Anfyf

DOCKET #

0590.
15000388

REGULAT(M INFORMATION DISTRIBUTION STEM (RIDS)

ACCESSION NBR:8006&10232 DOC,DATE: 80/06/09 NOTARIZED' NO
FACIL:50=387 Susquehanna Steam Electric Statfon, Unit 1, Pennsylva
50388 Susquehanna Steam Electric Station, Unit 2, Pennsylva

AUTH ,NAME AUTHOR AFFILIATION
CURTIS,N.w, Pennsylvania Power & Light Co.
.RECIP ,NAME RECIPIENT AFFILIATION
YOUNGBLOO0D,B.J, Licensing Branch 1

SUBJECT: Forwards "Design Assessment Rept,Revision 2," Proprietary

version withheld (ref 10CFR2,790),
' ‘/ 209
DISTRIBUTION CODE: P801S COPIES RECEIVED:LTR _(EN(_:L Jsrz;;_?_‘i’_“?
TITLE: Pnoprietary Info Re PSAR/FSAR ’

PNy ~Si - e i~ iy~ e P R Y

RECIPIENT. COPIES RECIPI[::NT COPIES
ID CODE/NAME LTTR Em:tw I0 CODE/NAME LTTR ENCL
ACTION: 02 PMEAL S ! AD RO | = vt 1 0
BC bevnmr B D ! o M eS|y 1 0
INTERNAL @ 1 03 OPERA LIC' BR 11 #',3
GAB 1 05 MECH ENG BR 1 1 o0& 18
06 STRUC ENG a 1 07 MATL. ENG BR 2 2 Iy~
09 REAC SYS BR 1 10 ANL BR 1 1 s/
11 CORE PERF BR 1 12 AUX SYS BR 1 1 el
13 CONTMNT sys 1 1 14 I&C SYS BR 1 1 s
15 PWR SYS BRWO & 1 | 16 AD SITE TECH 2 2 MMIG-20
18 ACDENT ANL P#&§ 1 | 19 EFLT TRT 8Y8 1 1 ¥ 4
20 RAD ASMT B8R 11 21 I&E 2 2 Wad-dF
23 KIRKAOGD 11 AD FOR ENG 1 0
AD PLANT SYS 10 AD SITE ANLYS 1 0
AD/CORE & CONT 1 0 DIRECTOR NRR” 1 0
MPA t 0 NRC POR 1 0
OELD 1 0
’ ‘ -
EXTERNAL: 24 Acrs WP 2= @315’ LPOR 1o
LWR#3 LA W/AFF 10 NSIC 1 0
: .
Chrnee &= L £ Jenneced
) ‘ ¢t
VRC POIT ] WP #<v o
LIPOR ! NP (&-1-&) UV 13 1989
nsEe ] nP (4R )

-'*}ﬁaa
i h; b

TOTAL NUMBER OF COPIES REQUIRED:.

- - - s e - PI

LTTIR

———— 4 - @

x| !‘;r b?- g re st a4 TR W f Lo "':
L ‘&0 LT R RO O R

60
v

rreama A

ENCL 3@

. owe omn



e
TwS NORT™H NINTH STREET, ALLENTOWN, PA. 18101 PHONE: {215) 821.5151

PPal

June 9, 1980

Mr. B. J. Youngblood, Chief

. Light Water Reactors Branch No. 3
Division of Project Management
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SSES DOCKET NOS. 50-387, 50-388
DESIGN ASSESSMENT REPORT, REVISION 2
ER 100450 FILES 172-1, 840-2

PLA- 491

Dear Mr. Youngblood:

Transmitted herewith are 40 copies of Revision 2 to the Susquehanna SES
Design Assessment Report. Both Volume 1 and the Proprietary Supplement
have been revised. Listed below are the major modifications.

1. Revision of Section 4.2, "LOCA Load Definition", to reflect the
changes in load methodology required to comply with the October, 1978
NUREG-0487, as well as the addition of Subsection 4.2.3, "Response to
NRC Criteria for Loads on Submerged Structure'.

2. Update of Section 7.0, ''Design Assessment'.

3. Preparation of a non-proprietary and proprietary Section 9.0,'" SSES
LOCA Steam Condensation Verification Test GKM-IIM".

4. Completion of Appendix A, "Containment Design Assessment', and
Appendix E, "Reactor Building Structural Design Assessment'.

5. Update of Appendix D, "Program Verification', to include verification

\
of the KWU computer code VELPOT. ﬁ%\ O L %9

6. Rewrite of Subsection 8.5.4, "Thermal Performance of Quenchers".

PENNSYLVANIA POWER & LIGHT COMPANY

8006110 '1933\
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Mr. B. J. Youngbloed &
June 9, 1980

Page 2

In addition, a number of editorial and syntactical sentence modifications
have been included.

Pursuant to 10 CFR 2.790 and the affidavit submitted with our April 14,
1978 letter (PLA-244), we request that those pages marked proprietary be
withheld from public disclosure.

Very truly yours,

s (uni

.N. W. Curtis
Vice President-Engineering & Construction

PAF:JLI
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. UNITED STATES 9
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NUCLEAR REGULATORY cOMMI
WASHINGTON, D. C, 20555

MEMORANDUM FOR: TERA Corp.

FROM: US NRC/TIDC/Distribution Services Branch
SUBJECT: Special Document Handling Requirements

1. Please use the following special distributdon list for the
attached document.

2, - The attached-document requires the following special
considerations:

[:] Do not send oversize enclosure to the NRC PDR.

2 [:] Only one oversize enclosure was received - please
t return for Regulatory File storage.

L- ~
) E%?)Proprietary information - send arfidavit omnly to
the NRC PDR

f:] Other: (specify)

. - - -
[LTPEEN

Udee

cc: DSB Files
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e o5 s TIDC/DSB Authorized Signature .
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SECTION U o
TABLES

\

TITLE
Design Parameters Affecting SRV Loading
Quencher Hole Field Data - a
HOGEM Input Data

Line Loads Duginq SRV Opening

Line Loads During SRV Closing

Line Loads During Irregular Condensatior
Total Quencher Loads During SRV Opening

Total Quencher Loads During SRV Closing

Total Quencher Loads During Irreqular
Condensation

Quencher Arm Loads During SRV Opening
Quencher Ara Loads During SRV Closing

Quencher Ara Loads During Irregular
Condensation

Measured Parameters Relative to Fiqures 4-28
to 4-30

Subnerged Structure Pressure Difference as a
Function of Body Dimension

Submerqged Structure Multipliers

8006110222
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‘ . . 4.0 LOAD DEFINITION

‘4.1 SAPETY RELISF_VALVE (SRYV) DISCHARGE LOAD DEFINITION

!

‘This section ‘provides a general discussion of the approach used

for desiqn of the SSES Safety Relief Valve system (Subsection
4.1.1) as well as the methods used to calculate suppression pool

boundary and subaerged structure loads. For clarity the loading

conditions have been divided into two categories:

a. SRV’ discharqe hydrodynamic loads.exerted on the SRV
system (pipe, guencher, and support) itself
{(Subsection u . 1.2)

b. SRV dlscharqe loads on the suppression pool boundary and
submerqged structures (Subsectlon 4.1.3). .

4.1.1  General Discussion of the SSES Aporoach

‘The. SR8V system used for SSES has been .designed based on the

following criteria:
a. Reduction to the maximun extent practicable of the
"wetWwell water space dynagpic pressurtes associated witha
S|V discharge : :

'b. Avoidance of condensation instabilities associated with

»

high mass flux SRV stead discharges in ho: (up to 200°F).

‘suppres ion pools.

To batleY these crlterla, quenchers have been developad
specifically for the Pennsylvania Power and Liyht Conovany (228&L)
by Kraftwerkx dnion (X%U). A SSES-unigue dynamic load
specification has been prevared by XWJ for this device and is
described in Subsections 4.1.2 and 4.1.3. During an ext=asive
quencher development prograa (Ref 1), X4U has determined the
degree of influence of various SRY system design parameters oa
the dynamsic gressures which result from SRV discharge and has
concluded the following:

a. _Pool fpressure anplitudes decrease with decreasing pool
temperature. This is a consegqnence of the :elauionohip
between bubble stean content and satuhatlon condit Lons.

b. Pcol pressu"e amplitudes uecrease with anreasan pool

free water area. The effect of eccentric SRV discharge
locations on pool rressure amplitudes is neqgligible.-

4p~7
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.

c. Pool pressure aaplitudes decrease With decreasznq
quencher exhaust area. For decreasing exhaust qreas}
the enerqy input to the oscillating bubble-water systen

- is spread over a longer tiame, with a corresvonding

- 7 decrease in excitation of the’'oscillating systeam.

d. The influence of SRV discharge line length over the
range measured by KWU, 9 to 19a (29.5 to 62.3 ft), is
insignificant for a constant discharge line air nmass.
(¥hen tvo sets of units (Enqlish and detric) are given,
the first value is the original one; the second is an
approximation provided for convenience.) Detailed
information concerning effects due to long discharg~
lines with numerous bends will be obtained during the
Susquehanna unit cell tests described in Chapter 8.

e. Pool pressure amplitudes decrease with decreasing
expelled .air mass, ie, total enerqgy input to the systenm
‘decreases with decreasing air volume. However, the air
volune in the pipe should not be considered as an

assolute gqunantity of influence, but rather as a relative

effect, hiqhly deoecndent uron the aass of watar over
whica tho input energy is distributed and the Lage ac
which enarqy is added to the systed.' .

-
£

f. The Eollowinq-pd:amete:s affect pool pressures pecause
cf their Lnfiueance on SRY discharye line clea:inq
rressures, but are less inpportant than those aentioned
ahove: valve opening tiane, stear mass flux, SRV

.discharge line temperature, and su“ner,ence.

A more c*mp;eto 1Lst1nq of major and some locallzed parameters is

contained in Table 4-1.

The effects of differences in physical paraneters between SSES

-and X%U BWRs have been acccunted for in the quencher declgn shown

on Fiqure 4-1 and in Table 4-2. %o correct pcimarily for the
reduced steam mass £lux per SRV and increased line air voluaes,
the SSES quenchers have been designed with an outlet area
approxiaately 50 percent of that which has been used for German
BWRs. This assures that opticmum use ‘has been nade of the
discharqge area effect on pressure aaplitude reduction. Further
decreases in outlet area are not feasible due to the adverse
effect on SRV backpressures and SRV discharge line design
pressures.

The effect of SRV dlaChaqu line length (the lonqest SSES SRV
discharge line is about twice as longq as the longest line
previously tested by KWU) on pressuce amplltuue will be studied -
~durinqg the SSES unique testing program, as will the SSBES curved

, .

4p-8
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, , plpe arrangement with respect to lnhlbltlng steam-air mixing .
ﬂ prior to and during vent clearing. . T

4

0.1.1.1 Thetmal Performance ' : : ) ‘ : ‘: T

S One of the keys to the KWU quencher dev1ce is its abllltY to
S condense stably (without large pressure amplitudes) the steanm
fraction in exhaust steam—-air mixtures as well as pure stean o
discharqes. The most restrictive conditions, which involve high s
B steam mass fluxes and elevated pool temperatures, are of primary '
» | . inportance. Discharge hcle patterns are arranged to enable an
S influx of pool water between adjacent rows-under all ope;atxng ‘
. : conditions. This arrangement. ensures that imamediate contact is : e
. established between the cooler pool water and the warmer gas
B discharqged. '
The optimum quencher hole pattern verified during the GKM
- - quencher development program is used for the SSES design (Pigure
‘ 4-1 and Table U4-2). The 10 wm discharqe holes are spaced 15 mm
. on centers-and are arranged in rows which are separated by 50 an.
*°  The 50 mn center-to-center spacing prov;des the pathway for .
- supplyira water to the steam (sSee Fiquré 4-2), thereby enabling o
c the pool to b2 heatel alaost to the boiling point without a rise
in the pressice aaplirudes associated with S]R7 Jischarge.
Verification of guencher cthermal pazformaace aay be found in

@ 2 (on Figure 5.13 and page 5-3%). . .
! o . 2
§ 4.1.2 Loads or_the SRY_Systea_due_ rto S2Y_Actuation B

The loading conditioas which are described in the following R
subsections aoply to the SRV piping, quencher nody and acms, a1d ‘
quencher support.

(2]

C e

4.1.2.1 _SR2Y Line Backpressure_Load

The maxizum SRV backpressure during stealdy state blowdown was :

investigated analytically for the guencher discnarge device. The
longest lin2 geometzy was used in the analysis. It was

deternined that the maximua SRV dlscharqe line internal pressure
is less than 550 psigq.

Y
-

" = 4

8.1.2.2 SRV _Systen Water Clearing Pressure’ Load

This subsection sunnarizes the analytical tnchnlques enployed to
calculate internal pressures and vertical loads acting on .he SRV |
dlSChatge piping as a rasult of water sluq clearing. - |

Safety relief valve steam flow was assuazed saturated for all

Calculations. The X474 computer code HOGEY was used to coapute
. the pressure rise in an SRV discharge line throughout the water
';‘ clearan phabe thch Eollows the lifting of an SRVY. The code,

4p-9
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documented in Ref 1, has been verified with subscale (model) and-
in-plant test data. i L ' . . .-

The SSES unique parameters listed in Table 4-3 .have-been used as
input data to the HOGEM computer progranm.

The flow resxstancemcoefflcxent for quenchers .which had-been

optimized to parameters unique to KwU-designed plants was found

to be = 1.5, ®when calculating the SSES—-unique flow resistance
coefficients, particular consideration was given to the SSES-

unique gquencher. Due to different parancters {(coapared to K@U

plants), approximately one-halr the dlscharqe area of earller Kd0 ,
desiqgns was required. C ‘ . . . B

.

'Usinq an area reduction factor of 0.6, the effective discharge

area of the Susquehanna quencher is calculated as:
Beffq = 0.6 Ageom = 0.522 mz  (5.617 £t2)
since the cross-sectional area of an SRV.discharge line is:

Ap = 0.073 =z2

the area ratio becocanes:

The HOGEM code relates the quencher flow resistance coefficient
g, to the swuare of the flow velocity inside the SRV discharge
line, necessirteting the calculation of a velocity ratio- netxeen
the quencher discharqge ana the plpe flow velocxtles.

Bq = AD____ = _1_ =  1.39
WD AeEE q 5.72
‘ vhere:

W = flow velocity

For quenchers typical of those used in XWU designed plants, this
ratio is equal to one . , .

«

As a.significant portion of the pressure reduction mechanisa is
related to the gquencher discharge area, an appropriate resistance

4p-10
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coefficient was used for the Susquehanna gquencher, based on a
.value which had been previously verified for KWU plants.
. Consistent with the HOGEM code nmethodology, the SSES-unique value
) was calculated by multiplying the KWU value by the square of the
@ SSES velocity ratio. ,

2q. = (1.39)2 " = 1.93.0r abproximately 2.
2p . . ‘ e

E P

Hence, the Susquehanna quencher flow resistance coeff1c19nt is:
ESSES = 2 x 1.5 = }. where ‘1. 5 §for KHV plants.
The following clearing pressures were calculated for -the 1ongest

and-the shortest. SRV dlscharqe lines, respectively, based on the
“KRU HOGEW analy51 . . :

ﬁenqth—cf discharge_line Calculated clearlng pressure
" 48.3 m (158.5 f£t) - '22.7 bar (314.5 psig) .
3.9 m (114.5 £t) 27.1 bar (378.3 psiq)

1

* ‘The clearing oressure tize histeries are shown on Figure 4-3.
Subseguent O water claa:inq,ltqe internal pressuce changes to
the steady state s+t2an £lovw coni‘t-on. t H

ﬁ Por calculating the vertical load izposed on the quencher due to
’ the directional chaunge in flow velocity within the quencher
(vertical SRV discharqe line to horizontal gqueucher aras), a
conservative resistance coafficient, § = 0, was used (cather than
the value £ = 3.0 described in the paragraphs above).

-

- The following vertical loads acting on ‘an SRV discharge line
result €roa a change in direction of the water leg during water
clearing:

Length of the SRV discharge line .~ ¥Yertical l1ocad

48.3 m : . 490 kX (110.2 kips)
3.9 m o 620 k¥ (139-4 kips)

on quu e Y-4,

-

The time histories of these vertlcal loads (with = 0) are shown ‘

4p-11
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- 4.1.2.4 Ouencher Bodv Loads .

’

§.1.2.3 SRV Discharge Line Loads . L Coe e

During water slug clearing, the different pipe runs of the SRV
line are subjected: to dynamic loads due to flow changes within

the pipe (pressure and moaentum changes). ' The piping analysis

contained in Section 5.5 - includes these.loads. Figure 4-5
represents the vertical load on the last pipe run (ending with
the quencher). Tables #-4,4-5 and 4-6 list the pmaximum loads
experienced by an SRV dLscuarqe line during SRY opening, SRV
closing and lrreqular condensation, respectlvely.

'
.

4o

Oscillatiﬁq.bubbles from SRY discharge into the supéfessidn podi
produce external loads on the quenchers. An operating gquencher
is affected by bubbles caused by its own discharge as well as by

‘bubbles from adjacent quenchers. It has been shown

experircentally (Ref 23) that the maximuam external loading
condition on an individual quencher occurs during operation of
the guencher itself. The operation of one or more adjacent
quenchers does not produce increased loads. EZxternal loads on
quenchers which are not operating are evaluated using loading
conditions dascribed in Subsection 4.1.3 accordiang to their
leocation in the pool. ,

The ‘loads acting on the quencher body are shown on Figure 4-6.
Tadles 4-7, #-3 agd 4-9 list che maxigus lcads experienced by an
SSES quench2t during $RY opening, SRV closing and irrcegularc
condensation, resoectively. The load tine histories are
referanced in the sane tables. Seven thousand valve openings,
seven thousand valve closings and one gillion irreqular
condensaticn load cycles have been assumed.

4.1.2.5 ~2uenchec Ara Loads . . . . -

»

.The loads acting on each quencher ar-m® are shown on Flgu*e 4-14,

Tables 4-10, 4-11 and 4-12 list the maximum loads exper;enc;d by
an SS32S quencher ara duriag SRV opening, SRV closing and
irreqular conlensation, respectively. The load time histories
are referenced in the same tables. Seven thousand valve .

‘openings, seven thousand valve closings and one .million ircegular

condeasaticn lcad cycles have been assumed.

u-ilg.s Quencher Supvort Loads - . . R

«

The quencher supports have been designed ‘for the following loads:

a.: Ldads-actind on-the quencher due to SRV discharge as
discussed in Subsections 4.1.2.4 and 4.1.2.5.

-

4p-12
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ﬁ *T . Ce Loads from flow deflection within the discharge -line
" . d..a Loads.due‘toabscillatinq dischérqe bubbles ’ . ) :

;i 4.1.2.7. Quencher Fatigue Loads S L o ’w:
*:*;ﬁ -, " Although each cleariﬂq event is followed by ;earlytcontinuouél ~ .

. " stean flow, steam condensation does not cxhibit .a uniform ‘
- . behavior throughout the ,entire ranqge of 'steam nass flow rates and "
7. ' wetwell water temperaturus. The various regions of condensation
. behavxor are shown on Figure 4-22. The quencher experiences
: maxiomum hydrodynamic and thermal fatigue loads during,

n discontinuous flow or irreqular condensation (transition region,
. Fiqure 4-22). The irregular condensation loads from Table 4-9 .
VTR are used for fatique considerations. One million total stress
: .+ cycles ({associated with the irreqular condemsation are assumed
. for the analysis. : ..
., 4.1.3 Lcads on Suppression Pool Structures due to SRV
Actuation “ .

