /in.2

Friction drag load on downcomers

Number of downcomers 87
Surface area per downcomer 122.6 ft2
Frictional drag coefficient 0.00216
Friction force for 87 downcomers 2112.2 1b
Friction drag load on MSRV pipes 1806 1b
Air friction drag inside downcomers 303 1b

. Downcomer bracing fallback loads |

Vertical load (12 in. nominal diameter) 3720 lb /ft
Horizontal load (12 in. nominal

diameter) 2823 1b /ft
Vertical load (10 in. nominal

diameter) 2616 1b /ft |
Horizontal load (10 in. nominal

diameter) 2046 1b /It |

Rev. 2, 03/83
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TABLE 4.2-10
MAXIMUM LOAD ON SUBMERGED STRUCTURES

Submerged Max CO Load Max Chugging Load
Structure (1b/in.) (1b/in.)
MSRVDL 3.8 24.0
Downcomer 22.0 36.0

Bracer 0.8 25.2

Core spray discharge line 0.22 6.6

HPCI discharge line 22.0 22.0

RHR discharge line 2.2 16.0

Column 38.0 170.0
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CHAPTER 5

LOAD COMBINATIONS FOR STRUCTURES, PIPING, AND EQUIPMENT

TABLE OF CONTENTS

Section Title

$.1 INTRODUCTION

5.2 LOAD COMBINATIONS FOR CONCRETE DESIGN IN CONTAINMENT,
REACTOR ENCLOSURE, AND CONTROL STRUCTURE

5.3 STRUCTURAL STEEL AND ASME CLASS MC STEEL COMPONENTS LOAD
COMBINATIONS

5.4 LINER PLATE LOAD COMBINATIONS

5.5 DOWNCOMER LOAD COMBINATIONS

5.6 PIPING, QUENCHER, AND QUENCHER SUPPORT LOAD COMBINATIONS

5.6.1 Load Considerations for Piping Inside the Drywell o~

5.6.2 Load Considerations for Piping Inside the Wetwell

5.6.3 Quencher and Quencher Support Load Considerations

5.6.4 Load Considerations for Piping in the Reactor Enclosure

8.7 NSSS LOAD COMBINATIONS

5.8 BOP EQUIPMENT LOAD COMBINATIONS |

5.9 ELECTRICAL RACEWAY SYSTEM LOAD COMBINATIONS

5.10 HVAC DUCT SYSTEM LOAD COMBINATIONS
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CHAPTER 5

TABLES
Title

5.2~1

Load Combinations for Concrete Design in Containment,
Reactor Enclosure, and Control Structure (Considering
Hydrodynamic Loads)

Load Combinations and Allowable Stresses for Structural
Steel Components

Load Combinations and Allowable Stresses for ASME Class
MC Components

Load Combinations and Allowable Stresses for Downcomers
Load Combinations and Stress Limits for Piping Systems
Load Combinations and Damping Values for Safety-Related
BOP Equipment in the Primary Containment, Reactor
Enclosure, and Contrel Structure

Load Combinations and Allowable Stresses for Electrical
Raceway System

Load Combinations and Allowable Stresses for HVAC Duct
Systems
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5.8 BOP EQUIPMENT LOAD COMBINATIONS

Safety-related BOP equipment located within the primary
containment, reactor enclosure, and control structure are
assessed for the governing load combinations shown in
Table 5.8-1.

$.8-1 Rev. 2,

03/83
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TABLE 5.8-1

LOAD COMBINATIONS AND DAMPING VALUES FOR SAFETY-RELATED

BOP EQUIPMENT IN THE PRIMARY CONTAINMENT, REACTOR ENCLOSURE, AND

CONTROL STRUCTURE

Equation Condition

Load Combination

P00 ® [}

a. N+|[OBE2 + SRV2]1,/2
b.