»

s

.. .. This subsection dasccibes loads on wetted portions of the
, - suppressioa pooi-doundary and subnerged structures. Subdbsections
3.3 qive the circuzferential pressurce

" 8.1.3.1 thoougn 4.1,

‘ @ distributions on tha suppression pool boundaries for the various
s SRV actuation cases.The vertical pressure distribution on the

- boundaries is discussed in Subsection #.1l.3.4. Subsection

- 4.1.3.5 gives the pressure tize histories used for the analysis.

e 8.1.3. 1  Symnmatric Loading Condition_ (S2V AllL , .

L » N t =

el . The assunption that all gas bubbles arising f£roo SRV discharge
.. ' oscillate in phase with the same strenacth (highest possible)
leads to the worst loading case as lescribel for the noraalized

. - condition on Pigure %-23. For the entire cegion (pasexact,

« containment wetted wall, and pedestal wetted wall), the mos

~ ° .. restrictive pressure time histories as described in Subsec*mon
e 4.1.3.5 have been used for the analysis to ensure conservatisa.
o In the lower region the amplitude multiplier has been chosen to

.2 +. be consistent with the analysis presented in Subsection 4.1.3.5,
while in the upper region the same nulciplier decreases linearly
to zero at the water surface shown on Fiqura 4-24. :

" - 4.1.3.2 Asynmetric Lecading Condition . \

. The most restrictive asymmetrical loading condition occurs when a
group of adjacent valves is operating. The analysis was made for.
the case in which three adjacent valves are operating. The
normalized pressure distribution is shown on .Figure #4-25.

P 4p-13 - .
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The pressure distribution was defined circumferentially for a
180° segrent.On both sides of a 90° range with a constant
pressure level, the pressure decreases linearly to zero over 450,
Oon the other 180° seqgment of the pool, the pressures wWere assuaed
to be zero. The vertical pressure distribution was assumed to be
the same as for the symmetrical case. The nultiplier described
in Subsection 4.1.3.1 is also applied to this case.

4.1.3.2.1 Sinqle VYalve Actuation Loadinq“Condiﬁion b

Asyaonetric,loading also occurs when a single valve actuates. The
normalized pressace <distribution for this case is shown on

Figure 4-26. The pressure level in the circumferential direction
remains constant over a range of 30° and, on both sides of this
range, decreases linearly over 47.5°% to 20 percent of the maximum
value. Outside of this regqion, the pressure equals 20 percent of
the maximum pressure valve. For comparison, a pressure decrease
related to the law 1/R is shown on the same fiqgure. The pressure
distribution in the radial direction is also included in

Figqure &-26.

4.1.3.3 Autozmatic Depressurization System (ADS) Loading
Condition :

13

ation, see rFiqure 1-4)
are acting in phase, there is no qgreat difference bdetween the
syazetsic and the ADS loading conaditions. rquze $~27 depicts
the normalized pressure distribution used for this case.

'}

LY I )

4.1.3.4 TFertical Pressure Distribution

once the gas bubbles have Lkeen expelled £roa 2 quencher, they
coalesce and the resulting bubble agglozeration rises due o
buovancy effects while oscillating. Because of the free sucrface
presence, fpressuces on containzent and peiestal walls near cthe
water surfaces are lover than the pressures on the basezat. 7Jor
such confiqurations the observed vertical valocity cozpon2nt is
in the arder of 2 m/sec. However, the pubble oscillation is
pearly daoped out after approxizately 1 second as caa be seen on
Fiqures 4-28 to 4-30.. Therefore, the assumed pressure decrease
with elevation as shown on FIqure 4-24 .is conservative.

-

"ors

4.1.3.5S Pressure Time Histories

The definition of SRV loads on suppression pool wetted boundaries
and submerged internals can be linited tc loads resulting froa

' gas bubhle oscillation following vent cleaciag, as these loads

have been shown to be bounding when compared to those associated
with the other phases of SRV discharqge (Ref 3). This section
contains a discussion of*individual pressure time histories as
well as spatial effects. ' .

/

4p-14
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Immedlately folloving the lifting of an SRV, a nixture of steanm
and air is discharged into the suppression pool. The pressure
time histories experienced by the suppression pool wetted
boundaries and submerged structures differ with respect to
anplitude frequency and daaping for each actuation event (Ref
21) . ‘

To obtain a bounding loading coadition for SSES containment
analysis, conservatism with respect to frequency, daapinqg, and
pressure amplitude is required. The resulting loads are applied
to the containment in accordance with the spatial pressure-
distributions described in Subsections 4.1.3.1 through #4.1.3.4.:

In order to obtain a valid frequency spread, measured traces from
previous K77 full scale testing proqrams wWere selected and
analyzed. Approximately 200 runs from various Kraftwerk Union
BWR power plants were available. Prom these, three traces were
chosen from the Bruasbuttel non-nuclear hot functional testing

- program for use in SSES design verification (for conservatism, |,

subsequent actuation cas2s5 have bheen usad). The three traces are -
shown in Fiqures 4-23, 4-29, and 4-30 and the test conditions are
described in Reference 21l. 4ajor paraneters are listed in Table |
u—13¢ ‘ s

sbutbel gegt'nq progran, all proessuces vere?

Duuan the 3351
'l 1»11 tosition adjacent to the operatriny quenchar.

b
aeasured at a
o

a
Distance to the nearest actuating guencher arm ¥as approXximataly
1 m (3.23 £).. Iﬁg__gggg;_j_g;essu:e t-aces_are_tihersfoce
expected to_incluie all water clearing (water jet)_and_aiz_bubble
os*xllat;cx efiacrs. L

The t:aces used were selected not only for their fregquency
variation bu%t also for their relatively large pressure amplictudes
of 0.5 to 0.8 bhar (7.25 to 11.6 psia). Figure 4-28 contains the
highest pressure asplitnde ever aeasured during in-planc testing
£ollowing tha water slug clearing phase of a KWU quencher

equipped safety relief systea. WiHiie the oscillation shown in
Piqure 4-23 is dampad out rapidly, the other two traces exhibit
less damping. A comparison between Figures 4-29 and 4-30
indicates that peak pressure aaplitudes can be experienced at
different tiames. .

Piqures 4-31 to U-33 contain power spectral density functions for
the initial 0.6 sec. of the measured pressure traces. For
purposes of conmparison it should be mentioned -that the traces
contain variations ina ordinate scaling. In all casas aa air
fbubhle oscillaticn frequency between 6 and 8 cps is doainant.
Althouq the pressure amplitude of tun #35 has the highest
nagnitude (refer to Fiqure 4~28), the magnitude of the power
spectral deasity of the dominant bubble frequency is small:
(Fiqure #4-31) when conmpared to the two other cases (Figures 4-32

/ c . ) ,
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and 4-33). When the rapid damping of the oscillation as shown in
Figure 4-28 is taken into account, a unique bubble oscxllatlon
can be presumed to have occurred. . .

In addition to the nost important first 0.6 seconds of each
trace, Piqures 4-34 to 4-36 show the power spectral density’
fuhctions during longer periods of the same traces. The bubble ™
frequency remains the dominant frequency even though the pressure
amplitudes are in practice damped out before the analyzer trace
ends, This. prevailing frequency shows that the traces do not
contain geometrical effects such as eigenfrequencies of the
structure. Therefore, the pressure time histories are used as
pure forcing functions. It should be added that the fpressure -
transducers used were fastened to a stiff sandwlch wall structure

'
s

to minimize interaction eiffects.

In order to obtain a conservative frequency content, the
variation irn air mass between the Susquehanna SRV discharge llnos
and those used for Brunsbuttel were taken into consideration.

The longest SSES discharge line has a conservatively estimated
enclosed air voiuze of 3.1 @3 (L09.5 f£t3) (refer to Taktle 1-3)

_while the 8runshuttel discharcge lines have an enclosed air voluae

of l.45 =3 ({51.2 £t3) (refer to 3ef 2). The ratio of these ) :
volunﬂs is 2.14 to 1. ‘ : ] . . S .

3

AssSuning a soherical airc buhble, the air bubble frequency is

inverselv prooncroticnral to the cube root of the air voluae ratio
2as can be seen in Ref §. If a flat zubdbble with a constant cross
sectional area is assuned, the air bubbvle frequency will be
inversely provortional to the sguare rcot of the volume ratio as
can be seen in Ref 5. This analysis-assumes the-real bubble

.shape to ka2 between these two limites, and the resulting

freguency shift to ke between the tvwo models' prediction of the
air-volume ratio proportiocnality. . , . '

In order to obtain a coanservative frequency content, the three
traces (Figures 4-28 to 4-30) which were used a3 noraalized
forcing functions were expanded in time by a factor l.3 (an
expansion) and reduced in time by a factor 0.9 (a contraction).
dIthin a given frequency range one of the three traces affects an
individual location in the containment structure nore -adversely
than the others.

The Susquehanwa S?S quenchers were desaned to compensate for the
fact that some of the Susquehanna paraneters were different fronm
thcse of the Brunsbuttel plant. To adjust for ‘lower values of
steam mass flux per SaV, and for the greater initial enclosed air
mass, - the exit area of the Susguehanna guencher was reduced to
approxinately one half of that of existing KWU power plants. Any
further relduction in quencher discharge area, regardless of its
desirability, is unfeasible due to linitations imposed on SRV

, N

. . 4p-16




ERA & il e



PROPRIETARY

| EXH!BIT “A”

discharge line internal prssures as well as SRV backpressures.
Based on the experience obtained during the subscale testing )
phase of K#U's quencher development prograa (rerer to Ref l), it

is unlikely the maximum SSZS pressure anmplitudes will ever exceed \\_
a normalized value of 1.5 when applied to the Brunsbuttel

pressure ampplitudes. Therefore, this evaluation is based on a
conservative normalized value of 1.5; this valu: will be verified
during t it cell testing proqra- ..which is
explaine nd has been used in coc. ;unction with
pressure~-t iesS, (Figures 4-28 through 4-350) for the
suppression povi-wall, pedestal, and basemat adoquacy
assessments.

s

4.1.3.7 Loads on Submerged Structures due to SRY Actuation

The normalized pressure time histories presented on Figures 4-28,
4-29, and 4-30 (refer to Subsection 4.1.3.5) are alsc used for
the analysis of loads on submerqged structures. The vertical
pressure distribution of Fiqure 4-24 is adopted. The lcads are
calculated using the pressure values and the subaerged structure
projected area. The computed loads Were assuaed to be acting in
the: lateral direction except for the downcoamer bracing and the
downconar stiffener ring loads.

The downcozer bracing loads ar2 assuaed to be acting in tha
lateral and vertical dir-actions simultaneously. The lateral load
is calcunlated using the reduced pressure value according o
figure 4-24%, The vertical load is calculated using the full
pressure valu=2. The downcomer ring plate loads are assumed to be
acting in the vertical direction. This varzical load is also
calculated using the full pressure value. - f/w
Sizilar to the loads on the suppression pool werted walls, a. /;2:§
multiplier was adopted when apolying the normalized pres u&e time
histories to account for differences between SSES and Brunsbuttel
quenchers. The value of the multiplier was taken differenctly
depending on the size (dianetar) of the subnerged struc:urce.
Discussicns pectaining to the choice of this multiplier ace

provided below. . .

Por the case of a single spherical oscillating gas bubble, the
pressure arplitudes relative to the surrounding water pressure
can be calculated by the siample relation:

Pressure differential attenuation = Ro
R
where
Ro = bubble radius _ L * - sﬂli'
/

4p-17
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. TABLE 4-~7 .~ |
G o TOTAL_QUENCHSR_LOADS DURING SRY QPENINGC1?
Haxinunm
Load . Value Direction Time_History .
Internal over 27 bars - . . See Figure 4-7
pressure ‘(377 psiqg) ' :
External load 44 kn¢(2)» Sipultaneously in See Figure 4-8

" . (3891 1lb) the horizontal and .
.o - : vertical quencher :

planes,

.~ + - dater deflection 620 kn Vertical | See Fiqure 4-5
. load inside the (139,376 1b)

quencher ) : ) :

Torque ' ) 40 knm In horizontal:- See. Figure 4-9

) (29,501 guencher plane .
£t-1h)
. External load due : ’ ‘
.~ to bubble oscillation (See Subhsaction 4.1.2.4)

e (1) . For the case of a sliding joint in the discharzqge line close
to the quencher (Fiqure 4-10), the pressure inside the

pipe acts as an external force. This case is shown ia .
Figurce 4.11. : ' ‘

.¢2) Eeffects of asyametric hole arrangezent are included.
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| .. 07" TABLE 4-8 . o
@ W © ' TOTAL QUENCHER LOADS_DURING SRV_CLOSING
- Maxinmunm - .
Load ' Value Direction - . Time History
S0 External load 4.5 kn Simnultaneously in the SeevFigdre 4-12
: 4 - (1012 1b) horizontal and verti- | . .
i : -~ cal quencher planes
Torque 6 knn In horizontal quencher See Piguré.u—12
(4425 . plane )
- £t=1b)
. /
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| TABLE 4-9 S .
| A . - TOTAL QUENCHER LOADS DURING L
L B ~ ' _IRRBGULAR CONDENSATION ' o
. . Maxinmum - _—
_+ Load . Yalue Direction S Time History
External load 17.5 kn - Simultaneously in . See Figure 4-13
3 ‘7 ' ’ - ) me
(3934 1b) the horizontal and '
. vertical quencher
" planes
Torque " 19 knm -In horizontal See Pigure 4-13 -
E ’ (14,013 quencher plane ‘ o
£t-~1b)
4
‘\ -
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TABLE 4-11

. QUENCHER ARM LOARS DURING_SRV_CLOSING

. ‘Maxinumn

Load

Internal over

pressure

External ;oad

Bending moment
on welding sean
at intecsection
betvyeen quencner
arn and quencher
ball

Theraal load

- {Internal temder- -

atura)

Value Direction _Iipe Hisfogi
22 bars: - : - ' 'see Pigure u4-18

{304 psiq)

ﬁ.S Kn _Simﬁltaneouély

(1012 1b) in the horizontal o
and vertical planes See Pigure U4-19

3 Knm Simultaneously See Fiqure 4-19
(2213 in the horizontal

ft-1b) and vertical planes
- 219°C - See Figqure 4-18
(426°7) o ”

.
3
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TABLE 4—12 ' )

:‘ ‘ ,QUENCHER ARM LOADS DORING IRREGULAR CONDENSATION AN

Maximum ;

Load Value Direction ’ Time_History

Internal pressure 3.0 bars - See Piqure 4-20
(28.8 psigqg)

External load " 14.5 Kn Simultancously See Figure 4-21
(6638 in the horzizontal .- .
£t-1b) and vertical

T . direction

Bending moment S Xnm Simultaneously See Piqure 4-21

on welding seam (6638 in the horizontal

at intersection £t-1b) and vertical plane

between quencher

arn and quencher

ball

Thernal load 1330¢C - - See Figqure 4-20

{Iinternal téavsr- (271.49F) s

tur ’
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PS.1-P5.10
P5.1-P5.10
P5.1-P5.10
P5.1-P5.10
P5.1-P5.10
P5.1-P5.10
P5.1-P5.10
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Test 4.1l.1
Test 4R.1.1
Test #4.1.6.
Test 1l.1
Test 12.1
Test 15.l.i
Test 15.Rl.1
Test 19.1.1
Test 19.R2.1
Test 19.R2.2
Test 19.R2.3
Test 19.R2.4
Test 19.R2.5
Test 19.R2.6
Test 19.R2.7
Test 19.R2.8
Test 19.R2.9
Test 19.R2.10
Test 20.1l.1
Test 20.Rl.1
Test 20.R1.10
Test 21.1
Test 21.2
Test 25.1

Test 25.R2
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1,

Maximum Resultant Bending Moment at‘Quencher Arm 1 - .-
Long Pipe Vent Clearing Tests

Maximum Resultant Bending Moment at Quencher Arm 2 -
Long Pipe Vent Clearing Tests

Maximum Resultant Bending Moment at Quencher Arm 1 -
Short Pipe Vent Clearing Tests
Maximum Resultant Bending Moment at Quencher Arm 2 -
Short Pipe Vent Clearing Tests

Maximum Resultant ‘Bending Moment at the Qhencher
Support - Long Pipe Vent Clearing Tests

Maximum Resultant Bending Moment at the Quencher
Support — Short Pipe Vent Clearing Tests

Observed Condensation Phases During Tests

Typical Visicorder Trace of Stationary Operation of
Quencher Test 33.2-10 Seconds after Start

Typical Visicorder Trace of Stationary Operation of
Quencher Test 35.1-20 Seconds after Start

Visicorder Trace Showing Intermittent Oﬁeration of the
Quencher - Test 36.1 System Pressure - 6.2 - 1.0 bar
Pool Water Temp - 26°C - 30°C

Visicorder Trace Showing Excerpt from Intermittent
Operation of Quencher Test 36.1 - 280 Seconds after
Start

Visicorder Trace Showing Single Event Out of
Intermittent Condensation Test 36.1

Typical Visicorder Trace of Stationary Operation of
Quencher Test 37.2 - 13 Seconds after Start

Typical Visicorder Trace of Stationary Operation of
Quencher Test 39.1 — 10 Seconds after Start

Visicorder Trace Showing Intermittent Operation of
Quencher - Test 40.1 System Pressure - 2.5 bar Pool
Water Temp. — 89°C - 91°C

Dynamic Bottom Pressures during the Blowdown Along the
Upper and Lower Boundary of the Operation Field

Dynamic Wall Pressures During the Blowdown Along the
Upper and Lower Boundary of the Operation Field
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8-87
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8-89

8-90

8-91
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8-94

8-95

8-96

8-97

8-98
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Occurrence Frequency Distribution Positive and Negative
Dynamic Amplitudes for the Condensation Tests Pool
Temp. 22°C-30°C

Occurrence Frequency Distribution Positive and Negative
Dynamic Amplitudes for the Condensation Tests Pool
Temp. 59°C - 91°C

Occurrence Frequency Distribution Positive and Negative
Pressure Amplitude for Condensation Tests Pool Temp.
229C - 30°C

Occurrence Frequency Distribution Positive and Negative
Pressure Amplitude for Condensation Tests Pool Temp
590C - 91°C

Mean Values of the Bottom Dynamic Pressures During the
Blowdowns Along the Upper and Lower Boundary of the
Operation Field

Mean Values of the Wall Dynamic Pressures During the
Blowdowns Along the Upper and Lower Boundary of the
Operation Field

Hater Temperature Time Histories On Pool Wall
Condensation Test 33.2

Water Temperature Time Histories On Pool Wall
Condensation Test 35.1

Water Temperature Time Histories On Pool Wall
Condensation Test 37.2

Water Temperature Time Histories On Pool Wall
Condensation Test 39.1

Water Temperature Time History On Quencher Arm 1
Condensation Test 33.2

Water Temperature Time History on Quencher Arm 1
Condensation Test 35.1

Water Temperature Time History on Quencher Arm 1
Condensation Test 37.2

Hater Temperature Time History on -Quencher Arm 1
Condensation Test-39.1

Calibration of Sensors and Registration Instruments

Intervals for Calibration Checks and Adjustments of
Instrumentation

Calibration System



8-100 Calibration Results Deviations from Nominal Value -
P5.1 - P5.10

8-101 Water Level in Discharge Line Test 15.1

8-102 Water Level in Discharge Line Test 20.1

8-103 Water Level in Discharge Line Test 32

8-104 Effects of Free Surface and Rigid Tank Walls on Dynamic
Fluid Pressure

8-105 fiethod of Images

58—106 SSES Smallest Unit Cell and the Karlstein Test Tank

8—-107 Pressure Profiles for Different Bubble Locations

8-108 Pressure Profile for a One and Four Bubble Arrangement

8-109 Comparison of Measured and Calculated Normalized

Pressure Profiles

8-110 Comparison of Pressure Profiles Calculated for the
Karlstein Test Tank and the SSES Suppression Pool