N+OBE

N+[OBE2 + SRVZ + SBA2]1/2
. N+[OBE2 + SRVZ + IBAZ]1/2
. N+[SSE2 + SRVZ + IBA2]|1/2
. N+[SSEZ + DBAZ|1/2
. Envelope of a, b & ¢
. N+SSE

Envelope of 1a, 2 and 3d

Damp}ﬂ( 1)

2%
0.5%

2%

2%
2%
2%
2%
1%

2%

Normal loads (dead weight + operating temp + operating

Operating basis earthquake loads
Safe shutdown earthquake loads
Safety relief valve discharge loads
Small break accident loads
Intermediate break accident loads
Design basis accident loads

1 Upset
2 Emergency
3 Faulted
4 Worst
Notations:
N =
press., etc.)
OBE =
SSE =
SRV =
SBA =
IBA =
DBA =
(1)

Where justified, a higher damping value may be used.

Rev.

2,

03/83
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(Page 1 of 2)

LOAD COMBINATIONS AND ALLOWABLE STRESSES FOR HVAC DUCT SYSTEMS

Equaticn Condition
1 Normal
2 Normal
3 Abnormal
4 Normal/Severe
5 Normal/Severe
6 Normal
7 Ncrmal/Severe
8 Normal/Extreme
9 Normal/Extreme
10 Extreme/Abnormal
1" Extreme/Abnormal
12 Extreme/Abnormal
Equation Condition
1 Normal
Normal/Severe
3 Normal /Severe
4 Extreme/Abnormal

DUCTS

Load Combination

D+L+SRV
D+P +SRV

M
D+P
T
D+P +E
M
D+P +E+SRV
M
D+Po
D+Po+E

D+Po+E'
D+P +E'+SRV

M
D+P +P +E'+SRV+LOCA

O A
When protection against
tornado depressurization
is required:

D+P +W +SRV+LOCA
0O D

For ducts inside drywell
of containment, the fol-
lowing additional load
combination is also
applicable:

D+H +P +P +E'+SRV+LOCA
A O A

DUCT SUPPORTS

Load Combination

D+L+SRV
D+E

D+E+SRV
D+E'+SRV+LOCA

Rev.

Allowable
Stress

Fs
Fs

1.25F
s
1.25F (1)
<
1.25F
s
Fs
1.25F

S
2)

2)

2)

2) I

2)

Allowable
Stress

Fs
V. 2SP ¢3)

S
c2)

2)

2, 03/83
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CHAPTER 6
DES'GN CAPABILITY ASSESSMENT CRITERIA
TABLE OF CONTENTS

INTRODUCTION

CONTAINMENT, REACTOR ENCLOSURE, AND CONTROL STRUCTURE
CAPABILITY ASSESSMENT CRITERIA

Containment Structure Capability Assessment Criteria
Reactor Enclosure and Control Structure Capability
Assessment Criteria

STRUCTURAL STEEL AND ASME CLASS MC STEEL COMPONENTS
CAPABILITY ASSESSMENT CRITERIA

LINER PLATE CAPABILITY ASSESSMENT CRITERIA
References

DOWNCOMER CAPABILITY ASSESSMENT CRITERIA
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6.8 BOP EQUIPMENT CAPABILITY ASSESSMENT CRITERIA

All BOP equipment is required to withstand the dynamic loads

resulting from seismic and hydrodynamic loads (SRV, SBA, IBA, and

DBA) as follows:

a. OBE alone 1/2% damping
b. SSE alone 1% damping
c. Combination of seismic and 2% damping

hydrodynamic loads

Cases a and b are discussed in FSAR Section 3.7.3. Case c is
considered in accordance with the load combinations shown in
Table 5.8-1. The adequacy of the qualification is verified by
the following methods:

a. Analysis

b. Testing

- Combination of analysis and testing.

6.8.1 ANALYSIS

Safety-related equipment located in the primary containment,
reactor enclosure, and control structure are analyzed to satisfy
load combinations 1a, 1b, 2, 3d, and 3e of Table 5.8-1. The

maximum load effects result from simultaneous excitation in all

three principal directions for all combinations involving dynamic

loads as detailed in Section 7.1.7.4.1.3.