8-111 Comparison of Calculated and Specified Pressure
Profiles
8-112 Tank Arrangement Showing Instrumentation and Explosive

Charge Locations for Measuring Tank Reponse

»

8-113 . Configuration of Explosive Container Used to Generate
Underwater Pressure Impulse

8-114 Typical Tank Response Due to Pressure Impulse

8-115 Frequegéy Analysis of Gage HWA2

8-116 Frequency Analysis of Gage WA7

8-117 Frequency Analysis of Gage WAS8

8-118 Frequency Analysis of Gage P5.10

8-119 Displacement Correlations for 13 Hz - pigenmode

8-120 Displacement for the 13 Hz Eigenmode

8-121 Test Tank Arrangement for Shakedown Tesés

- 8-122 Tank Displacements and Pressure Trace During Shakedown

Test 08.1

8-123 Frequency Analysis of Gage WA2 Shakedown Test 08.1
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8-125
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8-127

8-128

8-129

8-130
8-131
8-132
8~133

8-134

8-135

8-136

8-137

8-138

8-139

8-140

8-141

8-142

8-143

8-144
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Frequency Analysis of Gage WA7 Shakedown Test 08.1

Frequency Analysis of Gage WA8 Shakedown Test 08.1
Frequency Analysis of P5.10 Shakedown Test 08.1

Air Mass Flow used for KOV1Bl Computer Code
Calculations

Unit Wall Displacement of 13 Hz Mode Used in KOV1Bl
Computer Code Calculations

Boundry Pressure Distribution Calculated for Unit
Displacement of 13 Hz Mode

Wall Presure Calculation with KOV1Bl Computer Code
Effects of FSI on Bubble Frequency
Typical Pressure Trace in SRV Discharge Line Test 4.1l.4

Typical Pressure Trace in SRV Discharge Line Test
20.R1.7

Pressure in Steam Line before SRV Versus Pressure in
Buffer Tank at Value Opening

Pressure in Discharge Line Versus Reactor Pressure at
Vent Clearing - P4.1 Long Line Tests

Pressure in Discharge Line Versus Reactor Pressure at
Vent Clearing — P4.4 Long Line Tests

Pressure in Discharge Line Versus Reactor Pressure at
Vent Clearing - P4.1 Short Line Tests

Pressure in Discharge Line Versus Reactor Pressure at
Vent Clearing - P4.4 Short Line Tests

Vent Clearing Pressure Versus Valve Opening Time

Steady State Pressure Versus Reactor Pressure - Pl.l
Long Line Tests :

Steady State Pressure Versus Reactor Pressure P4. 4

Long Line Tests

Steady State Pressure Versus Reactor Pressure - Pl.1
Short Line Tests

Steady State Pressure Versus Reactor Pressure - P4.4
Short Line Tests

Steady State Pressures at Different Locations Along the
Discharge Line Extrapolated to 88 Bar Reactor Pressure
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8-147
8-148
8-149
8-150
8~151
8-152
8-153
8-154
8-155

8-156

8-157

8-158

8-159
8-160
8-161
8-162
8-163
8-164
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-

Typical Trace for Vertical Load Long Line Tests

Vertical Load Versus Clearing Pressure Long Line Tests

Vertical Load Versus Vent Clearing Pressure Short Line 0

-Tests

Typical Trace for Torgue on Bottom Support Lon§ Line
Test

£

Bottom Support Torque Versus Vent Clearing Pressure

Long Line Tests

Bottom Support Torque Versus Vent Clearing Pressure
Short Line Tests

Typical Trace for Bending Moments on Quencher Arms Long
Line Tests :

Resultant Quencher Arm Bending Moment Versus Vent
Clearing Pressure Short Line Tests

Frequency Distribution of Haximum Resultant Bending
doment on Quencher Arms and at Weld Sean

Resultant Bottom Support Bending Moment Versus Vent
Clearing Pressure Short Line Tests

Frequency Distribution of Maximum Resultant Bending
Moment on Bottom Support SG 4.5 - 4.6 0

Frequency Distribution of Maximum Resultant Bending
Homents On Quencher Arms at Strain Gages Intermittent
Condensation

Frequency Distribution of Maximum Resultant Bending
Moment at Weld Seam on Quencher Arm — Intermittent
Condensation

Frequency Distribution of Maximum Resultant Bendinyg
Moments at Bottom Support - Intermittent Condensation -
0.5 m below Quencher Center

Power Spectral Densities Test 1ll.1 - P5.5

Power Spectral Densities Test 1l.1 - P5.2

Povwer Spectral Densities Test 4.1.6 - P5.5

Power Spectral Densities Test 4.1.6 - P5.2

Power Spectral Densities Test 20.R1l.10 - P5.5

Pover Spectral Densities Test 20.R1.10 - PS5.2
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8-170
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8-174
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8~177
8-178

8-179
8-180
8-181
8-182
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8-185
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Maximum Specified Vertical Pressure Profile and
Measured Maximum Values - Overpressures

Maximum Specified Vertical Pressure Profile and
Measured Maximum Values Considering.Local Effects

Maximum Specified Vertical Pressure Profile and
Measured Maximum Values - Under Pressures

Karlstein Tests - Comparison of Measured and Calculated
Bubble Frequency — 0% Humidity

Karlstein Tests - Comparison of Measured and Calculated
Bubble Freguency - 100% Humidity

GKM Tests - Comparison of Measured and Calculated
Bubble Frequency

GKM Tests - Comparison of Measured and Calculated
Bubble Freqguency — Overpressure

KKB In-Plant Tests - Comparison of Measured and

Calculated Bubble Frequency

SSES Calculated Bubble Frequencies

Multipliers for Conversion of Bubble Frequencies the
Karlstein Test to SSES

Overpressure Multiplier for Conversion of Bubble
Frequencies

Normalized Amplitude Spectrum Versus Bubble Frequency -
Karlstein Tests

Karlstein Model Tests - Influence of Water Surface on
Pressure Amplitude

GKM Tests - Influence of Overpressure on Bubble
Pressure

PSD of Karlstein Tests — 11l.1 and 12.1 - P5.10

PSD of Karlstein Tests 4.1.1 and 4.1.6 - PS5S.1l0

PSD of Karlstein Tests 21.1 and 21.2 - P5.10

PSD of Test 20.R1.10 - P5.4

PSD*s of Test 1ll.1 - P5.2, 5.4 and 5.10

PSD Comparison -~ Test 20.R1l.1l and Design Specification

PDS Comparison Test 4.1.1 and Design Specification
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8-189
8-190
8-191
8-192
8-193

8-194

8-195
8-196
8-197

8-198 °

8-199
8-200

8-201
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PSD Comparison Test 20.R1l.10 and Design Specification

PSD Comparison Test 21.1 and Design Specification

PSD Comparison Tests 21.2 and 25.R2 and Design
Specification

PSD Comparison Test 4.1.6 and Design Specification

IBA Drywell and Wetwell Pressure History -
PSD Comparison Test 1ll.l and Design Specification

Typical Cross Section of SSES Suppression Pool

Revised Quencher Arrangement

Velocity of Rotating Pool for One Actuating Valve in
Outer Row

Water Motion of the Accelerated Pool
Test Stand for Measuring Thrust

Measured Temperature Distribution in the KKB
Suppression Pool

Resultant Bending Moment on Dummy Vent Versus Reactor
Pressure g

Resultant Bending Moment on Dummy Vent Versus Clearing w
Pressure .

Resultant Bending Moment on Dunmmy Vent Versus Pressure
Amplitude at P5.7

Specified Pressure Distribution on Dummy Vent

Typical Visicorder Trace for Bending Moment on Dummy
Vent
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SECTION 8
TABLES
Title
Typical Operating Instrumentation
Typical Vent Clearing Test Instrumentation
Typical Condensation Test Instrumentation

Parameters at Test Start — Long Pipe Vent Clearing
Test Series

Parameters at Test Start — Short Pipe Vent Clearing
Test Series

Parameters at Test Start - Condensation Test Series

Behavior of the SRV and System Pressures - Long
Pipe Vent Clearing Test Series

Behavior of the SRV and System Pressures - Short
Pipe Vent Clearing Test Series

Peak Dynamic Pressures on the Pool Boundary During
Vent Clearing - Long Pipe Vent Clearing Tests

Peak Dynmamic Pressures on the Pool Boundary During
Vent Clearing - Short Pipe Vent Clearing Tests

Maximum, Strains, Moments and Vertical Loads on the
Quencher Arms and Support During Vent Clearing -
Long Pipe Tests

Maximum Strains, Moments and Vertical Load on the
Quencher Arms and Support During Vent Clearing -
Short Pipe Tests

System Pressures and Pool Water Temperatures of the
Condensation Tests

Peak Dynamic Pressures Amplitudes During the
Different Condensation Phases

Statistical Characteristics of the Bottom Dynamic
Pressures (P5.2)

Statistical Characteristics of the Wall Dynamic
Pressures (P5.10)

Repetition Tests - Comparison of Recorded Valves

Repetition Tests - Mean Values and Deviations
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8.0 _SSES QUENCHER_VERIFICATION TEST

8.1 INTRODUCTION

8.1l.1 Purpose_of the Tests

The optimized quencher design for SSES and the load specification
on the wetted boundaries of the suppression pool, on the
submerged structures and on the pressure relief system, are based
on parametric model test studies and full scale inplant test
results from a similar quencher design. The load specifications
for the SSES quencher are described in detail in Section 4.1l. 1In
order to verify these load specifications and further verify the
quencher's steam condensing characteristics, full scale single
cell tests were conducted at the Kraftwerk Union laboratories in
Karlstein, West Germany.

8-1.2 Test_Concept

The concepts used to design and perform the tests vere:
1) Use of a conservatively defined single cell

2) The close simulation of the main safety relief valve
system parameters

8.1.2.1 _Unit Cell Approach

8.1.2.1.1 Single Cell Theory

For a gas bubble oscillation in a free water space, the water
mass coupled to the bubble is alternately accelerated and
decelerated. During this process the overpressure and
underpressure amplitudes decrease with increasing distance from
the bubble. When a solid wall is placed near the oscillating
bubble, the water acceleration is restricted in the direction of
the wall and the decrease in pressure amplitude in the direction
, of the wall is less. This effect can be expressed mathematically
by replacing the.bubble by a potential source and accounting for
the wall by the method of images. The effects of the real source
and the image source are added for each point of the flov field.

For the case in which a bubble is enclosed in a narrow water
space, closely surrounded by solid walls and a solid bottom with
a free water surface at the top, the water space below the bubble
is for all practical purposes unmoved. Only the water volume
above the bubble is free to oscillate.. Consequently, the
pressure gradient in the lower water space is nearly zero, while
the pressure amplitude above the bubble decreases with increasing
proximity to the water surface. The pressure amplitudes are zero
at the water surface and the method of images applies.
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Analytically, the case in which a planar field of uniform
strength bubbles are all oscillating in phase is the same as the
case in which solid walls exist between each of the individual
bubbles. The single cell test configuration used at Karlstein
simulates this extremely conservative case of parallel bubbles
oscillating in phase with the same source strength. A
description of the equivalence of the single cell configurations,
using the method-of images, is contained in Fiqures 8.1 and 8.2.
For a more detailed evaluation of the Karlstein test tank single
cell, see Section 8.5.1.

8-1-.2.1.2 Application_of Single Cell Approach

The submergence of the quencher in the test tank is equal to the
highest value in the plant. As to the water cross-section area
the single cell theory described above is used. Figure 8.3 shows
a geometrical partition of water space. The water cross-section
areas related to the different quenchers are listed bhelow:

Average Water Related Water
Surface Surface _____
Quencher A , 31. 47 m2 (338.62 £t2) 21.4 m2 (230.26 ft2)
Quencher B 31.47 m? 21.4 m2
Quencher C 31.47 m2 ‘ 31.3 m2 (336.79 ft2)
Quencher D 31.47 m2 42 m2 (451.92 £t2)
Quencher B 31.47 m2 313 m2
Quencher F 31.47 m2 31.3 m2
Quencher G 31.47 m2 42 m2
Quencher H 31.47 m2 31.3 m?2
Quencher J 31.47 m2 31.3 m2
Quencher K 31.47 m2 42 m2
Quencher L 31.47 m2 . 31.3 m2
Quencher H 31.47 m2 31.3 m2
Quencher N 31.47 m2 21.4 n2
Quencher P 31.47 m2 21.4 me
Quencher R 31.47 n2 31.3 m2

Quencher S 31.47 nm2 42 m2
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The smallest water surface (approximately 21.4 m2) is simulated
in the tests. Therefore, the dynamic pressure amplitudes at the
walls and the bottom are measured under conservative boundary
conditions.

8.1.2.2 _Simulation of SSES_Parameters

The following section provides a description of those parameters
that wvwere simulated in the Karlstein test facility. These
parameters are typical of most MK II plants. For more detail on
the test facility see Section 8.2

8.1.2.2.1 Primary System_ Pressure

The reactor operating pressure for SSES is approximately 1000
psig (69 bar) while the highest pressure set point for any SSES
Safety .Relief valve is 1205 psig (83 bar), which is close to the
highest primary pressure that can be simualted in the Karlstein
test facility (82 bar). This allowed the test simulation to very

closely match the range of initial primary system pressures that .

can be expected in the operating plant.

-

8.1.2.2.2 Safety Relief Valve (SRV)

In order to match the characteristics of the Safety Relief Valve,
an original Crosby SRV, shipped directly from the plant site, was
installed in the test stand and used in all tests.

8.1.2.2.3 Discharge Line

In order to cover the range of discharge line lengths and
therefore air volumes that exist in SSES, two vent clearing test
series were run; one with a discharge line that simulates the
longest SSES discharge line (48 m) and one that simulates the
shortest SSES discharge line (35 m). In addition, the number of
bends in each line, the inner diameter of the main part of the:
line (303.9 mm), and the inner diameter of the last vertical run
to the quencher (288.9 mm) are closely simulated to that which
exists in the SSES plant. (schedule 40 pipe and schedule 80 pipe,
respectively). 1In addition a 24 ft. submergence, corresponding
to the highest water level in the suppression pool, was used for
all tests. )

8.lo2.2.4 Vacuum Breakers

In order to closely simulate the effects of vacuum breaker
operation on the tests, two six-inch diameter Crosby vacuum
breakers were shipped to Germany and installed in the test stand
at the same relative location as planned for the SSES plant.
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8.1.2.2.5 Quencher

A full size prototype of the quencher installed in the SSES plant
was installed in the test facility and used for all tests.

Figure 8.13 shows the quencher with instrumentation for vent
clearing tests while figure 8.14 shows the quencher with
instrumentation for the condensation tests.

8-2_TEST_FACILITY AND INSTRUMENTATION

8.2.1 Test_Facility

8.2.1.1 _Mechanical_ Set-up

The test configuration as constructed is typically illustrated
diagrammatically in Figure 8.4. The test stand confiquration can
be divided into:

-~ the steam boiler,

- the steam accumulator,

- the steam line before the SRV
and the buffer tank,

- the SRV, '

- the discharge line between the SRV
and the water pool with the quencher
as pipe termination, and

~ the large tank as water pool.

Be2a1a1a1 Steam_boiler

The steam boiler is an oil-fired, once-through, forced-flow
boiler with an output of approximately 20 #W at a maximum steam
pressure of 170 bar (2499 psig) and a maximum steam temperature
of 5202 C (968° F). The boiler is designed for a closed
operating mode in normal operation. A fraction of the boiler's
output is recovered from the condensate via the high-pressure
cooler. When there is an open loop (i.e., lost condensate), the
output is reduced. The steam flow available in this mode is
approximately 8 to 9 kg/s (17.6 to 19.8 lbm/s). The lost
condensate results in a time limitation on continuous output.
The feedwater supply of the bhoiler is about 20 m3 (705 ft3).
Once that amount is used up, further steam supply as continuous
output is possible only up to the output of the feedwater
conditioning system. That amounts to S5 m3/h (176 f£t3/h). For
longer test periods it is necessary to interrupt operation for 4
hours in order to refill the feedwater storage tank.

8-2.1.1.2 Steam_ Accumulator

As described in 8.2.1.1.1 the amounts of steam supplied
continuously by the boiler are too small to test an SRV.
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To provide a way to test valves at flow rates of up to
approximately 22 kg/s (484 1lbm/s), a valve test facility was
built using the boiler plant and a pressure vessel connected to
it. This vessel is charged with a steam/water mixture by the
boiler and is used as a steam accumulator. From this steanm
accumulator, higher steam flow rates can be delivered for a short
period of time. The dimensions of the pressure vessel are l.5 m
diameter and 12 m high, which results in an accumulator volume of
approximately 22 n3,

Adapted to the required steam output, the accumulator is filled '
vith saturated water and saturated steam at the specified ratio.

The steam is drawn downward through a standpipe. The high steanm,
flow to be extracted transiently from the accumulator results in
a rapid decrease of pressure and temperature. For strength
reasons, the temperature difference between the inside and
outside of the accumulator vessel must not exceed a certain
value. This limits the maximum pressure drop and thus the
available test tinme. .

8.2.1.1.3 Steam Line and_Buffer Tank

The connection between the steam accumulator and the valve test
stand consists of an ND 250 pipe line. This line contains
isolating devices for emergency isolation and a measurement
section constructed as a ‘Venturi nozzle. The existing equipment
provide for a direct horizontal connection of the valve being
studied. This corresponds to the design of the SRVs used in
German BWR plants and to their arrangement at the end of a tap
line coming from the main steam line.

The steam supply line was rebuilt to match the design features of
SSES. The previously described pipe line now ends in a T-piece.
In order to simulate the SSES main steam line and to keep the
steam supply flow to the valve as uniform as possible, a buffer
tank having a volume of 5.2 m3 was connected to the second
horizontal outlet of the T-piece.

The vertical outlet of the above-described T-piece leads to the
valve.

8.2.1.1.4 Safety/Relief Valve_(SRV)

The SRV used in the tests is the actual version being used for
SSES. These valves are arranged vertically, have a steam inlet
from below and an outlet to the side. As described in 8.2.1.l1l.3,
the steam supply line was rebuilt in such a way that the same
arrangement was possible in the test stand. The valve was
mounted on the T-piece, using the same connection dimensions as
in the actual plants.
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Operation of the valve during the tests requires the connection
of power supply lines, control lines and measurement lines. The
existing equipment at the valve test facility was used to satisfy
most of those requirements. Some modifications became necessary
in order to adapt to the construction of the valve. The SRVs in
German BWR plants are operated by an electrically actuated pilot
valve with its own operating medium. In contrast, the SSES valve
used in the test was opened pneumatically. Accordingly, the
compressed—-air connection was rebuilt so that the opening
conditions in the actual plant could be simulated in the test
stand.

8.2.1.1.5 Discharge_Line_and_Quencher

The SRV described in 8.2.1.1l.4 discharges on the exhaust-stean
side into a pipe which represents the SRV discharge line . - The
length of the SRV discharge line and the number of bends are
different for the 16 SRV's for SSES. Two line lengths vwere used
for the tests, corresponding to the longest and shortest lengths
of the SRV discharge lines in the plant. Isometric drawings of
the two discharge lines are shown in Figure 8.5 (long line) and
Figure 8.6 (short line).

Pipe supports and vibration dampers were mounted at the required
places. These places were not identical to the corresponding
ones in the plant, because the mounting situations and especially
the concrete construction of the plant cannot be simulated
directly in the test facility.

To prevent the buildup of a large underpressure in the pipe, two
actual vacuum breakers were installed in a vertical part of the
pipe line, as in the plant.

The quencher forms the termination of the SRV discharge line (see
Pigure 8.11). The steam is conducted into the water through a
large number of holes having a diameter of 10 mm. The design of
the quencher is described in detail in Section 4.1l.

A bottom support is provided to hold the quencher in place in the
test tank. TIt connects the quencher rigidly to the bottom of the
tank and is constructed in such a way as to make it possible to
measure the loads exerted on the quencher due to vent clearing
processes and steam condensation. The sliding joint provided
between the quencher and the discharge line in the plant is
simulated in the test stand hydraulically by a corresponding
annular gape

8.2.1.1.6 Test_ Tank

For SSES, the exhaust steam from the relief valves is conducted
into the suppression pool and is condensed there. In the test
facility, a section of that pool is simulated by a stiffened
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steel tank (see Figures 8.7, 8.8, 8.9). In the plant, the
suppression pool can be subdivided conceptually into subspaces,
each of which is associated with a steam supply line (see Figure
8.3). In order to adapt the conditions in the test tank to the
dimensions of the smallest geometrical single sell, concrete
shaped blocks were inserted into the test tank. The concrete
shaped blocks are clearly illustrated in Figure 8.7. The exposed
cross-sectional area of the water space is 7.2 m x 3.15 m = 22.7
m2, It corresponds conservatively to the smallest individual
cell in the plant.

Illuminating devices and viewing ports made possible the direct
observation and also photographic recording of the underwater
processes.

8.2.2 Instrumentation

Instrumentation is provided for controlling the test procedure,
deternmining the prescribed measurement quantities, and recording
then.

8.2.2.1 General Description

The instrumentation used in the Karlstein test facility consists
of operating instrumentation and test instrumentation. Operating
instrumentation assures the control of the test facility and its
environment correlation. The test instrumentation records the
load data which is used to verify the conservatism in the design
loads as specified for the SSES in section 4.1 of this Design
Assessment Report.

Details on the operating instrumentation are given in Section
8.2.2.3. A detailed description of the test instrumentation can
be found in Section 8.2.2.4.

8-.2.2.2 Instrumentation Identification

For identification, the measuring sensors are designated
according to a system of letters and fiqures. The first one or
two characters are letters which identify the type of instrument:

P Pressure Transducer

T Temperature Sensor (Thermocouple)
F Flow Rate Measurements

L Hater Level Measurements

DG Displacement Gage

SG Strain Gage

I Electrical Impulse Signal
LpP Level Probe
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These letters are followed by a number which characterizes the
location within the test facility where the instrument is

situated.

The sensor designation
a sequential number.

The facility was divided into sections as follows:

Section 1 contains the steam supply, including the
accunulator (only transducers of the test stand
instrumentation system

Section 2
valve and

Section 3
Section 4

Section 5

contains the
includes the

contains the
contains the

contains the

are contained in this section).

steam line up to the safety relief
buffer tank.

safety relief valve.
discharge line and quencher.

test tanke. '

is completed by adding a decimal point ﬁnd
For example, "P5.6" means:

the number 6

pressure transducer in the test tanke.

Additional abbreviations used are as follows:

DPS
CTC
DCA
CFA

HT-SG

SRV

PG

RTD

8.2.

Data Processing System
Coated Thermocouple

Direct Current Amplifier
Carrier Frequency Amplifier

High Temperature Strain Gage

Safety Relief Valve .
Pressure Gage ’
Resistor Temperature Detector

2.3 Operating Instrumentation

The operating instrumentation is provided for measurement of

parameters in relation to the steam accumulator,
the SRV'!s.
computer which is part of the operating instrumentation

The data are stored on a magnetic disk and can be

and

process
systen.

printed out.

A total of

30 sensors can be recorded by a

The recording frequency of the process computer was adapted to
align with the instrumentation channels, covering a range from

0.5 Hz, for those sensors where only small transients are to be

expected, up to about 200 Hz for the sensors where higher
frequency signals are expected (e.g. for pipe vibrations).

The operating instrumentation comprises the measuring devices
used to monitor and control the system and also the data

acquisition devices needed for that purpose.

locations for the tests are illustrated in Figure 8.4 and listed

in Table 8.1.
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According to the type of acguisition and display, the measurement
sensors can be classified into two groups: "Display on Control
Console" and "Acquisition by Computer®. .

8.2.2.3.1 Display on Control Console

To enable the operating personnel to control the test equipment,
a number of guantities which characterize the operating condition
of the system are displayed continuously.

~
.

In particular, they are:

Steam accumulator, stean line,
buffer tank, discharge line, test
tank

- Water level in

- Pressure in : Steam accumulator, buffer tank,
control line, discharge line

- Temperature in : Stean éccumulator, buffer tank,
discharge line, test tank

»

8-2.2.3.2 Acquisition_by Computer

Most of the data sensors comprising the operating instrumentation
are interrogated by a computer at prescribed time intervals
before, during and after the test. The values are stored on a
disk. ‘

The data are printed out at programmed intervals. At an
interrogaticn frequency of 200 Hz, the capacity of the storage
device is sufficient for a recording time of 2 minutes.

.

The following measurement values are interrogatéd:

Water level - | . Steam accumulator, buffer tank
‘ . discharge line, test tank

Pressure ' Steam accunulator, buffer tank,

steam line, control line, discharge line

Temperature Before SRV, after SRV, surface of SRV,
discharge line, test tank

Vibrations Steam line before SRV, discharge line

vValve travel SRV, vacuum breakers

Switching time Electriéai energization of SRV
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8.2.2.4_ Test Instrumentation

Mesurement values used to verify the test tasks are determined by
the test instrumentation. It is necessary to include here a few
typical measuring points that are already used for monitoring
purposes in the operating instrumentation on the pipes .and SRV.
Since most of these processes are of a high-frequency nature, the
data is acquired in analog form by means of carrier-frequency
measuring amplifiers and dc amplifiers on analog magnetic tape,
and to a large extent also on visicorders. The visicorder traces
allow an initial review and a pre~evaluation of the test data.

8.2.2.4.1 Measuring Points

Measurements are made of the

- pressure on the steam line before the SRV;

- valve actuation and valve travel;

- pressure variation in the discharge line at four
points between the SRV and gquencher;

- temperature in the discharge line at three points between
the SRV and quencher°

- water level in the discharge line before the
quencher inlet at four positions for the long line and five
positions for the short line;

- bending, axial aand torsional strains on the bottom support;

- bending strains on the quencher;

- bending strain on a dummy vent pipe;

- temperature distribution in the test tank;

- temperature distribution at the quencher for the
condensation test ;

~ wall pressures and bottom pressures in the
test tank.

Typical measurement points for the vent clearing tests are
illustrated in Pigures 8.7, 8.8, 8.9 and listed in Table 8.2.
Typical measurement points for the condensation tests are
illustrated in Figures 8.10, 8.11, 8.12 and listed in Table 8.3.

8.2.2.4.2 Set-up_of Measuring_Instruments

All instrumentation is channelled to one central statxon situated
in the control room of the laboratory.

Each instrumentation channel consists of the individual sensor,
connecting cable, amplifier (carrier frequency amplifier or
direct current amplifier), attenuator; and are recorded on
magnetic tapes and visicorders, most channels being in parallel
on both systems. Three magnetic tape recorders and three
visicorders wvere used in the control room. Each unit allows the
recording of 12 channels and, in addition, a time reference
signal and a physical correlation trace.
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The sensors are connected by shielded cable to the amplifiers
which are located near the recorders in the control room. For .
the strain gages, displacement gages and pressure transducers,

carrier frequency amplifiers were used which allow a frequency

resolution of up to 1 KHz. For temperature measurements, direct

current amplifiers (10 Hz) were used together with a 10 Hz. low

pass filter.

8-2.2.5__Visual_ Recording

Three high-speed cameras were used to film the processes in the
pool during the blowdown through the guencher. KWU uses a "HYCAM
120 n" for that purpose. Two LOCAM cameras (model 51-0003) were
being made available by the Standford Research Institute (SRI).

The positioning of the cameras was as follows:
HYCAM camera in front of one bull's eye at quencher height;

LOCAM camera 1 in front of one bull’s eye at a tank height of
approximately U4m;

LOCAM camera 2 on the service platform above the tank at a height
of approximately 9 m.

A correlation between the moving pictures and the data recordings
on the Visicorder and magnetic tape was accomplished by means of ‘ID
a timing mark on the films. ‘

8.3 _TEST PARAMETERS AND MATRIX

8.3.1___ Vent Clearing_Tests

The test matrix for the vent clearing tests is presented in
Figure 8.15. This figure shows the test number and parameter
conditions used for each test.

.The number of basic tests was 25. These 25 tests were split into
5 groups of tests where by each group covered a set of test
parameters. Tests numbered 26 to 32 were additional tests which
were not required to verify the quencher design but which could
prove useful in evaluating the performance of the safety relief
system. Tests number 27, 28, 30 and 31 were to investigate
shorter than normal SRV opening times, but, as valve opening
times wvere found to be quite fast, these tests were not added to
the required tests. Tests number 26 and 32, with one locked
vacuum breaker, vwere included into the test matrix. The results
shoved the effect of the locked vacuum breaker to be minimal so
test number 29 was not added.
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The allocation of each test group within the operation range of
the safety relief system is shown in Figures 8.16 to 8.21 by test -
points.

Base parameters in Group 1 (Figure 8.16) are long discharge line
length, normal discharge line air temperature, normal initial
water level inside the discharge line and normal valve opening
time. Each of the following groups vary one or more of these
Group 1 base parameters; Group 2 (Figure 8.17) uses a low initial
water level inside the SRV pipe; Group 3 (Figure B8.1l8) uses a
high discharge line temperature; Group 4 (Figure 8.19) uses a
short discharge line length and Group S5 (Figure 8.20) uses a
short discharge line length and a high discharge line
temperature.

Bach of the basic 25 tests was comprised of two or more valve
actuations where by only the first actuation is made at the
specified conditions of the discharge line (so-called clean
condition). Any other actuation was made at the prevailing
discharge line temperature and water level (so-called Real
Condition). In the case of only two actuations at a test point
the time interval between the actuations was approximately 10
minutes. In the case of multiple actuations at a test point the
time intervals between actuations were varied as follows:

For test points 4, S5, 14, 15 the time between successive
actuations was 1.5/5/15/30/60/120 seconds, accounting for seven
valve actuations. '

For test points 19 and 20 the time between successive actuations
was 1.5/5/15/30/60,120/5/15/600 seconds, accounting for ten valve
actuations.

For vent clearing tests with only two SRV actuations, the hold-
open time for the SRV was 2 seconds while for the multiple value
actuation tests the hold-open time was 1.5 seconds.

Five test points were repeated, these were test points 4, 15, 19,
20 and 25. Repeat tests at a designated test point are indicated
with a letter R in the test number i.e. Test number 20.Rl.1l is
the first value actuation of the repeat test at test point
20.1.1.

A compilation of actual parameters at the start of each test is
tabulated in Table 8.4 for the long pipe test series and Table
8.5 for the short pipe test series.

8.3.2 Condensation Teéts

In order to further verify the steam condensation capabilities of
the quencher device and provide specific information regarding
its steam condensation capabilities for the safety relief system

L
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operation range a series of eight extended blowdown tests were
performed. These tests are designated as test numbers 33 to 40.
Each test was performed with the short discharge line
configuration as described in section 8.2.1.1.5 and with an
initial discharge line temperature of approximately 90°C.

The location of the initial system conditions for each test point
is plotted on the safety relief system operation range in Pigure
8.22. .

In order to initiate each test the SRV was actuated as was done
in the vent clearing tests. The valve then remained open until
the system pressure reached the predesignated value for that
test. At this time the valve was closed and the test was
conpleted. The total allowable pressure drop in the accumulator
tank for each initial system pressure dictated the duration of
each blowdown.

A compilation of actual parameters at the start of each test
point in the condensation tests matrix is tabulated in Table 8.6.

8.4 _TEST_RESULTS

This section provides a compilation of the test results for the
vent clearing and steam condensation tests conducted at the
Kraftwerk Union laboratories in Karlstein, West Germany in order
to verify the load specification and steam condensing
characteristics of the quencher design for the Susquehanna Steam
Electric Station. 1Included in this section is information about
" the boundary conditions at the beginning of each test, the’
results of the behavior of the SRV, primary system pressures,
dynamic pressure loads on the pool boundaries and their primary
frequency and the loads on the quencher and bottom support. This
information is provided in the form of tables, figures and actual
visicorder recordings.

8.4.1 Vent Clearing Test Results

Nineteen tests with a total of 67 vent clearing processes were
performed with the long discharge line in the period from May 8,
1978 to June 7, 1978 and 13 tests with a total of 58 vent
clearing processes were performed with the short discharge line
in the period from June 27, 1978 to July 7, 1978.

8.4.1.1 Test Parameters

The most important of the parameters being investigated was
described in Section 8.3. A detailed list of test parameters for
each valve actuation is given for the long discharge line tests
in Table 8.4 and for the short discharge line tests in Table 8.5.

This includes
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- type of test . :
- length of discharge line ’

- accunulator pressure

- water temperature in the test tank

- water level in discharge line

- air temperature in discharge line

The accumulator pressure Pl.lA and the buffer tank pressure P2.6A
are the determinative values for the system pressure at the start
of each test. The values were read by computer just prior to the
start of the test. 1In addition these pressures were stored
continuously on magnetic tape. If a long period passed between
the last computer reading and the actual test start then the
initial values for the accumulator pressure were taken from the
corresponding computer plots. The initial accumulator pressures
were also read from those plots for the multiple valve actuation
tests.

For accumulator pressures below 30 bar (435 psi), measuring point
P2.5 was used to determine the system pressure, since measuring
points Pl.1lA and P2.6A were outside the measuring range.

The water temperature at the start of the test was taken either
from the computer listings or, in the multiple valve actuation
tests, from the computer plots.

Due to the inertia of the Barton cell, the measurement value for
water level in the discharge line (measuring point L4.1) in the
multiple actuation tests, especially for the 2nd, 3rd and if
applicable, the 8th actuation, must be disregarded or considered
only as an indicative value.

The temperature in the discharge line at the start of each test
was taken from the computer listings or the computer plots for
the nultiple actuation tests.

8-4.1.2__Behavior_of_ the SRV_and_System Pressures

To evaluate the valve behavior, the valve opening time, t_, was
determined from the recorded valve lift variation for all tests.
This involves the time from the beginning of valve opening until
attainment of the steadystate lift (see sketch below). These
opening times are listed, for the long discharge line tests, in
Table 8.7 and, for the short discharge line tests, in Table 8.8.
The associated steady state lifts are also indicated. A plot of
the measured valve opening times as a function of accumulator
pressure at the start of each test is shown in Figure 8.23 for
the long discharge line tests and Pigure 8.24 for the short
discharge line tests.

The so-called vent clearing times tpp are also given in Tables
8.7 and 8.8. This is the time from the beginning of valve
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openlng until the instant 'of maximum pressure at measuring point
P4.4 in the dlscharge line. (see sketch below)

é i .valve 1lift

vent clearing pressure

t3

T

pressure _
before quencher

)

e S s ot s g —

tFe

Two values are indicated in Tables 8.7 and 8.8 for systenm
pressures measured in:

- buffer tank - P2.6
-~ before the SRV - P2.5
- in the discharge line - pP4.1l to P4. 4

These two values are the pressure at the vent clearing time (vent
clearing pressure) and the pressure approximately 1.5 seconds
after the start of test (steady pressure)

The initial parameters of relevance for the classification of.
tests are indicated in the row headings.

The vent clearing pressure in the discharge line before the
quencher inlet (measuring point P4.4) is plotted versus systen
pressure (measuring point P2.6) under Clean Conditions in Figure
8.25 for the long discharge line tests and in Figure 8.26 for the
short discharge line tests. See Section 8.5.2.1 for a discussion
of the vent clearing pressures and their dependence on reactor
pressure.

-

8-.4.1.3_Dynamic Pressure_Loads on_the Pool Boundaries

As read off the Visicorder traces, the peak positive and peak
negative pressure amplitudes during vent clearing for measurlng
points P5.1-P5.3 (bottom pressures) and P5.4-P5.10 (wall
pressures) are compiled in Table 8.9 for the long discharge line
tests and in Table 8.10 for the short discharge line tests. 1In
addition, approximate values for the predominate frequency of the

pressure oscillations are indicated. These frequencies were read

from the visicorder traces.
Figures 8.27 and 8.28 show the measured peak positive pressure

amplitudes at the tank bottom directly beneath the quencher
(P5.2) and on the concrete wall at the guencher's mid-height
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(P5.10) as a function of system pressure for the long discharge
line and short discharge line tests. The test points plotted are
all Clean Condition tests with cold water in the test tank
(approximately 25° C) and discharge line cold (approximately 50°
C)a (Long discharge line tests 1.1, 2.1, 3.1, 4.1.1, 4.Rl.1l and
32.1 and short discharge line tests 16.1, 17.1, 18.1, 19.l1l.1 and
19.R1.1) .

As a comparison Figures 8.29 and 8.30 represent corresponding
mneasuring points for tests performed under Real Condition (Long
discharge line tests 1.2, 2.2, 3.2, 10.4 and 32.2 and short
discharge line tets 16.2, 17.2 and 18.2). As can be seen the
pressure amplitudes are slightly higher for the Clean Condition
tests and no significant change with system pressure is observed.

Figures 8.31 and 8.32 show the measured peak positive pressure
amplitudes at measuring points P5.2 and P5.10 for Clean Condition
tests with heated water (45°C - 80°CO in the test tank for the
long discharge line tests and short discharge line tests
respectively. (Long discharge line tests S5.1.1, 6.1, 7.1, 8.1,
9.1, 15.1.1 and 15.Rl.1l and short discharge line tests 20.1l.1,
20.R1.1, 22.1, 23.1, 24.1). Again, as a comparison, Pigures 8.33
and 8.34 represent corresponding measuring pcints for tests
performed under Real Conditions (Long discharge line tests 6.2,
7.2, 8.2, 9.2, 11l.2 and 12.2 and short discharge line tests
20.R1l.7, 22.2, 23.2 and 24.2) In contrast to the tests with cold
water in the test tank, the pressure amplitudes are slightly
higher for the Real Condition tests, but as with the cold water
tests, no significant change with system pressure is observed.

Pigures 8.35 to 8.40 show the measured peak positive pressure
amplitudes at measuring points P5.2 and P5.10 for a numbher of
multiple valve actuation tests plotted against the corresponding
valve actuation.

FPigures 8.41 to 8.65 show the first second of visicorder
pressures traces (for the pool boundary pressures, P5.1-P5.10)
from various tests.

8.4.1.4 Loads On_The Quencher and_Bottom_Support

The bending strains on the two arms of the gquencher and at the
bottom support were each measured in two mutually perpendicular
directions. The resultant bending strains and bending moments
vere calculated from these individual values. The strain-versus-
time variations stored on magnetic tape were read for the maximum
resultant during vent clearing. A high—pass filter having a
cutoff frequency of 2 Hz was inserted in order to rule out any
falsification of the evaluation due to slow drifting of the zero
point. The upper frequency limit was at 400 Hz due to the
mechanical conditions.