6.8.2 TESTING

When safety-related equipment is qualified by testing, the testL
response spectrum (TRS) is to envelope the required response
spectrum (RRS) for load combinations 1b, 3e, and 4 of

Table 5.8-1. The minimum test sequence is to perform five runs
for load combination 1b, followed by one run of load
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combination 3e. The input motion for load combination 3e is such
that the TRS generated for 2% damping envelopes the RRS for load
combination 4. Qualification is achieved if the equipment does
not fail or malfunction during the test. Operability is verified
before and after the test sequence. Active components required
to function during a dynamic event are also verified during the
test.

6.8.3 COMBINED ANALYSIS AND TEST

Some equipment is qualified by a combination of analysis and
testing procedures.

An analysis is conducted on the overall assembly to determine its
stress level and the transmissibility of motion from the base of
the equipment to the critical components. The critical
components are removed from the assembly and subjected to a
simulation of the environment on a test table.

Testing methods are used to aid the formulation of the
mathematical model for any piece of equipment. Mode shapes and
frequencies are determined experimentally and incorporated into a
mathematical model of the equipment. The model and subsequent
analysis will meet the requirements of Section 7.1.7.4.1.
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Bechtel in-house computer program MSPEC was used to compute the
acceleration response spectrum obtained from DISQGE. The program
also performs plotting and broadening of the spectrum.

A computer program ENVELOP was developed to envelope response
spectra obtained from MSPEC.

Computer program SCALE was developed to scan the maximum absolute
stresses generated by ANSYS (stress pass option). An explanation
of SCALE is given in Section 7.1.1.1.1.6.2.

Verification of PREPRC1, PREPRC2, PREPR”?, DISQGE, ENVELOP, and
SCALE are available for review.

7.1.1.1.1,5 Load Application
7.1.1.1.1.5.1 SRV Discharge Loads

The SRV discharge load used in the analyses was taken from the
KWU load report (Ref. 4.1-2). The analyses were done for KWU SRV
pressure traces 35, 76, and 82. Axisymmetric and asymmetric
pressure distributions were considered. Chapter 4 contains a
detailed SRV load definition. The load definition takes into
account the variation in pressure amplitude and frequency in the
input forcing functions by applying a change of key frequencies
in the assumed range of 55 to 125 percent of original frequency
content (included are 55, 67, 87, 100, and 125 percent of the
original frequencies) and a pressure multiplier of 1.5 to each
input load trace. A total of 15 axisymmetric load traces and 15
asymmetric load *races were used in the analyses.

7.1.1.1.1.5.2 LOCA Related Loads

The main LOCA loads that significantly affect the dynamic
analysis are condensation oscillation (CO) and chugging loads.
Because CO and chugging are sequential nonsimultaneous events,
formulation of the LOCA load is conservatively accomplished by

enveloping the CO and chugging results obtained from dynamic
analyses.

The CO analysis was performed for two cases: the basic CC case
a..d the CO-ADS case. Both CO and CO-ADS load definitions are
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based on direct application of measured pressure data from the
4TCO facility, a BWR Mark II prototypical unit cell used to
produce expected bounding CO load data (Ref. 1.3-1). The CO load
case is related to the basic CO load that covers all LOCA
blowdown conditions resulting in CO, whereas the CO-ADS load case
is data associated with the combination of CO and ADS events.
Both events (CO and CO-ADS) produce wall pressure loading of
axisymmetric nature. The wetwell pressure load vector was
appropriately applied to the ANSYS model for a dynamic analysis.
Also considered ‘n the cnalysis is associated drywell pressure
load defined ir. Reference 1.3-1, based on a direct application of
the measured drywell acoustic pressure time histories. A total
of 17 time sejments of CO and two time segments of CO-ADS are
considered in the analysis.

The LGS Mark 11 chugging load pressure transients were calculated
by Bechtel proprietary computer code IWEGS/MARS-P using GE700
series CHUG source data supplied by General Electric Company
(Reference 1.3-1). The source data were based on measured data
from 4TCO test facility, a BWR Mark II prototypical unit cell
used to simulate the chugging loads during a postulated Mark T1I
LOCA. A total of 14 chugging time histories are considered in
the chugging analyses.