REV. 1, 3/79 8-317



PROPRIETARY

The maximum resultant bending strains determined in this manner
and the bending moments calculated from them are compiled in
Tables 8.1l1 and 8.12 for the long and short discharge line tests
respectively. To clarify the direction distribution of the
resulting bending moments on the quencher arms, the components of
the maximum resultant bending moments are depicted in polar
coordinates in Figures 8.66 and 8.67 for the long discharge line
tests and Flgures 8.68 and 8.69 for the short discharge line
tests.

As shown the resultant bending moments on the quencher arms occur
principally in the vertical direction. :

Figures 8.70 and 8.71 for the long and short discharge line tests

show a corresponding distribution of the maximum resultant
bending moments at the bottom support..

Tables 8.11 and 8.12 also indicate the maximum torsional strains
and torsional moments measured at the bottom support and the
maximum vertical strains and vertical forces measured at the
bottom support during vent clearing. This data is based on as
evaluation of the visicorder traces. g

8.4.2_ _Steam Condensation_ Test Results

Eight condensation tests with the short discharge line were
performed in the period from July 18, 1978 to July 21, 1978.

8.4.2.1 Test Parameters

The most important of the parameters being-investigated was
described in Section 8.3. A detailed list of test parameters is
given in Table 8.6. Compiled in that Table are the parameters at
the beginning of the tests, such as:

- type of test

— length of discharge line

- accumulator pressure

- water temperature in test tank

- water level in discharge line

- water level in test tank

- air temperature in discharge line

The accumnulator pressure Pl.lA and buffer tank pressure P2.6A are
the determinative values for the system pressure at the start of
‘each test. The values were read by computer just prior to the
start of the test. 1In addition, these pressures were stored
continuously on tape but only up to 360 seconds after the start
of tests 36.1 and 40.1l. This was dictated by the limited storage
capacity of the operating instrumentation computer's magnetic
disk. This data was continuously stored on the visicorder traces
and the test instrumentation magnetic tapes.

REV. 1, 3/79 8-38




PROPRIETARY

For accumulator pressures below 30 bar (435 psi), measuring point
P2.5 was used to determine the system pressure, since measuring
points Pl.lA and P2.6A were outside the measuring range.

The water temperature at the start of a test was taken from the
computer listings and at the end of a test from the computer

Flots.

The values for the water levels and air temperatures in the
discharge line at the start of a test were taken from the

computer listings.

Table 8.13 shows the relation between the test step, test number,
and ranges of pressure and water temperature as they actually

occurred.

8.4.2.2 Presentation of Test Results

First ve will present a survey of the observed condensation
phases. That is followed by a presentation of the dynamic
pressure amplitudes in the water region of the test tank.

Finally the temperature variations in the water region are

described.

8.4.2.2.1 _Survey.of Observed Condensation Phases

In the operation field of the quencher as given by the test
matrix, the observed condensation phases are indicated in Figure
8.71 for blowdowns along the upper and lower boundary lines of
the operation field.

B.U0.2.2.1.1 Blowdown at Low Water Temperature

For the blowdown along the lower boundary line, the following
condensation phases were observed for the tested pressure range:

Absolute system
Pressure in Bar

Condensation Phase

Tests

> 70 - 2.5 Stationary 33.2, 34.1, 35.1, and
initial section of 36.1
2.5 - 2 Intermittent Middle section of
356.1
2 -1 In the pipe (1) End section of 36.1

(1) It should be noted here that at the beginning of this phase a
portion of the steam flow has emerged through the annular gap
above the quencher inlet. As noted in Section 8.2.1l.1.5,

REV. 1, 3/79

8-39




PROPRIETARY

this annular gap simulates hydraulically the sliding fit of
the quencher installed at SSES. 0

Figure 8.73 shows a typical example of the measurement traces
obtained with the bottom and wall pressure sensors for stationary
operation of the quencher in the upper pressure range (test

33.2) . Figure 8.74 shows a typical example of the lower pressure’
range (test 35.1).  High-frequency pressure oscillations occur
with very low amplitude, and without any fixed frequency.

To illustrate the intermittent operation, the variation of the
bottom and wall pressures and two pipe pressures throughout the
entire duration of test 36.1 is shown in an extremely time-
compressed form in Figure 8.75. The intermittent condensation
phase is clearly recognizable in the middle section of the test.
Figure 8.76 shows a more time-expanded excerpt from that phase.
Supplementarily, Figure 8.77 shows a typical powerful individual
event in an extremely time-expanded form. The high—-frequency
pressure peaks superimposed on the low-frequency sinusoidal
pressure pulsations are clearly discernible in both Figures 8.75
and 8.76.

For the phase of condensation_in_the_ pipe, the test traces

exhibit negligibly low amplitudes, which are close to the

resolution limit of the measuring chain. Therefore, no example

of such a trace is shown. : Q

8.4.2.2.1.2_ _Blowdown_at High Water Temperature

For blowdown along the upper -boundary line, the phases described
in 8.4.2.2.1.1 were observed in practically the same pressure
ranges. However, the appearance of the pressure oscillations
differs to some extent from that of the pressure oscillations at
low vater temperature. .

First, here is the observed relation between pressure range and
condensation phase:

Absolute systenm Condensation phase Tests

Pressure in Bar

>70 - u' Stationary ' 37.2' 38. l' 39.1'
and initial section
of 40.1

4 - 2 Intermittent Middle section of
40.1

2-1 In the pipe(1) End section of 40.1
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{1) It should be noted here that at the beginning of this phase a
portion of the steam flow has emerged through the annular gap
above the quencher inlet. As noted in Section 8.2.1.1.5,
this annular gap simulates hydraulically the sliding fit of
the quencher installed at SSES.

Por stationary operation in the upper range of pressure, Figure
8.78 shows a typical example for test 37.2. The lower range of
pressure for this phase is represented by an example from test
39.1 (Figure 8.79). There are also higher-frequency pressure
oscillations with low and very low amplitude, respectively, and
without any fixed frequency.

A typical example of intermittent operation is shown in Figure
8.80 by an excerpt from test 40.1. Compared to this phase at low
water temperature (see especially Figure 8.76), a distinct
attenuation of the strength of the pressure pulsations is
observable at high water temperature. Superimposed high-
frequency pressure peaks do not occur.

For the phase of condensation_in_the_pipe, the.test traces
exhibit negligibly low amplitudes even at extremely high water

temperature of more than 90°C.

8.4.2.2.2 Statistical Evaluation_of the Dynamic Pressure
Loads_on_the Pool Boundaries

As described in Section 8.4.2.2.1, the steam condensation does
not have any uniform form throughout the entire range of system
pressure and water temperature.

To now be able to guantify the distribution of dynamic pressure
amplitudes during a blowdown from 70 bar to approximately 1l bar,
the recordings from a representative bottom pressure sensor and
wall pressure sensor for all the tests were statistically
evaluated. This also allowed us to investigate the influence of
system pressure and water temperature on the dynamic pressure
amplitudes. ’

8.4.2.2.2.1__Dependence of Dynamic_Bottom_and Wall Pressures_on
System Pressure_and_ Water Temperature

The pressure-time histories stored on magnetic tape for pressure
sensors P5.2 (bottom rressure) and P5.10 (wall pressure) vere
each read for maximum value at uniform time intervals. A high-
pass filter with a frequency cutoff of 2 Hz and a low-pass filter
with a frequency cutoff of 500 Hz were inserted into the circuit.
In this manner, a falsification of the evaluation due to slow
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drifting of the zero point or due to electrical interference was
largely excludede.

For tests 33.2, 34.1, 35.1, 37.2, 38.1 and 39.1,-a uniform
interval of 1 second was chosen because of the relatively short
test duration of a maximum of 64 seconds in test 39.1. In tests
36.1 and 40.1 with test durations of over 800 seconds, the
uniform interval was 4 seconds. In these two tests, the phases
of statlonary and intermittent condensation and condensation in
the pipe were covered separately at the same time. NoO error was
introduced into the evaluation by the different choice of
intervals, since the maximum values were covered in each case.

The extreme values determined for the positive and negative
dynamic pressure amplitudes at the hottom and on the wall are
plotted versus the' transient variation of the system pressure in
Figures 8.81 and 8.82. Due to the large number of extreme
values, a selection was made with the aim of considering only the
higher values.

The top half of the Figure shows the measured maximum pressure
amplitudes for the blowdown at higher and high water temperature
along the upper boundary line of the operation field. The bottom
half shows them for the blowdown at low vater temperature along
the lover boundary line.

A similar illustration for the measured maximum wall pressure
amplltudes is given in Fxgure 8.82.

The peak bottom-pressure and wall- pressure loads measured during
the individual condensation phases are indicated as a function of
vater temperature in Table 8.1l4. Prom these-peak values, we can
ascertain a slight decrease of the pressure level with a hot pool
for the stationary and intermittent condensation phases. For the
phase of condensation in the pipe, of course, there are
practically no differences in the pressure levels for cold and
hot pool.

s-u.g-z;z.z Occurrence Fregquency_Distributions of the Dynamic
Bottom and_ Wall Pressures

In parallel with the determination of extreme values as described
in Section 8.4.2.2.2.1, all positive and negative peak values
between the zero passages of the pressure-vs.—time variations
vere determined.in each time interval and classified according to
magnitude.

This counting method, known as "peak count between zero passages"
or "mean crossing peak count method", avoids the inclusion anad
consequential overassessment of small intermediate oscillations.
Only the absolute maxima between two zero passages are included
in the count.
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The count result supplies the class occurrence frequency
distribution at once. Positive and negative peak values were
treated separately. Any error in the count results by the noise
level on the magnetic tapes was largely eliminated by means of a
. prescribed amplitude suppression of 10 mV = 0.015 bar.

A uniform class interval of 0.025 bar was chosen for the
histograms. In that way, the histograms of the individual tests
were able to be combined into an overall distribution for
blowdowns with cold and hot pool. The histograms of the positive
and negative amplitudes of the dynamic bottom pressures at
measuring point P5.2 are illustrated in Figures 8.83 and 8.84 for
blowdowns with cold and hot water, respectively. Analogous
historgrams for the wall pressures at measuring point P 5.10 are
shown in Figures 8.85 and 8.86. '

B.4.2.2.2.3 _Statistical Characteristics of_the Dynamic Bottom
and_Rall Pressures

Influences of test parameters can be read off from the
statistically determined mean values, since those values are
obviously much more typical than the magnitudes of individual and
very rare maximum values. The mean values were determined by the
group value method, using the following equation:

ko
In, . P
Pq i=1
K
In
11 1
vhere Eb = mean value; P; = class mean value; n = class

frequency.

The group value method was also used for the combining of the
individual histograms of a blowdown to get the mutual fregeuncy
distributions. Those mean values are indicated in Figures 8.83
to 8.86. '

In general, the trends are supported by the maximum values. The
unavoidable scatter of the maximum values is allowed for by
forming the average value of the 10 highest amplitudes in each
test. Due to the small number, they were determined by the
single-value method:

N

where
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P g = mean value; P;= single extreme value; N = number of
extreme values

Tables 8.15 and 8.16 provide an overview of the abovementioned
. most important- statistical characteristics of the pressure-tinme
histories at the bottom and at the wall, respectively for tests
33.2 to 40.1. 1Indicated are:

- maximum value relative to the entire test,
~ mean value relative to the entire test,
lower limit value of the 10 highest values,
< mean value of the 10 highest values.

Beside the data concerning the system pressures and water
temperatures, the condensation phases are also listed. In tests
36.1 and 40.1, the phases of stationary and intermittent
condensation and condensation in the pipe were treated
separately. :

Pigures 8.87 and 8.88 showvw plots of the mean values relative to
the entire test or test section and the mean values of the 10
highest values, as functions of system pressure.

The mean values of the bottom and wall pressures are slightly
higher for the blowdown with a cold pool. This trend, already
alluded to in Section 8.4.2.2.2.1 on the basis of the absolute
extreme values, is therefore verified statistically. . The level
of the mean values from the 10 highest values is higher by a
-factor of approximately 3-4 than the level of the mean values
relative to the entire test or test section.

8.4.2.2.3 _Temperature Variations_in_the_ FRater Region of the_ Test
Tank '

Four tests were selected to illustrate the temperature variations
in the water region of the test tank:

- test 33.2 for high system pressure and cold pool,
~ test 35.1 for low system pressure and cold pool,
~ test 37.2 for high system ‘pressure and hot pool,
- test 39.1 for low system pressure and hot pool.

FPigures 8.89 to 8.92 show the vertical temperature distribution
obtained from the measuring points T 5.5, T 5.2, T 5.3 and T 5.4
arranged above one another on the concrete wall. In each case,
the measured temperatures are scattered about a mean curve. The
scatter is greatest for measuring point T 5.2 (approximate max.
+89 C). That measuring point is at the height of the quencher
arm and is impinged upon directly by the sidewvards directed flow
impulse. The scatter is least for measuring point T 5.4
(approximate max. %£5° C). The scatter can be explained by the
high degree of turbulence in the pool.
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Figures 8.93 to 8.96 show the temperature variations at quencher
arm 1 for the same tests. At measuring point T 5.8 located in
the middle of the hole array (see figure 8.14) a distinct
temperature increase of approximately 15-20°C, on the average,
was recorded relative to the pool temperature. In contrast, the
temperatures at the upper edge of the hole array (T5.9) and at
the upper edge of the quencher arm (T5.10) are somewhat lower
than the pool temperature at T5.1 due to a sufficient "cold water
supply". This is an indication of the good circulation of water
near the quencher. This confirmed the expected condensation
behavior of the quencher as related to the layout of the hole
array. (See Section 4.1.l.l).

8.4.2.2.4 Hater Level in the Discharge_Line_When_ Opening and
After_ Closing_the_ SRV

In the tests with the long discharge line, the water level in the
pipe was measured by the "Level Probes" LP 4.1 thru LP 4.4 at
four positions, one above another.

In the tests with the short discharge line, this instrumentaiton
was extended by the measuring point LP 4.5 above the measuring
point LP 4.4; see Figure 8.8. The measurement signals from these
Level Probes were recorded on visicorders and magnetic tape.

A Barton cell, measuring point L 4.1 in Figure 8.4, was used to
set and measure the water level in the discharge line before test
start. The reading of that measuring point was interrogated by
the computer before and during the test and was stored.

The indications of the Level Probes and also the indications of
the Barton cell were used to depict the time variation of the
water level in the discharge line. It must be taken into
consideration that the response speed of the Barton cell is too
slow for the rapid changes of the water level during vent
clearing and after the closing of the SRV. The measuring point
was used essentially to determine the steady-state water levels
in the discharge 1line.

Figures 8.101 and 8.102 show two typical examples of the
variation of the water level in the pipe for the interval test
15.1 with the long discharge line and 20.1 with the short
discharge line. It was found that in two instances in interval
test 15.1 (Pigure 8.101), the water column briefly exceeded the
external water level, but fell back immediately. These two test
points represent the maximum water column rise measured in the
vent clearing tests.

In the interval test 20.1, the water column did pot reach the
level of the external water surface in any instance after closing
of the SRV. The maximum water level rise was generally found, in
all tests, to occur after the third valve actuation.
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To evaluate the effect of vacuum breaker operation on the water
column reflood following vent clearing; Test 32, with one locked
vacuum breaker and a time interval of 3 seconds between the
closing of the valve after the first actuation and the next
actuation, was included. Figure 8-105 shows the variation of the
novement of the water column in Test 32. As can be seen no
adverse effects were recorded.

8.4.3 Checking_and Calibration_of the_HMeasuring
Instrumentation .

The calibration and the electrical and physical checking of all
sensors before, during and after the tests were performed in
accordance with the Test and Callbratlon Spe01f1cat10ns.

Fig. 8.97 shows diagrammatically the physical calibration of the
sensors, the setting and calibration of the amplifiers and
recording instruments, and the quality inspection of the sensors.
Pig. 8.98 shows the time intervals stiplated for the checks and
calibrations in the Test and Calibration Specifications. Fig.
8.99 clarifies the chain of the calibration system from the
national standards of the Physikalisch-Technische Bundesanstalt
(PTB) to the measuring instruments.

The pressure sensors P 5.1 thru P 5.10 used in the tests were
fully operable until the end of the tests. The lowest insulation
resistance of 1.2 x 107 Q@ measured at P 5.1 after the tests can
be classified as '""good". The pipe pressure sensor P 4.1 failed
on 31 #May 1978. It was replaced by a new sensor-for the
subsequent tests. With this new sensor P 4.1, the lowvest
insulation resistance for the group of pipe pressure sensors
after the tests was 3 x 1082 , which wvas very good.

There were no failures for the strain gauges SG 4.1 thru SG 4.8,
SG 5.1 and SG 5.2. Here also, a very good insulation resistance
level was recorded with a lowest value of 3 x 1084 at SG 4.6
after .the tests.

Likewise, none of the temperature measuring pionts T 5.1 thru T
5.10 failed. The lowest insulation resistance of 1.3 x 106 o was
sufficiently high.

8.0.4 Analysis of Measurement Errors

Based on information from the manufacturers of the measuring
instruments, KWU's own investigations, and taking into
consideration the experience accumulated in similar test
projects, the maximum_measurement_errors for the individual
sensors can be indicated as follows:
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Pressure_sensors_P_5.1_thru P 5.10

Linearity error of the sensor Error_

2.5% of measured value in range of 0 to 2 bar 2.5%

Reproduction error of the sensor

0.2% of S5 bar 0.01 bar

Error of the measuring amplifier 0.5%

Error of the balancing unit and rgcorder 0.5% '

Max. total error £ [0.01 bar + 3.5% of the measurement value]

Pressure sensors_P 4.1 thru P 4.5 ggggg

Linearity error of the sensor
0.5% of measured value in range of 0 to 20 bar 0.5%

Reproduction error of the sensor

0.1% of 35 bar 0.035 bar
Error of the balancing unit and recorder 0.5%

Max. total error + [0.035 bar + 1.5% of the measurement value]

Pressure_sensors_P_2.3 and P_2.5 Error

Linearity error of the sensor

1% of measured value in range of 0 to 40 bar 13
Reproduction error of the sensor

0.1% of 140 bar. 0.1l4 bar
Error of the measuring amplifier 0.5%
Error of the balancing unit and recorder 0.5%

Max. total error % [0.1l4 bar + 2% of the measurement value]

Strain _gauges_SG_U4.)1 thru SG 4.8, SG_S.1, Error
and_SG_5.2

Tolerance of the guage factor 3%
Influence of temperature on the guage factor 1%

Error of the measuring amplifier 0.5%
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Error of the measuring amplifier 0.5%
Error of the balancing unit an recorder 0.5% ‘

. Max. total error + 5% of the measurement value

Temperature_measuring_points T 5.1 thru T 5.10

Erxrror of the sensor 1°C
Error of the measuring amplifier 0.5%
Error of the balancing unit and recorder 0.5%

Max. total error. + [1°C + 1% of the measurement value]

After the first tests on May 10, 1978 and after conclusion of the
tests on August 2, 1978, additional physical checks of the
pressure sensors in the water region were performed by
incremental lowering of the vater level in the test tank. The
nax. deviations from the nominal value were approximately +0.01
and -0.02 bar. Fig. 8.100 illustrates a frequency distribution
of these deviations combined from both checks and for all presure
sensors. It shows a typical Gaussian distribution.

In order to record the high-frequency processes correctly in '
frequency and amplitude, the data was acquired in analog form on 0
magnetic tape. For a sensor eigenfrequency of approximately 30

kHz, the dynamic range was limited not by the sensors but rather

by the carrier-frequency measuring amplifiers located further on

in the circuit. The frequency cutoff of the measuring amplifiers

vas at 1.5 kHz and that of the magnetic tape recorders was at 2.5

kHz. The frequency cutoffs of the visicorders were determined by

the utilized galvanometers. These frequency cutoffs are

approximately 1 kHz. The frequency response of each 1nd1v1dual
galvanometer was ‘checked prior to the tests.

8.4.5 Repetition Tests_and Reproducibility of the Results

To verify the reproducibility of the measurement results, a
repetition of 5 tests was specified in the Test Matrix. Based on
a prellmlnary assessment of the results after conclusion of the
test series with the long and short discharge lines, the
following tests were repeated (as nmentioned previously):

Long lines

4.1 through 4.R1 g Interval tests
15.1 through 15.R1 Interval tests

Short line:
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19.1 through 19.R2 Interval tests
20.1 through 20.R1l Interval tests
25.1 through 25.R2 , ‘ Single Actuation tests

In addition to the relevant initial conditions, Table 8.17 also
gives the measured

- vent clearing pressure (measuring point P 4.4),

- max. dyn. bottom pressures {measuring point P 5.2),

- max. dyn. wall pressures {(measuring point P 5.10) and
- frequencies of the pressure oscillations

for the first SRV actuation in each of the repetition tests
("Clean Conditions tests").

A comparison of the gbove-cited values for the repetition tests
associated with each other demonstrates the good reproducibility
under Clean Conditions. The maximum deviations from the mean
value for each pair of repetition tests are (see Table 8.18):
- for the vent clearing pressure +0.75 bar or 6%
- for the bottom and wall pressureé +0.05 bar or +7%
— for the frequency of the

pressure oscillations +0.5 Hz or *7%

The mean deviations from the mean value of each pair of
repetition tests, averaged for all 5 pairs of tests, are:

- for the vent clearing pressure +0.37 bar or 3%
- for the bottom and wall pressures +0.02 bar or *6%
- for the frequency of the press

oscillations $0.2 Hz Or +5%

Figures 8.37 and 8.38 illustrates the max. dynamic pressures in
the pool during the vent clearing for the multiple valve
actuation repetition tests with the long line. Figures 8.39 and
8.40 shows the same thing for the multiple actuation repetition
tests with the short line. 1In comparison with the first SRV
actuations under Clean Conditions, some larger deviations are
exhibited here in the tests under Real Conditions (2nd to 7th and
10th SRV actuations). The reason for these deviations is that
the initial conditions differ significantly from each other.

The visicorder traces for each "clean condition" actuation at a
repetition test point is provided:

Tests 4.l1l.1 and 4.R1l.1 - Figures 8-41 and 8-42
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4

Tests 15.1.1 and 15.Rl.1l - Pigures 8-46 and 8-47
Tests 19.1.1 and 19.R2.1 - Figures 8-48 and 8-49
Tests 20.1.1 and 20.Rl.1 - Figures 8-59 and 8-60
Tests 25.1 and 25.R2 "= Figures 8-64 and 8-65

A visual comparison of the traces from each repitition test also
shows good reproducibility. .

Accordingly, it can be said that:

- If the initial conditions of the tests are set in a
controlled manner (Clean Conditions), then the test results
are reproducible.

- If the initial conditions correspond to the randomly
prevailing operating states (Real Conditions), then the
measurement values lie in a larger scatter range.

8.5 _DATA_ANALYSIS AND_VERIFICATICN_OF_LOAD SPECIFICATION

8.5.1 _Evaluation of Test Tank Effects_on_Boundary
Pressure Measurements

In this Section, we present theoretical and experimental
investigations which show that the Karlstein test tank represents
a good simulation of the hydraulic conditions of the SSES
suppression pool. HWe are concerned primarily with the effects
exerted on the processes in the water by the existing boundary
surfaces such as the water surface, tank bottom, movable or
immovable tank walls. The results of the investigation
facilitate the evaluation and transposition cf the boundary loads
measured in the tests to SSES.

8.5.1.1__Effects of Free Hater Surface and Rigid Walls

The effects of the free water surface and the rigid walls of the
“tank on the fluid pressure will be explained first by means of
the examples illustrated in Figure 8-104. The top half of the
Figure shows the velocity potential and flow field of a spherical
bubble subjected to overpressure or underpressure in an
infinitely extended, incompressible fluid. The potential field
is described by a simple 1/r law (Reference 35). If, for
example, the same bubble is located in a cylindrical rigid tank
which is partially filled with fluid, then the potential field
and flow field have a v1sxbly different appearance (Figure 8-104,
bottom). The differences in the nonstationary fluid pressure,
wvhich is proportional to the velocity potential for sufficiently
low flow velocity (pressure field = potential field; see
Reference 4 for example), are clearly evident in the pressure
profiles on the right side of the Figure 8-104. The free water
surface constrains the pressure to zero, while the cylindrical
wall causes an increaseingly more powerful pressure rise with
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~increasing depth. The narrower the tank, the greater is the
pressure rise. The calculations relating to Figure 8-104 were
performed by the finite—-elements method (Reference 34) for a tank
diameter of 3 m and a water depth of 6 m. The bubble was 2.8 m
deep and 0.8 m in diameter.

Besides the pressure field, there is also an effect on the water
mass which is effectively entrained by the bubble during
pulsation motions (pressure oscillations) and thus also the
oscillation frequency. In the case shown in Figure 8-104, the
bubble in the tank has a larger coupled mass than in the
infinitely extended medium. This is manifested by the fact that
the pulsation frequency of the bubble is correspondingly lower
(see Section 8.5.3.2).

8.5.1.2 Method of Images

The method of images is an important aid which makes it possible
to clearly understand the hydraulic actions of the water surface
and rigid walls and to calculate them quantitatively in a simple
vay (Reference 35). It is based on the fact that the influence
of a plane rigid wall on the flow field of a hydrodynamic point
source can be represented by a superposition of the flow field
without the wall (infinitely extended fluid) and the flow field
of an image source of identical sign and identical strength
located behind the wall {Fig. 8-105). The same holds for a plane
free water surface, except that the image source has the opposite
sign.

Using this method of images, the flo} field of a point source in
a rectangular vessel is obtained finally by repeated application
of suitable imaging operations (Figure 8-105d and Figure 8-2).

The immediate significance of the method of images lies in the
fact that a pulsating bubble can be conceived of as a
hydrodynamic source, thus providing a simple method to calculate
the pressure field. Of special importance for the performance of
tests is the consequence derived by inversion of the method of
images: A confiquration of bubbles oscillating in parallel can
be simplified in a test by surrounding one bubble with rigid
valls. This will be clarified further in the following.

8.5.1.3 The Test Stand as a Single Cell

Based on the above discussion, an oscillating bubble in a
rectangular vessel is equivalent to a plane field of
simultaneously oscillating bubbles (Figure 8-2). From Figure 8-2
it follows further that vessels with several bubbles are also
equivalent, since between each pair of bubbles the imaging wall
section can also be omitted.
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Application of the method of images to the transposition of a
system of valves blowing down simultaneously in a plant to a test
stand with a quencher leads to the cell division illustrated in
Figure 8-3.

As discussed in section 8.1, the water space of the test stand
was formed according to the interior single cells C, F, K and N
(Figures 8-3 and 8-108), since they are the narrowest and will
therefore exhibit the highest wall and bottom pressures. That
can be seen by observing that, according to the imaging
principle, they conservatively simulate more quenchers lying
closer together than is actually the case in the SSES suppression
pool. .

8.5.1.4 Spatial Distributions of Pressure in the Test Tank

To get meaningful test results, pressure sensors have to be
mounted at suitable points in the test tank. A series of
theoretical investigations was performed in order to better
assess their arrangement. They consisted of calculating the
spatial distribution of pressure along the tank walls for various
bubble configurations under water. The KWU computer code VELPOT
was used for this investigation. A bubble was simulated by a
point source normalized to unit source strength.

The results are illustrated in Figures 8-107 to 8-~109. Figure 8-
107 shows the calculated wall pressure distribution for a bubble
in three different positions near the quencher:

Case 1 Source on the tank axis, 0.7 m above the quencher axis
Case 2 Source on the tank axis, at quencher elevation
Case 3 Source at center of the guencher (eccentric).

The results show that the eccentric arrangement of the quencher
which became necessary because of space limitations in the tank,
including the corresponding positioning of the pressure sensors
(black squares in Pigure 8-107), results, theoretically, in
slightly higher measurement values for the pressures. The next
calculation (case 4, Figure 8-108) serves to answer the question
as to how the bubble's form influences the pressure distribution.
To do that, the single source from case 3, figure 8-107, was
replaced by four identical sources with the same total source
strength. Pigures 8-108 and 8-109 show that there are no major
differences. Note also the good agreement seen between the
measured pressures from shakedown test 08.1 and the calculated
values in Figure 8.109.

The model cases 3 and 4 (single bubble at center of gquencher and
4-bubble arrangement) are best adapted to the test stand
geometry. Since the associated pressure distributions hardly
differ at all (Figure 8-109), it is demonstrated that an exact
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knowledge of the air distrihution under water is not necessary
for a correct arrangement of the pressure sensors. .

In order to demonstrate the conservative nature of the chosen
single cell, as already explained in Section 8.5.1.3, the
pressure distribution for model case 4 is compared to the
distribution calculated for the Susquehanna plant in Figure 8-
110. The pressure distribution in the test stand envelops the
pressure distribution in the SSES. Furthermore, the pressure
distribution in the test stand is enveloped by the specified
distribution (Figure 8-11l1).

8.5.1.5_ _Investiqgation of the_ Influence of Movable Walls on_the
Measurement Results (Fluid-Structure Interaction)

8.5.1-5.1__General Remarks

In the preceding discussion, it was assumed that the single cell
has rigid and immovable walls. The construction of the Karlstein

-test tank is such that the tank, despite a series of stiffening

ribs (see Pigures 8-10 to 8-12), still has a residual compliance.
The time-varying loads acting during the blowdown of the quencher
can therefore excite the tank into oscillation due to Fluld-
Structure Interaction (FSI).

Using experimental and theoretical investigations, it will be
shown that influences of tank oscillations on the measured
boundary loads can be neglected. The experimental investigations
consisted, firstly, of measuring the tank?'s response to a short
pressure impulse which was produced by an exglosive charge
detonated near the guencher (Section 8.5.1.5.2). Measurements
made during the start-up tests on the test stand then supplied
the tank?'s response to the loads occurring during vent clearing
(Section 8.5.1.5.3). Taking into consideration the inpulse
response, it turns out that effects of tank oscillations at the
eigenfrequencies are negligible. This statement is later
confirmed by calculations and also is extended to forced
oscillations.

8.5.1.5.2_ _Experimental Investigation of the_Tank's Natural
Oscillations

The experimental investigation of the tank's natural oscillations
vas performed with impulsive excitation by an explosive charge in
the water and simultaneous measurement of the displacements of
the wall and bottom sections and of the fluid pressure.

The arrangement of the charge and sensors in the tank is
illustrated in Figure 8-112. The position of the charge was
chosen such that the spatial load profile in the tank matches the
profile of the blowdown loads as well as possible. The charge
itself was a stoichiometric mixture of hydrogen and oxygen which



PROPRIETARY

vas ignited in a plasfically deformable flat container (Figure 8- '

113). Eight displacement transducers (WA 1 to WA 8) were
available for the displacement measurements. They were
positioned with the aim of obtaining the most useful information.
The arrangement of the pressure measuring points in the water
(P5.1 to P5.10, Figures 8-10 to 8-12) was the same as in the
later blowdown tests. As for the evaluation of the pressure
traces in Section 8.5.3, transducer P5.10 vas chosen as reference
pressure transducer.

The charge was located at different positions near the quencher
as shown in figure 8-112, in order to obtain enveloping load
profiles. A typical result is illustrated in Figure 8-114, which
shows the recordings from displacement transducers WAL to WA8 and
pressure transducer P5.10 for test no. 2 (charge in position 2).

The lowest occurring frequencies are below 1 Hz, but have nothing
to do with the tank's response, but rather represents a shift of
the zero point. The lowest eigenfrequency of the tank is at
approximately 13 Hz and is seen clearly in the response from
transducers WA2 and WA3 oscillating in phase. Both gages are
seated on the box-shaped stiffening rings as shown in figure 8-
112. At the wall sections between the stiffeners (WAY4 and WAS6)
and at the bottom (WA8), the frequencies that occur are mainly
hetween 30 and 60 Hz. The oscillations of the flat lower
stiffener rings (WAl and WA5) are less pronounced. The smallest
displacements are found at the concrete sections (WA7) , where
some of the amplitudes are smaller by an order of magnitude. The
- pressure signal from P5.10 shows distinct excursions only during
the first 100 ms.

To be able to better evaluate the tank's frequency response, the
measured time variaticns were Fourier analyzed and power spectra
were formed. The spectra associated with the displacement
transducers on the steel wall (WA2), concrete wall (WA7) and
bottom (WA8) and the pressure transducer P5.10 are shown in
Figures 8-115 to 8-118. It turns out that the previously
mentioned 13 Hz oscillation in the low-frequency range is of
greatest importance. The associated tank deformation (eigenmode)
can be derived from the point correlations shown in Figure 8-119.
There, the displacements of the displacement transducers WA2, HA3
and WA7, filtered by a bandpass filter at 13 Hz, are plotted
against each other at the same times.

The fit line through the set of points has a positive slope in
the top graph and a negative slope in the bottom graph.
Therefore, displacement transducer WA3 (steel wall above WA2; see
Figure 8-106) oscillates in phase with WA2, while displacement
transducer WA7 (concrete wall) oscillates out of phase. This
means that the 13 Hz oscillation corresponds to an ovalizing
motion of the wall (see Figure 8-120).
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8.5.1.5.3__Experimental Investigation of_ the_ Tank's Response_to
Vent Clearing_Loads

The investigations of the tank's response to vent clearing loads
were performed during the test stand shakedown tests. To measure
the tank's response, the choice was made to use one displacement
transducer each on the steel wall (WA2), on the concrete wall
(WA7) and on the bottom (WA8). The instrumentation is shown in
Figure 8-121.

Test 08.1 represents a typical example of the shakedown tests
that were run. The measured time histories of the wall and
bottom displacements and of the reference pressure P5.10 are
shown in Figure 8-122. The zero—point drift mentioned above was
e€liminated by using a 2 Hz high-pass filter. It can be seen that
both the pressure and the displacements oscillate at the same
principal fregquency of 5.1 Hz. The steel wall (WA2) and bottom
(VA8) move in phase. The very small movement of the concrete
wall (WA7)is almost out of phase compared to the pressure P5.10.

In addition, the displacement transducer WA8 records a higher-
frequency oscillation at 30 Hz. It has already begun weakly at
test start, then develops strongly at about the time of the vent
clearing, and then decays again about 300 ms later.

The physical interpretation of the 5 Hz oscillation is obvious.
The pressure oscillation is caused by the pulsation of the air
bubble which is created during vent clearing. At the same tinme,
the tank carries out forced oscillations at the frequency of the
forcing force (5 Hz pulsation of the air bubble). The sometimes
phase-opposed nature of the displacements of the steel wall and
bottom, on the one hand, and the concrete wall, on the other
hand, makes it evident that the above-discussed ovalizing
eigenmode plays a dominant role.

The origin of the rapidly decaying 30 Hz oscillation' seen at HA-8
at the test start is attributed to local forces transmitted
through the discharge line and the quencher support during vent
clearing.

'Figures 8-123 to 8-125 show the power spectral densities of the
displacement time histories for gages WA2, WA7 and WA8 measured
during shakedown test 08.1l. Pigure 8-126 shows the povwer
spectral density of the pressure time history for P5.10 measured
during shakedown test 08.1l. A review of these figures shows very
little influence from the 13 Hz tank eigenfrequency or from the
30 Hz local effect seen at WA8. Figure 8-126 showing the rsults
from P5.10 shows practically no influence from either of these
effects. ’
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From this it can be concluded that for all practical purposes the ”
Karlstein test tank is rigid and has no influence on the pool
boundary pressure measurements made during the tests.

8.5.1.5.4 Theoretical Investiqations .and Model Calculations of
the Influence of Fluid-Structure Interaction

8.5.1.5.4.1 Computation Models

The analysis described below to compute the FSI on the measured
pressures in the Karlstein test tank was performed by using the
KWU computer code KOVIB1lA which was developed originally and used
successfully for the analysis of fluid-structure interaction in
the water pool of KWU's 69 Product Line BWR Plant..

The underlying- theory follows from a uniform formulation of the
nechanical processes based on potential theory and classical
Lagrangean dynamics. It unifies the dynamics of the bubble and
the FSI by using the results of modal analyses. In particular,
the feedback effects between bubble and structure via the fluid
are included. :

8.52-1.5.4.2__Hodel Parameters and_Input for Calculations Without
FSI_(rigid_tank) ’

The model parameters and input quantities for calculations of the
air bubble oscillations in the rigid tank are:

air mass flow-into the bubble, ,
water temperature (= air temperature in

stationary equilibrium),
hydrostatic pressure at bubble position,
hydrodynamic mass parameter of the bubble,
spatial pressure distribution,
initial values (bubble radius, etc.).

The total air mass (integrated air mass flow), water temperature
and static pressure at the bubble position are obtained from the
test data. The-hydrodynamic mass constant of the bubble and the
spatial pressure distribution are obtained from the corresponding
potential calculations (Figure 8-107, case 1). The time
variation of the air supply into the bubble was adjusted
heuristically by means of systematic trial and error, in parallel
with the initial values, in such a way that the calculated and
measured time variations of the pressure at transducer P5.10
exhibited optimal agreement.

The start-up test 08.1 was used as reference test for these
calculations. The air mass flow determined in this manner is
illustrated in Figure 8-127.
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8.5.1.5.4.3 Model Parameters and_ Input for Calculations with_ FPFSI

Just as for the determination of the air supply into the water
pool, a semiempirical method is used for the structural dynamics
data. They are determined on the basis of the eigenfrequency
measurements described previously. Input data for the
calculation are:

eigenfrequency,

nodal mass,

nodal weight,

dynanic pressure distribution.
Based on the impulse response of the tank (Figures 8-115 to 8-
117), it is plausible to select the oscillation mode lying at 13
Hz. That fixes the frequency. The modal mass cannot be taken
directly from the experiment, but rather can be determined
indirectly via the measured unit displacements of the wall. The
unit wall displacement is illustrated in Figure 8-128. It is
obtained from displacements at the displacement transducers by
bandpass filtering at 13 Hz and plotting simultaneous values of
displacement which are normalized to 1 at the water surface. The
displacement direction is defined as positive if the relevant
wall section moves inward. The hydrodynamic component of the
modal mass . (coupled water mass) is then calculated by methods of
potential theory.

The modal weight, which is equal to the integral load relative to
the modal mass and averaged over the unit displacement, is based
on the load distribution calculated for case 1 (Figure 8-107,
centered bubble). The dynamic pressure distribution (see Figure
8-129) is obtained from the unit displacement, by means of
potential calculations.