7.1.1.1.1.6 Analysis
7.1.1.1.1.6.1 Response Spectra Generation

Acceleration time histories, maximum structural displacements ~nd
accelerations, and broadened acceleration response spectra are
developed tor the analysis of piping, equipment, and NSS systems.
Gross acceleration time histories are generated at the interface
between pedestal and diaphragm slab, the stabilizer location at
the containment wall, the top of drywell at the refueling
bellows, and at the interface between wetwell wall and base slab.

The maximum containment response to SRV axisymmetric loads is
obtained by enveloping the acceleration response spectra of the
15 axisymmetric SRV cases. Likewise, the response spectra for
the 15 asymmetric SRV cases are enveloped.

The maximum containm:~ response to the condensation oscillation
loads is ‘otained by enveloping the acceleration response spectra
of the 17 CO segments. Likewise, the ~esponse spectra of the two
CO-ADS segments are enveloped.
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The maximum containment response to the chugging loads is
obtained by enveloping the acceleration response spectra of the
14 chugging cases.

Enveloped floor resnponse spectra of 8 damping values, between 0.5
and 20 percent of cr tical are generated. For clarity, these 8
enveloped floor spectra are grouped into two separate plot sets
of 4 dampings each. The low damping plot sets, furnished in
Appendix A, include ¢amping ratios of 0.5, 1, 2, and 5 percent of
critical. The high damping plot sets include damping ratios of
7, 10, 15, and 20 percent of critical. Floor response spectra of
high damping values (i.e., greater than 7 percent critical) are
generated for application to systems and components where larger
system or material damping values are justified.

Reference 7.1-11 provides an example of such an application. The
spectra are broadened by :15 percent to account for the
uncertainties in the structural modeling techniques and material
properties.

7.1.1.1.1.6.2 Stress Analysis

The ANSYS computer program (stress pass option) is used to
compute the force and moment resultants due to SRV and LOCA -
related loads. A postprocessor program called SCALE is used to
scan for the maximum absolute values of forces and moments in the
circumferential and meridional directions.

The forces and moments due to chugging and condensation
oscillation loads are considered for the load combinations
including the LOCA loads. The governing forces and moments from
the six different frequencies are used in the stress analysis.

"7.1.1.1.2 Seismic Loads

Seismic loads constitute a significant loading in the structural
assessment. The same seismic loads as those used in the initial
builaing design are used. In that design, a dynamic analysis was
made using discrete mathematical idealization of the entire
structure using lumped masses. The resylting axial forces,
moments, #nd shear forces at various levels due to the operating
basis ear*hquake and the safe shutdown earthquake are used (FSAR
Section 3.7). The effects of the seismic overtu.. .\ng moment and
vertical accelerations are converted into forces at the elements.

7.1.1.1.3 Static and Thermal Loads
The loads under consideration .ce the static loads (dead load and

accident pressure) and temperature loads (operating and accident
temperature) which are all axisymmetrical.
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a. To analyze the above static loads, an in-house computer
program, FINEL (FSAR Section 3.8.7), is used. Moments,
axial forces, and shear forces are computed by FINEL in
an uncracked axisymmetric finite element containment
model .

b. The operating and accident temperature gradients are
computed using ME 620 (FSAR Section 3.8.7) computer
program (Bechtel program).

c. The results from a, b, and the hydrodynamic/seismic
analysis are combined and applied to a containment
element. The element contains data relative to rebar
location, direction, and quantity and concrete
properties. Within that wall element, force equilibrium
and strain compatibility between the rebar and concrete
is established by allowing the concrete to crack in
tension. In this way, the stresses in the rzsbar and
concrete are determined. The program used for this
analysis is called CECAP (FSAR Section 3.8.7).

7.1.1.1.4 Lou.d Combinations

All load combinations from equations 1 through 7a as presented in
Table 5.2-1 have been analyzed.

The reversible nature of the structural responses due to the pool
dynamic loads and seismic loads is taken into account by
considering the peak positive and negative magnitudes of the
response forces and maximizing the total positive and negative
forces and moments governing the design.