8-.5.1.5.4.4 Results of the FSI calculations

The results of the calculations concerning the influence of FSI

are shown in Pigures 8-130 and 8-131. Fiqure 8-130 shows the .
calculated time variation of the pressure at pressure transducer

P5.10, first in the rigid tank (without FSI) and then in the

elastic tank with the 13 Hz eigenfrequency. There is a very

slight reduction in the pressure amplitudes, but it is certainly
negligible in comparison to the scatter of the measurement values
themselves. ‘

As is evident from Figure 8-131, the frequency influence of FSI
also can be neglected. In that Figure, the oscillation frequency
of the bubble is plotted against the bubble volume. The bubble
has a slightly lower frequency with FSI effects included than
without.
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A physically clear explanation of the very slight FSI effects
found in the Karlstein Test Tank can be obtained by comparing the
volumes of fluid which are moved by the oscillating wall and

" bottom and by the pulsating bubble . For a bubble volume (long
line) of 2.2 m3 and pressure fluctuations of +0.4 bar (see Figure
8-126), the volume change of the bubble is approximately 1 n3
isentropically.

In contrast to this, for displacements like those found in
Figures 8-124 and 8-125 the walls and bottom use up only about
0.05 m3, which is only 5% of the water volume coning from the
bubble. Therefore, due to the conpliance of the tank, 95% of the
water flows upward instead of 100% (rigid tank).

Thus, the result of the experimental and theoretical FSI
investigations is that effects of the compliance of the Karlstein
test tank walls and bottom on the pressure loads measured on the
boundaries of the tank during the tests can be neglected.

8-5.2__Verification_of SRV_System_ Load_Specification_Due_ to_ SRV
Actuation |

The pressures inside the SRV discharge line were measured at four

‘measuring points: just behind the SRV at measuring point P 4.1,
in the center of the blowdown pipe at measuring point P 4.2
{measuring point P 4.5 for the short discharge line), just above
the normal water level dt measuring point P 4.3, and just before
the inlet of the quencher at measuring point P 4.4 (see Figure
8.4).

The long and short discharge lines are illustrated in Figures 8-5
and 8-6.

The measured pressures in the discharge line are documented in
Section 8.4.1.

8-5.2.1__Pressures_During_the Vent Clearing_Process

Typical measurement traces of the pressures in the discharge line
are shown in Figures 8-132 and 8-133. The vent clearing pressure
is read off at PU4.4. As discussed in Section 8.4.1, the vent
clearing pressure is defined as the pressure which is read off at
the first pressure maximum at P4.4. A typical feature of this
pressure variation is the dynamic overshoot of the pressure above
the stationary-value. This phenomenon does not occur in such a
pronounced manner at the other pressure transducers along the
discharge line. This dynamic effect indicates that the pressure
required to expel the water column is greater than-the pressure
necessary to bring the steam mass flow through the quencher.

The expulsion of the water column.is also clear from the
different time variations at P 4.3 and P 4.4. The pressure at
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measuring point P 4.3 (above the water column) rises much nmore
steeply than the pressure at measuring point P 4.4 (inside the
water column). The difference between the two pressures is the
pressure which is necessary for the acceleration of the water
column.

At the time of the vent clearing, the two pressures have
approximately equal values. But after the vent clearing they
differ again, this time due to the different pressure losses
caused by flow resistances in the pipe.

8.5.2.1.1__Vent Clearing Pressures_for the_ Long Line

The steam mass flow through the SRV is a practically linear
function of the stagnation ‘pressure (reactor pressure). Since
the steam mass flow is one of the main parameters for the
pressure build-up in the air region of the discharge line and
thus for the acceleration of the water column, we will plot the
pressures in the discharge line as a function of reactor
pressure. The pressure in the buffer tank {(P2.6) and not the
pressure in the steam line before the SRV is used as the reactor
pressure for the tests since the pressure in the buffer tank more
closely simulates the representative stagnation pressure in the
reactor. (see Fiqure 8-134).

To describe the dependence of the vent clearing pressure on the
reactor pressure, only those tests for which the initial
conditions were set and thus known exactly were used. Those are
the tests with so-called "clean conditions".

From Figures 8-135 and 8-136, it can be seen that the measurement
results have good reproducibility for the tests with clean
conditions. The pressures in the pipe increase practically
linearly with reactor pressure.

The following trends can be observed:

1) A lowered vater level in the discharge line results in lower
pressures during the vent clearing. _

2) A hot pipe results in higher pressures during the vent
clearing. This 1is due to the smaller percentage of
condensation on the pipe wall.

3) The pfessure (at the time of vent clearing) behind the SRV is
always higher than the vent clearing pressure close to the
quencher.

The difference is attributable to the flow loss along the
line.
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4) " The pressure (at the time of vent clearing) behind the SRV
increases with increasing reactor pressure (or 1ncrea51ng
steam flow rate through the relief valve).

Besides the clean-condition tests, there is a large number of

real-condition tests and interval tests. Since the initial

conditions in them were random and were not varied in a

controlled manner, the measurement values are scattered over a

much wider band than in the clean-condition tests. Hence, these

tests are not usable for trend analyses, but may be used for
verification of maximum specification values.

The measured maximum values are:

Pressure behind the SRV (at vent clearing time): 19 bar at a
reactor pressure of 72 bar

Vent clearing pressure before the quencher: 14.5 bar at a
‘reactor pressure of 72 bar

825-.2.1.2__Vent Clearing_Pressures_for the Short Line

Figures 8-137 and 8-138 show the measured pipe pressures plotted
against reactor pressure for clean condition tests with the short
discharge line. The same trends-as seen with the long line are
seen here.

Since the short line has a smaller air volume than the léng line,
while the water column to be cleared and other parameters remain
the same, the pressures in the short llne are higher than those
in the long line.

The measured maximum values are:

Pressure behind the relief valve (at vent clearing time):

22 bar at a reactor pressure of 73 bar.

Vent clearing pressure before quencher:

18 bar at a reactor pressure of 73 bar.

8.5.2.1.3__Transposition of the Measurement Values_to SSES_and
Comparison_with_the_ Design_Specification >

The verification tests in Karlstein were run with the actual
geometry of the relief system, the actual SRV, and the highest
water level in the discharge line (6.2 m above center: of
guencher) that occurs for SSES.

The measured vent clearing times for that water level and a ﬁigh»
reactor pressure (69 - 81 bar) was between 250 and 400 ms.

o
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For these vent clearing times, the opening time of the SRV
(neasured opening times: 29 - 60 ms) has no noticable effect on
the vent clearing pressure {see Figure 8-139).

Hence, in regard to the vent clearing pressure, the only variable
vhose maximum value for SSES was not completely covered was the
reactor pressure.

The following extrapolation applies for that:

a) Pressure behind the_valve_ at_ vent_clearing_time
The Measured maximum value for the long line is
19 bar at a reactor pressure of 72 bar
A Slope of 25% is seen in figure 8-135.
Extrapolating to 88 bar, the result is:

Ppax = 23 bar for the long line

The Measured maximum value for the short line is
22 bar at a reactcr presssure of 73 bar

A Slope of 25% is seen in figure 8-137.
Extrapolating to 88 bhar, the result is:

Poax = 26 bar for the short line

Tﬁe design value given in Section 4.1.2.1 is

550 psi = 37.93 bar.

The Karlstein tests demonstrate that the design value is very
conservative for the vent clearing case.

b) Vent_clearing_pressure
The measured maximum value for the long line is
14.5 bar for reactor pressure of 72 bar.
A Slope of 12.5% is seen in figure 8-136.
Extrapolating to a reactor pressure of 88 bar results in
Ppyix = 16.5 bar for the long line.
The measured maximum value for the short line is
18 bar at a reactor pressure of 73 bar.
A Slope of 12.5% is seen in. figure 8-138.
Extrapolating to a reactor pressure of 88 bar results in
P pax = 20 bar for the short line.
The specification value given in Section #.1.1.2 is
Biax= 27 bar

The Karlstein tests demonstrate that the specification value for
the vent clearing pressure is very conservative.

8.5.2.2 Pressures_During_the_sStationary_ Condensation of Steam

About one second after the opening of the SRV, the vent clearing
process is completed and the phase of sationary steam
condensation begins.

In this phase, the pressures in the discharge line are determined
by the steam mass flow and the flow resistance. Since the stean
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mass. flow is proportional to the reactor pressure, here again we
vill investigate the dependence of the pipe rpressures to the ”
reactor pressure. ’ -

825.2.2.1_ _Long_Line

Figures 8-140 and 8-141 show the dependence of the steady state
pressure on the reactor pressure.

We see that the relation can be represented very well by a
straight line. .

As a result of pipe friction, the stationary pressure behind the
SRV has higher values than the pressures just before the
quencher. It also exhibits a faster increase with reactor
pressure.

The measured maximum values are: .

17.5 bar at reactor pressure of 72 bar

for the pressure behind the SRV (P4.1),

10 bar at reactor pressure of 70 bar

for the pressure before the inlet to the quencher (P4.4)

Figures 8-142 and 8-143 show the dependence of the steady state
pressure on the reactcr pressure.

The behavior of the pressure before the quencher (P 4.4) is
practically identical for the short line and long line. This is
not surprising, since this pressure depends only on the flow
resistance of the quencher.

The pressures behind the SRV are lower than those for the long
line, but display the same increase .with reactor pressure.

The different flow resistances of the two discharge lines are
manifested here.

To clarify this effect, the variation of the stationary pressure
at the measuring points along the discharge line are plotted in
Figure 8-144 for the short and long lines. The average pressures
were used, i.e., the pressures were read off from the
‘interpolation lines at 88 bar (see Pigures 8-140 to 8-143).

The measured maximum values for the short line are:
Pressure behind the SRV {P4.1)

16 bar at a reactor pressure of 72 bar, and

15 bar at a reactor pressure of 63 bar
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Pressure before inlet to the guencher (P4.4)
9.5 bar at a reactor pressure of 71 bar, and
9.0 bar at a reactor pressure of 65 bhar.

8-5.2.2.3

comparison_with the Design_Specification

As was the case with the vent clearing pressure, the only

variable whose maximum value in the SSES was not completely

covered by the test stand was the reactor pressure.

An extrapolation of the measured maximum values to a reactor

pressure of 88 bar yields the following results:

a)

b)

It can be stated that the désign value of 550 psi = 37.93 bar for
the stationary pressure behind the valve is very conservative.

8.5.2.3

Long Line

The measured maximum value behind the SRV

is 17.5 bar at a reactor pressure of 72 bar.

A Slope of 22% is seen in fiqure 8-140.
Extrapolating to 88 bar, the result is:

Pmax = 21 bar

The measured maximum value before quencher inlet is
10 bar at a reactor pressure of 70 bar.

A Slope of 16% is seen in figure 8-141l.
Extrapolating to 88 bar, the result is:

Pnax = 13 bar.

Short Line

The measured maximum value behind the SRV is

16 bar at a reactor pressure of 72 bar and 15 bar at
a reactor pressure of 63 bar. A Slope of 22% is
seen in figure 8-142.

Extrapolated to 88 bar the result is: P ., = 19.6 bar
and 20.5 bar, respectively.

The measured maximum value before quencher inlet is
9.5 bar at a reactor pressure of 71 bar and 9 bar
at a reactor pressure of 65 bar.

A Slope of 16% is seen in figure 8-1l43.
Extrapolated to 88 bar, the result is:

Phax = 12.5 bar and 13.0 bar, respectively.

External Loads on the Quencher and Bottom Support

In this
provide
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bottom support. The measuring points provided for that purpose
are shown in Figure 8-13, and are as follows:

SG 4.1,4.2 Bending at quencher arm 1

SG 4.3/4.4 Bending at quencher arm 2

SG 4.5/4.6 Bending at the bottom support

SG 4.7 Longitudinal strain at the bottom support
SG 4.8 " Torsion at the bottom support

Strains were measured at all measuring points. The measured
strains were used to calculate the loads which produced the
strains. The loads thus calculated are static equivalent loads
which contain hydraulic and also structural-dynamical effects.

8-5.2.3-1__Vertical Force

8.5-.2.3.1.1 _Measurement_ of the Vertical Forgg”

To measure the vertical force, two strain gauges, SG 4.7, wvere
connected in such a way that they measure strains resulting from
vertical forces.

.

The following relation exists between the load and strain:

. . 2
s T vhere Ay = .0l6 m

5 2
= . kN E = 2,06 x 107 N/mm
Fp = 3.3 "¢

If we insert € in uym/m, ve then get the vertical force in kN.

This equation was used to convert' the measured strains into
vertical forces.

8.5.2.3.1.2_ _Measured Vertical Forces

Figure 8-145 shows a typical measurement trace for the vertical
force. It increases rapidly during ‘the expulsion of the water
column and, after reaching the maximum value, returns gquickly to
Zero.

82.5-2-3.1.2.1 _Long_ Line

The vertical force exhibits a strong relationship with vent
clearing pressure as shown in Fiqure 8-146. This holds true for
all tests, even those with random initial conditions such as the
real conditions and multiple actuation test.

As discussed in Section 8.5.2.1l.3, the vent clearing pressure is -

inturn influenced by the reactor pressure, initial water column
in the'discharge line, discharge line temperature, etc. and was
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extrapolated out to a maximum reactor pressure of 88 bar.
Therefore, the maximum vertical load will be extrapolated to the
maximum vent clearing pressure from Section 8.5.2.1.3.

The measured maximum value for the vertical force is:

149 kN at a 12.8 bar vent clearing pressure.

8.5-.2.3.1.2.2 _Short_Line

Figure 8-147 illustrates the dependence of the vertical force on
the vent clearing pressure. In principle, the same discussion as
~in Section 8.5.2.3.1.2.1 for the long line applies here also.

The measured maximum value for the vertical force is:
192 kN at a 16.8 bar vent-clearing pressure.

The vertical forces relative to the vent clearing pressure are
practically the same.

825.2.3.1.3 Transposition of the Measurement_ Values_to SSES

As was discussed previously for the extrapolation of the vent
clearing pressures, the measurement values for the vertical force
can also be transposed directly to the plant. Por verification
of extreme conditions in the plant, the measurement values are
extrapolated to a reactor pressure of 88 bar. The extrapolation
can be performed directly via the vent clearing pressure.

8.5.2.3.1.3.1 Long Line

The measured maximum value was:
149 kN at a 12.8 bar vent—-clearing pressure
Slope = 13 kN/bar (Figure 8-146)

According to Section 8.5.2.1.3, the extrapolated vent-clearing
pressure for the long line was 16 bar.

Extrapolation of the vertical force to 16 bar yields:

8.5.2.3.1.3.2 Short_line

The measured maximum value was:
192 kN at 16.8 bar vent—-clearing pressure
Slope = 13 kN/bar (Figure 8-147)

According to Section 8.5.2.1.3 the extrapolated vent clearing
pressure for the short line was 20 bar.
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Extrapolation of the vertical force to 20 bar yields:
Pymax = 234 kN

In addition Figure 8-147, shows a measured value of
149 kN at a 12 bar vent—-clearing pressure.

This leads to a maximum extrapolated vertical force of:

Fumex = 252 kN.

8.5.2.3.1.3.3 Summary

The extrapolation of the measurement results for the vertical
force yields a maximum value of:

Py max = 252 kN.

In Pigure 4-11, the speéified vertical force is given as 860 kN.
On the basis of the measurement results, the specification value
can be viewed as extremely conservative, both in the maximum

value and also in the load-versus-time function.

8-.5.2.3.2 _Torsional_ Moment

82522-3.2.1_ Measurement of the Torsional Moment

To measure the torsional moment, two strain gauges (SG 4.8 -
Figure 8-13) were connected in such a way that they measure
strain resulting from torsional moment only.

According to Reference 41, there is a very simple relation
between the torsion or shear strain and the measured strain, when
the strain gauges are mounted at a 45° angle relatlve to the
principal shear stress direction.

¥e have:
£ = (l/Z)Y

e = strain

Y = shear strain

Therefore, since the strain gauges SG 4.8 were mounted at a 45°
inclination to the vertical axis, we have:

Y =1 1t = shear stress
G
G = shear modulus

Y =2 .¢ and1:='22
2
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T= EZ ‘T M& = torsional moment

ko]
-
n

polar moment of inertia

2]
i

e thus obtain the relation between torsional moment and measured

strain: 4+ e+ G-I
Mp = B

D
, a
The shear nodulus is defined as

. G = T = ! tio
2(1 + y) ‘ p = Polsson s ra
gith E = 2.06 x 105 N/mm2 and
p=0.3

He get:

G =7.9 x 104 N/mm2

The polar moment of inertia is defined as

4 4
IgﬂoDa (1"‘Di /Da

Therefore:
I, = 4.64 x 1074 ot .

Inserting the various numerical values, we get:

My = 0,113 €

Inserting € inamn/m, this equation gives us the torsional moment

in kN—n.
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This equation was used to convert the measured strains at SG 4.8 »
into torsional moments.

The torsional nmoments obtained in this manner represent static
equivalent loads.

825.2-3-2.2 Heasured Torsional Moments

Pigure 8-148 shows a typical neasurement trace for the torsional
moments. After the end of the vent clearing process,
{approximately 1 second after test start) the amplitudes of the
measured torsional moments are very small compared to the maxinmum
amplitude during the vent clearing process. There is a factor of
6—-7 difference between the two of them. The maximum amplitude of
the torsional moment occurs much later than the expulsion of the
vater column.

8.5.2.3.2.2.1__Long_Line

The torsional moment at the bottom support has . its origin only in
unsymnmnetrical processes at the quencher during the vent clearing
and during the transition to stationary condensation.

Pigure 8-149 shows the dependence of the torsional moment on the

vent clearing pressure. Since the vent clearing pressure is a

direct influencing parameter (see Section 8.5.2.3.1.2.1) we will
correlate the torsional moment with that value. . ‘

The sharply pronounced scatter band is an indication that a
random process is superimposed on that dependence. That is
expressed by the fact that the torsional moment is brought about
by random unsymmetry.

The measured maximum value of the torsional moment is:
e max = 55.8 kN-m at a 14 bar vent-clearing pressure.
8.5+2.3.2.2.2 _Short Line

Pigure 8-150 again shows the dependences of the torsional moment
on the vent clearing pressure. In principle, the situation is
the same as in the preceding Section for the long line.

The measured maximum value of the torsional moment is:

39.2 kN-n at a 18 bar vent—-clearing pressure.

8.5.2.3.2.3_Transposition of the Measurement_ Values to SSES

¥hen transposing the measurement results to SSES} we shall

consider in a conservative manner the load carried by the

discharge line, which in the test stand is connected rigidly (but : "
r
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not in a leaktight manner) to the yuencher and bottom support by
means of weld brackets(see Fiqgure 8-13 and 8-14) in contrast to
the free moving sliding joint at SSES. To do that, we make the
assumption that the discharge line is fixed in a torsion
resisting manner at the first bend above the gquencher.

That results in the following picture:

VITIIIIA i
J
Lo, o< i i
;JL . Discharge Line
( Quencher
ﬁr
Ip, My | =< Bottom support

Ti7i77777

The torsional moment My acts at the quencher. The torsional
moment H+y, was measureg at the bottom support. The discharge
line carries the torsional moment Hy,.

Therefore:
Mp = Mpy + Mg

From the equality of the rotation, we get:

Y .-.-“I. = PIT Y
G I, G
Therefore:
My " T %y o Mp T Fy T A
G - Ipl G Ip2

My =Ipp L B0 Y
My Ipy SRS

We have the following dimensions:

L 0.1775 m o = 0.162 m
4 = 0.125 m Toy = 0.1445 m
21 = 0.45 m 22 = 11.313 m
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Therefore:
= =4 4
Ipl 4,64 , 10 " n
- -4 4
]52 4.0.. 10 m
Tperefore:

Mppo_ 464 0.162  11.313 _ .o .
Mo, T4 * 0.1775 ° 0.45 .