Seismic and pool dynamic load effects (SRV and LOCA) are combined
by conservatively summing the peak responses of each load by the
absolute sum (ABS) method. Even though the sguare root sum of
squares (SRSS) method is more appropriate because the peak
effects of all loads may not occur simultaneously

(Reference 7.1-4), the conservative ABS method is used in the
design assessment of the containment and internal concrete
-structures to expedite licensing.

7.1.1.1.5 Design Assessment

Material stresses at the critical sections in the primary
containment and internal concrete structure are analyzed using
the CECAP computer program. Critical secticns for bending
moment, axial force and shear in three directions are located
throughout the containment structure. Liner plate is not
considered as a structural element. The CECAP program considers
concrete cracking in the analysis of reinforced concrete
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7.1.2.1.2.4 Static Load

Static loads, including dead load and thermal load, were
considered in the column analysis.

7.1.2.1.2.5 Load Combinations

The load combinations and allowable stresses are in accordance
with Section 5.3. The peak dynamic responses due to the seismic
and pool dynamic load effects are combined by the SRSS method.
The resulting combined dynamic loads are combined with the static
loads by the absolute sum technique.

7.1.2.1.2.6 Design Assessment

The combined stresses due to axial force and bending moment were
calculated and compared with allowable stresses.

7.1.2.2 Downcomer Bracing

The following covers the methodology used in the assessment of
the bracing system at EL. 203' - 5" in the primary containment
suppression pool.

7.1.2.2.1 Bracing System Description

The downcomer bracing system is designed as a two-dimensional
truss system to provide horizontal support for 87 downcomers, 14
MSRV discharge lines, and other miscellaneous piping in the
suppression pool. The bracing system is supported vertically by
the 87 downcomers and at 12 anchor points around the RPV pedestal
wall. The bracing system is made of stainless steel members
connected to carbon steel collars at the downcomers and
embeddment plates at the pedestal wall by high-strength stainless
steel bolts. The bracing members consist of 10-inch and 12-inch
diameter schedule 160 pipe sections, and 3-1/4 inch end
connection plates. The bracing system is designed in accordance
with Reference 7.1-10.

The bracing system layout and typical connection details are
shown in Figures 7.1-9 and 7.1-10. The mathematical model used
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in the bracing system is presented in Figure D.2-10 of
Appendix D.

7.1.2.2.2 Loads

The bracing system is assessed for all plant operation induced
loads described below. The basis for all hydrodynamic loads
considered in the analysis is presented in Chapter 4.

7.1.2.2.2.1 SRV Discharge Loads

Discharge through the SRV discharge pipe creates horizontal as
well as vertical loading on the bracing system due to unbalan.ec
pressures. The horizontal (latecal) load is considered as acting
on the downcomers and the SRV discharge pipes. The vertical load
is considered acting on the bracing members alone. These loads
are applied to the bracing system by considering them as
equivalent static loads using a dynamic magnification factor
which is obtained from the dynamic analysis of the downcomer, as
described in Section 7.1.4.

The SRV discharge also induces hydrodynamic forces in the
containment structure. Inertial forces of the bracing system,
due to the response of the containment structure, are considered
using hydrodynamic reponse spectra of the containment structure
shown in Appendix A.

The lateral loads and the containment structure response form the
complete SRV discharge load set on the bracing system.

7.1.2.2.2.2 LOCA Rvlated Loads

Loss-of -coolant accidents are characterized by several phenomena
that result with non-concurrent loadinys on the bracing system as
described in Section 4.2. These hydrodynamic loads duce
accelerations of the containment structure, which irn .urn induce
additional loads on the bracing system. These loads are obtained
from the hydrodynamic acceleration response spectra shown in
Appendix A.

In addition, the LOCA event induces lateral forces on the
submerged portion and tip of downcomers. The loads include drag
loads, pressure loads, and chugging tip load. The hydrodynamic
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analysis of a single downcomer for the lateral loads is presented
in Section 7.i.4. The resulting reaction forces at the bracing
support are applied as equivalent static load in accordance with
secticn 3.1 of Reference 7.1-6.

7.1.2.2.2.3 Seismic Lcads

The forces due to the seismic accelerations of the downcomers,
the SRV lines, and the bracing members are obtained by analysis
of these structures using the response spectra developed for OBE
and SSE as described in FSAR Section 3.7.2.

7.1.2.2.2.4 Static Loads

The dead load of the bracing members is considered with allowance
for buoyancy.

7.1.2.2.2.5 Thermal Load

@ The operating and accident temperature considered is 90 =nd
210°9F, respectively. The reference temperature of the system is
assumed to be 60°F.

7.1.2.2.2.6 Load Combinations

The load combinations and allowable stresses are described in
Table 5.3-1. Although the loads on the bracing system under
consideration act in random horizontal directions, each
individual load is applied on the system in the worst possible
direction to find the maximum resultant forces.

7.1.2.2.3 Design Assessment

The two-dimensional truss model of the bracing system is analyzed
for the static, thermal, and equivalent static hydrodynamic loads
using the computer program STRUDL. The ASME truss model is
analyzed for the containment structure inertia response due to
seismic and hydrodynamic evente usinc the computer program ANSYS.
The bracing member forces calculated above for the various
loading conditions are combined by the SRSS method and assessed
‘ in accordance with the loading combinations and stress allowables
specified in Table 5.3-1.
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7.1.2 3 ASME Class MC Steel Components

The assessment methodology used for hydrodynamic loads on MC
components will be provided later.

7.%1.3 LINER PLATE ASSESSMENT METHODOLOGY

FSAR Section 3.8.1.1.2 provides a description of the containment
liner plate and its anchorage system.

The analysis ard design of the liner plate anchorages for
nonhydrodynamic loads is in accordance with Referencc 7.1-7.

In the assessment o' the concrete-backed liner plate and
anchorages for hydrodynamic pressure lcads, the controlling load
on the liner plate and anchorage system is that due to the net
negative pressure load if preseont. The net negative pressure
load is determined from the dyramic negative pressure due to SRV
actuation and/or LOCA chugging minus the static positive pressure
due to the wetwell hydrostatic pressure and/or LOCA wetwell
pressure. Figures 7.1-12 through 7 1-13 describe the loads on
the suppression chamber liner plate for the normal and abnormal
load conditions.

For the normal condition, the hyérostatic pressure on the base
mat liner is 10.4 psi (positive), and the maximum negative
pressure due to the actuation of all SRYs is 7.8 psi (negative).
The distribution of these pressures on the suppression chamber
wa'l is shown in Figure 7.1-i2. The maximum net pressure is
2.6 psi (positive).

For the abnormal condition, the combined pressure distribution
due to hy i.ostatic, LOCA wetwell pressure, SRV, and chugging
loads is shown in Figure 7.1-13. The total positive pressure on
the basemat linear is 35.4 psi which consists of 10.4 psi
(positive) from hydrostatic pressure plus 25.0 (positive) from a
small or intermediate rreak LOCA. The total cyclic pressure on
the basemat liner is 17.6 psi (negative) due to the axisymmetric
chugging and SRV loads. Although the maximum negative pressures
due to SRV actuation and chugging are combined for conservatism,
it is recognized that the probability of these two phenomena
producing peak negative prcssures at the same time is very low.

The assessment of the linear plate is contained in Section
7:.2.%.5.
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.4 DOWNCOMER ASSESSMENT METHODOLOGY

7.1.4.1 Structural Model

There are 87, 24-inch OD, steel pipe downcomers running
vertically down from the diaphragm slab. The downcomers are
embedded in the diaphragm slab and extend downward to

El. 193'=11", which is approximately 12 feet below high water
level, as shown in Figure 1.4-2. All downcomers are supported
laterally at El 203'-5" by the downcomer bracing system. Any
vertical loads are transmitted by the bracing system to the
downcomers and therefore to the diaphragm slab.

The structural model considers the downcomer as a vertical pipe
fixed at the underside of the diaphragm slab with a spring in the
horizontal direction at bracing level. This model is shown in
Figure 7.1-16. The inertial effect of the water in the submerged
po.tion of the downcomer (12 feet) was approximated by the
addition of a equivalent mass of water lumped at the appropriate
nodal points. The model is evaluated for three spring values for
a representative support stiffness provided by the bracing system
to the downcomers. The bracing spring is set to 50 k/in,

350 k/in, and 15000 k/in to represent the tangential mode, the
radial mode, and rigid response of the bracing system.

7.1.4.2 Loads

The downcomer is subjected to static and dynamic loads due to
normal, upset, emergency, and faulted conditions. Loading cases
and combinations are described in Table 5.5-1. The basis for all

hydrodynamic loads considered in the anulysis is presented in
Chapter 4.

7.1.4.3 Analysis

Downcomers are analyzed for the specified loading conditions
using the Bechtel computer program BSAP. The downcomers are
analyzed for both the hydrodynamic loads acting directly on the
submerged portions and the inertial forces due to containment
responses to the hydrodynamic and seismic loads.

The hydrodynamic load analyses, due to SRV discharge and LOCA
related loads acting on the submerged portion of the downcomers,
are performed using the mode-superposition time history
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technique. The seismic and hydrodynamic load analyses, due to
containment responr 's, are performed using the response-spectrum
analysis procedure. Damping values used are equal to 2 percent
of critical Tor OBE and SRV loads, and 7 percent of critical for
SSE and LOCA loads.

7.1.4.4 Design Assessment

The resultant stresses in the downcomers due to the load
combinations described in Table 5.5-1 are compared with the

allowable stresses in accordance with the criteria given in
Reference 6.4-2.

7.1.4.5 Fatigue Evaluation Of Downcomers In Wetwell Air Space

A fatigue analysis of the downcomers was conducted in accordance
with ASME Section III, Division 1 (1979 Summer Addendum),
subsection NB-3650. Only that portion of the downcomer in the
air space of the suppression chamber need be evaluated for
fatigue. Figures D.2-8 and D.2-9 of Appendix D show the number
of cycles considered and the load histogram, respectively.

7.1.5 PIPING AND SRV SYSTEMS ASSESSMENT METHODOLOGY

The piping and SRV systems will be analyzed for the load
combinations described in Table 5.6-1 using Bechtel computer
program ME101. This program is described in FSAR Section 3.9.
Static and dynamic analysis of the piping and SRV systems are
performed as described in the paragraphs below.

Static analysis techniques are used to determine the stresses due
to steady state loads and/or dynamic loads having equivalent
static loads.

Response spectra at the piping anchors are obtained from the

dynamic anali'sis of the containment subjected to LOCA and SRV
loading. Piping systems are then analyzed for these response
spectra following the method described in Reference 7.1-8.

Time history dynamic analysis of the SRV discharge piping
subjected to fluid transient forces in the pipe due to relief
valve opening is performed using Bechtel computer code ME101.
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7.1.5.1 Fatigue Evaluation of MSRV Discharge Lines in Wetwell
Air Volume

In an effort to evaluate the steam bypass potential arising from
a failure of the MSRV discharge line in the wetwell air space, a
complete fatigue analysis has been performed. Specifically,
structural analyses of the MSRV discharge lines from the
diaphragm slab penetration to the quencher was performed.
Fatigue evaluations of flued head penetration, elbows, tees,
taper transitions, and anchors were done. This analysis
considered the cyclic loading acting on the MSRV discharge lines
and is in accoraance with the applicable portions of ASME Code.
This evaluation is considered supplemental and does not displace
the original design basis for these lines as set forth in the
appropriate FSAR/DAR sections.

7.1.5.1.1 Loads and Load Combinations Used for Assessment

The MSRV discharge lines are subject to numerous dynamic and
hydrodynamic loads from normal, upset, and LOCA-related plant
operating conditions. For purposes of fatigue evaluation, the
following loads are included: (1) significant thermal and
pressure transients, (2) cyclic loads due to hydrodynamic effects
including MSRV actuations, CO and chugging, and (3) seismic
effects. The determination of load combinations as well as
number and duration of each event is obtained from the applicable
sections of the DFFR (Reference 1.3-1) and FSAR.

7.1.5.1.2 Acceptance Criteria

The design rules, as set forth in ASME Section 111,
subsection NB, were used for the fatigue assessment.

7.1.5.1.3 Methods of Analysis

The MSRV di<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>