Mpy = L M:rl

26.6

Mp =My v Mp =¥y s 1 )

26.6

M, = 1.0376 ° Mfl

Thus, the load transmitted to the discharge line is less than 4%
of that transmitted to the bottom support.

If, without taking into consideration the discharge line, we
first use Pigures 8-149 and 8-150 as the basis for an
extrapolation of the measured maximum values to maximum vent-
clearing pressure for the corresponding discharge line, then we
get the following maximum values:

a) long line

M = 59.8 kN-m

Tt Max
b) short line

Mry pax = 43-2 kN-n

If we now consider the torsion carried by the discharge line,
then this value is increased to a maximum of:

Hn mx"_" 62 kN-m
The torsional moment specified in #.1.2.6 for the gquencher

support was 40 kN-m to be applied as a step function. A
torsional moment step function applied to an undamped one mass
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oscillator (quencher acting as inertial mass and bottom support
as a torsional spring) corresponds to a maximum response of:

Hyp = 2(40) kN-m = 80 kN-m

Since the maximum torsional moment derived from the Karlstein
tests is M. Max = 62 kN-m, the specification is conservative.
/

8+5.2.3-3__Bending Moments at_the Quencher Arms

8.5.2.3-3.1 Measurement of the_ Bending_Moments

In the Karlstein tests, the bending moments were measured in the
horizontal plane (parallel to the tank's bottom) and also in the
vertical plane, at both of the quencner arms.

To accomplish that, two strain gauges each were connected in such.
a way that they measured unsymmetrical strains resulting from
normal stresses (unsymmetrical component). The followinyg strain
gauges were mounted for that purpose (see Figure 8-13: ~

SG 4.1) Moments in vertical direction
SG 4.3)

SG 4.2) Moments in horizontal directon
SG U.4)

The strain gauges were mounted approximately 150 mm from the weld
between the quencher arm and the central ball.

The section modulus of one quencher arm is:

D
Ww=.1p3 (@-_1)
32 "a 4

D

a

‘D = 0.4064 m
a

Di = 0.3744 m

We have:s

Q
n

€+E = MBﬂJ

€-EW

My

This leads to the equation between guantities: Mp = 0,38¢
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This gives the bending moment in kN-m, if ¢ is inserted inum/m. . ‘I’
With this equation, all the measured bending strains were

converted into bending moments. The bending moments thus

calculated are static equivalent loads.

8.5.2-3.3.2 Measured_Bending_Homents

Figure 8-151 shows a typical measurement trace of the measured
bending moments at the quencher arms. We see clearly that the
maximum values occur much later than the clearing of the
quencher.

The evaluation of the individual bending moments relates to the
total resultant bending moment, i.e., the bending moment which
actually loads the.quencher arm. The resultant bending moment is
obtained by using the relationship:

Mo ’\jMy + M,

The bending moments My are read off at SG 4.2 and 4.4. The
bending moments M, are read off at SG 4.1 and 4.3. The resultant
bending moments exhibit no deterministic dependence on the vent
clearing pressure, as shown in Figure 8-152. Therefore, the
resultant bending moments on the quencher arms must be considered
as statistical values.

The measured maximum value of the resultant bending moment is 63 0
kN-n.

8.5-.2.3.3.3__Transposition of_the Measurement Results into_the
Weld

In Section 4.1.2.5, the bending moments in the weld were
specified. In the Karlstein test stand, the strain gauges were
mounted about 150 mm from the weld in order.,not to measure
localized stresses due to the weld and the intersection between
the ball central body and the quencher arm. Available experience
indicates that this distance is sufficient to measure a stress
profile which is independent of shape factors.

From the specified force and moment (Table 4-10), we obtain for

the distance between the weld and the force producing the bending
moments:

lp = 23 = 0.655

By treating the quencher arm as a cantilever bean, we obtain for
the maximum stress and thus for the maximum bending moment:

HB ma{0.655 = N B mea((0.655-0.1‘5)
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M = bending moment in the weld
B max - R
M - = measuréd bending nmoment
B max
Therefore:
HB max 1.297 "B meas

Thus, based on the measured maximum resultant bending moment of
62 KN-m (see Section 8.5.2.3.3.2), we obtain the following
maximum bending moment in the weld:

' Maximum resultant bending moment: 81 kN-m

8.5.2.3.3.4_ _sSpecified Static_Equivalent Loads

As already noted above, the measured bending moments are to be
considered as static equivalent loads.

In Section 4.1.2.5 Table 4-10, two contributions were specified
with respect to the bending moment in the weld:

a) a step function having a step height of 19 kN-m

b) a maximum differential pressure which, according to
Section 4.1.3.7, is 0.8 bar from KKB trace No. 35 with a
0.5 multiplier. This results in a maximum differential
pressure of 0.4 bar.

The contribution of the differential pressure is to be viewed
statically, since, according to Section #4.1.3.5, the frequency of
the differential pressure is approximately 6 Hz. The bending
eigenfrequency of the quencher arm is on the order of 100 Hz.

The contribution of the differential pressure to the bending
moment in the weld is thus:

11.4 kN-m
The contribution of the step funcion is to be viewed dynamically.
Therefore, the same considerations are applicable as those made
for the torsional moments in Section 8.5.2.3.2.3. Accordingly,
we have the following static equivalent loads:

Component_in one_Direction

Contribution from step function = 2 X 19 = 38 KN-m
Contribution from differential pressure = 1ll.4 KN-nm

Total = 49.4 KN-m
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Resultant Moment

Contribution from step function = 38 x V2 = 53.7 KN-n
Contribution from differential pressure = 1l.4 KN-m
Total = 65.1 KN-n ‘

8.5.2-3.3.5 Evaluation of the Measurement Results

As already mentioned in Section 8.5.2.3.3.2, the bending moments
on the guencher arm are to be treated as statistical values.
Figure 8-153 shows the frequency distribution of the measured
maximum bending moments in each tests and the resulting frequency
disribution of the values transposed in to the weld.

The frequency distributions are based on the peak maximun value
of each individual test, which were measured either at SG 4.1/4.2
or at SG 4.3/4.4. :

The specified static equivalent loads (see Section 8.5.2.3.3.4
are introduced for 7000 responses of the relief valve.
Therefore, the loads are to be evaluated in a fatique analysis.

It follows from Figure 8-153 that the mean value of the measured
maximum values transposed into the weld is 35 kN-nm.

Except for three cases, the specified resultant bending moments '
also cover the maximum measured values. The quencher is being
evaluated for these measured maximum values.

It should be noted that both the specified stationary internal
quencher pressure of 22.0 bar and the resulting thermal load of
219°C were found to be very conservative when compared to the
maximum extrapolated values of 13.0 bar and the resulting
saturated steam temperature of 195°C measured during the tests.
(Section 8.5.2.2.3).

8.5.2.3.4 Bending Moments at the Bottom Supgort

8.5.2.3.4.1 Measurement of the Bending_.Moments

To measure the bending moments a the bottom support, two strain

gauges capable of measuring the bending strains were mounted. 1In.

the measurement arrangement, the bending strains could be

measured in two mutually perpendicular directions (see Figure 8-

13). The strains for moments about the x-axis were measured with

the strain gauges SG 4.5. The strains for moments about the y-
axis were measured with the strain gauge SG 4.6.
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The section modulus of the bottom support is:

4
D

=Lp3d i

W= 32 Da (1 4
D

a

3. 3

W =1.307 x10 " m
We have r

¢ =E-: =M/
This leads to the equation:

Mﬁ = 0.27 + ¢

D

This egquation gives the bending moment in kN-m, if € is inserted

in um/m.

This equation was used to convert all measured bending strains of

the bottom support into bending moments. The bending moments

thus calculated are static equivalent loads.

845.2.3.4.2__Measured Bending Homents

In Figure 8-151, the tending moments at the hottom support can be

seen under the traces of the bending moments at the
arms.

quencher

The maximum values occur at a later time than the vent clearing.
But they occur at the same time as the maximum values of the
bending strains at the quencher arms. The maximum strain

resulting from torsion does not occur at the time of the maximum

bending strain {see Figure 8-151, SG 4.8).

The evaluation of the bending moments relates to the resultant

bending moment, i.e., the bending moment which actually loads the

bottom support. The resultant bending moment is obtained by
interconnecting the actual load-versus-time functions of the

individual components through the relation:

M o=\M2+u?
res b3 y

The bending moments My are read off at SG 4.5 and the bending

moments My at SG 4.6.

The maximum resultant bending moment was 54.5 kN-n.
The resultant bending moments display no dependence
clearing presure, as shown in Figure 8-154. Hence,

conclusions that were drawn for the bending moments
gquencher arms are applicable here, also.
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8.5.2.3.4.3 Specified_Static_Equivalent Load.

As already mentioned, the measured bending moments are to be
viewved as static equivalent loads.

The bending moments at the bottom support are introduced through
the quencher.

Section 4.1.2.4 and Table 4-7 specify a transverse force of 44 k¥
on the quencher was used as step function.

In addition, a maximum differential pressure of 0.4 bar on the
quencher was spec1f1ed. The contribution resulting from the
differential pressure is to be viewed as a statically acting
load. It amounts to 48 kN.

Note: The discharge line and the bottom support were not
considered here. The presssure difference was formulated only
over the projected area of the quencher.

The specification then yields the following transverse forces on
the quencher:

Contribution from step function = 2 x 44 = 88 kN
Contribution from differential pressure = 48 kN
Total = 136 kN

Strain gauges SG 4.5 and SG 4.6 were mounted approximately 0.5 m
below the center of the quencher. Transposed to this location,
the specification yields: .

68 KkKN-m

8.5.2.3.4.4 Bvaluation of the Measurement Results

Figure 8-155 shows the frequency distribution of the measured
maximum bending moments at the bottom support. The measured
maximum values are also covered by the specification.

Thus, the Karlstein tests have demonstrated that the specified
transverse forces on the quencher can be viewed as very
conservative.

8.5.2.3.5 _Forces_on_the Quencher

In the Karlstein Quencher Tests, only bending moments were able
to be determined for the quencher itself. 1In Section 4.1.2,
forces and moments on the gquencher were specified. The specified
noments were calculated from the forces. The measured moments
'are within the specification. Therefore, we can conclude that
the forces are also verified.
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8e5.2.3.6 Influence of an Adjacent Quencher

During the clearing of the gquencher, strong turbulences and
eddies of the expelled and ambient water develop around the
discharging quencher. In particular, after the vent clearing the
quencher is surrounded by a large number of air bubbles which ,
represent a locally compressible volume in the water. This

state, which forms around the discharging quencher, prevents effects

from the blowdown of an adjacent quencher from penetrating to the

guencher under consideration.

It is therefore understandable that, in the KWU in plant tests
within the Brunsbuttel and Philippsburg nuclear power plants, no
increase of the load on the quencher and bottom support was found
for the response of several quenchers in comparison to the
response of one quencher (Reference 6). ‘

An effect of a load on one quencher due to the firing of an
adjacent quencher is to be observed only when the adjacent
quencher blows down alone.

In that case, a detailed evaluation was made for the Brunsbuttel
blowdown tests (Reference 38).

The result of the investigation was that the measured loads are
enveloped by a pressure difference of 0.2 bar applied over the

adjacent internal structures in the pool at the quencher level, |
i.e., also over the gquencher.

A maximum pressure difference of 0.4 bar over the guencher arms
vas specified for SSES. The vent clearing pressures and dynamic
pressures in the water pool obtained for SSES from the Karlstein
tests are of the same order of rmagnitude as the corresponding
measurement results in Brunsbuttel.

the quencher arms can be viewed as conservatively enveloping.

8.5-.2.3-7__Loads on_the Quencher_ During_Steam_Condensation

|
|
Therefore, the specified differential pressure of 0.4 bar over 1

The maximum mechanical and thermal loads on the guencher during
the condensation phase occur during the phase of intermittent
condensation. In Section 4.1.2.7, the loads resulting from
intermittent condensation were taken as the basis for the fatigue
design of the quencher.

The evaluation of the loads on the quencher during steanm

condensation in the Karlstein tests therefore relates primarily
to the phase of intermittent condensation.
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8.5.2.3.7-.1 _Manifestation Forms_of Intermittent Condensation in
the Karlstein Tests

As discussed in Section 8.1.3, the condensation tests vere
performed along the lower and upper boundary lines of the
operation field for water temperatures £30°C and also for water
temperatures 259°C. 1In both regions, the intermittent
condensation phase occurs for very low reactor pressures
(approximately between 2 and 4 bar). In Section 8.8.2 it is
shown that the maximum values for the dynamic pressures in the
vater region occur .during intermittent condensation in cold
water. The same is true also for the loads on the yuencher.

"For\ the evaluation and comparison- with the specification, we use
the measurement values of the bending moments at the quencher
during the intermittent condensation in the cold pool. The
measurement values are documented in Section 8.4.2.

8-.5.2.3.7.2__Illustration of the Measurement Values

The time duration of the intermittent condensation in the cold
pool was about 100 seconds. The total number of condensation
events at the quencher vwas 52. The maximum measurement values
occurred in the vertical direction at SG 4.3.

The frequency distribution of the resultant bending moments (SG
423/4.4) at the gquencher arm is show in Figure 8-156. The mean
value of the maximum measurement values of each event is 11.8 kN-
m. The maximum measured value was 66,5 kKN~m.

The frequency distribution of the resultant bending moments (SG
4.5/4.6) at the bottom support is shown in figure 8-158.

The mean value of the measurement values is 8.9 kN-n. The
maximum value was approximately 30 kN-m.

The measured maximum value of the torsional moment during the
intermittent condensation is 6.2 kN-m.

8.5.2.3.7.3__Evaluation_of the Measurement Results for_ the
Quencher Arm

Figure 8-157 shows the frequency distribution of the resultant
bending moments, which were transformed from the measuring point
into the weld (see Section 8.5.2.3.3.3. The mean value of these
bending moments is 15.2 kN-m. The maximum value is 86 kN-mn.

The measured bending moments represent static equivalent loads..
In Section 4.1.2.7 and Table 4-12, a value of 25.4 kN-m was
specified ‘for the equivalent load for the resultant bending
moment in the weld during intermittent condensation. The loads
specified are formulated for an occurrence frequency of 106.
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In the fatigue analysis, the mechanical loads represent only one
load component. Another part of the fatique loading is produced
by the alternating thermal loading. The assumption made in the
specification was 106 temperature steps from 35°C to 133°C and
from 133°C to 35°C.

The low-frequency oscillations of the pipe's internal pressure
measured at PU4.4 are used as a basis for the measured temperature
alternation. The saturated-steam temperatures are then
correlated with those pressures.

The pressure oscillations have an oscillation frequency of about
0.5 Hz and a maximum amplitude of 0.5 bar overpressure = approxXe.
2 bar absolute pressure. This pressure lies below the specified
value of 3 bar.

The measured maximum pressure of 2 bar corresponds to a
saturated-steam temperature of 120°C. Assuming that the
inflowing water in SSES is at a temperature cf at least 35°C,
then the temperature step is 85°C.

A temperature step of 98°C is assumed in the specification, so
that there is a reserve of 13°C.

The measurement values forming the basis for the evaluation and
comparison with the specification were observed only during the
phase of intermittent condensation with cold ‘water in the test
tank.

As with the boundary pressures in the test tank (Section 8.4.2),
the loads on the guencher were considerably lower during the
intermittent condensation phase with warm water than during
intermittent condensation with cold water. The measured maximum
bending moment during this condensatlon phase was <1 kN-n
relative to the weld sean.

In addition, KWU in plant tests in the Brunsbuttel nuclear pover
plant showed that .for a pool water temperature of approximately
35° and above, intermittent condensation loads on a quencher were
smaller. This indicates that the region where intermittent
condensation loads of any conseguence can be expected is limited
to that of very low pool temperatures (approximately 25°C) and
very low steam mass flows and that heating of the pool a small
amount results in a reduction in loading.

8.5.2.3.7.4 _Evaluation_of the_ Measurement Results for_ the Bottonm
support

An impulsively acting transverse force of 17.5 kN was specified
on the gquencher for intermittent condensation.
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The distance from the middle of the quencher to the measuring
point for the bending moments at the bottom support is 0.5 m, so
that the specified bending moment with respect to the bottom
support is:

(17.5 kN x 2) x 0.5 m = 17.5 KNm (static equivalent load)

The maximum resultant bending moment from the tests is
approximately 30 KN-m.

8.522-3.7.5 Evaluation of the Measured Torsional Moments

An impulsively acting torsional moment of 19 kN-m was specified
for the intermittent condensation.

This step function yields a torsional moment of:
38 kN-m as the static equivalent load

The specified torsional moments conservatively envelop the
measured maximum value of 6.2 kN-m.

8-5.2.3.7.6__Evaluation of the Measured Maximum Moments at_ the
" Quencher Arm_during Intermittent Condensation

A maximum resultant bending moment of 66.5 kN—-m at the quencher
arm was measured in the intermittent condensation phase, which
results in a moment of 86 kN—m in the weld. The measured maximum
values of the resultant bending moments at the quencher arm
during intermittent condensation are on the order of magnitude of
the measured maximum vlaues during the vent clearing phase
(Section 8.5.2.3.3.2).

For the vent clearing, a temperature difference of 184°C was
specified. For the intermittent condensation, a temperature
difference of 98°C was specified.

The total stresses loading the quencher arm are composed of
mechanical and thermal stresses. The thermal stresses are
distinctly larger than the mechanical stresses.

The maximum resultant bending moment at the quencher arm for
intermittent condensation exceed the value specified for the vent
cléaring by about 40%.. However, the associated temperature jump
is only about half as large as for the vent clearing.
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8.5.3__Verification_of Suppression_Pool Boundary_ Load
Specification_ Due_to_SRV_Actuation

In Section 4.1.3, three pressure time histories are specified as
the basis for the containment analysis due tc SRV actuation. The
three traces were taken from a large number of bottom pressure
time histories from various KKB in plant tests. ’

The evaluation of the pressure oscillation measurements in the
Karlstein vent clearing tests will therefore concentrate on
demonstrating that the pressure time histories specified are
enveloping. :

Accordingly, analysis and assessment of the individual measured
pressure time histories is restricted to a minimum.

8.5.3.1 Evaluation of the lLocal Effects Seen_at_ Pressure
Transducer P5.5

As shown in Figures 8-10 to 8-12, the pressure transducer P5.5 is
mounted on the concrete wall opposite the middle of the hole
array on the quencher arm.

About 0.25 seconds after expulsion of the water column, P5.5, in
comparison with the other pressure transducers, exhibits high-
frequency positive pressure peaks which are not observed at the
neighboring pressure transducers. This effect is from the local
turbulences.

These high frequency pressure peaks have a small energy content
so that their range of action is limited to the immediate
vicinity of the pressure transducer.

The following Table should make this clear. In this Table, the
ratio of the measured pressure amplitudes of the neighboring
pressure transducers (P5.10 and P5.4) to the pressure maximum at
P5.5 is indicated for all tests which exhibited a maximun
pressure amplitude 2 1 bar at pressure transducer P5.5.
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. .95m
P5.10 PS.6
l.olTm
P5.4
Test P5.4 P5.10 P5.5 P5.4/5.5 P5.10/P5.5

. (bar) (bar) (bar)

4.1.6 0,6 0,55 1,0 0,6 0,55
5.1.7 0,45 0,4 1,0 0,45 0,4
10.R1.7 0,73 0,55 1,7 0,43 - 0,32
20.R1.9 0,45 0,4 . 1,0 0,45 0,4
20-R1.10 1,0 0,65 1,73 0,58 0,38
25.1 0,55 0,6 1,0 0,55 0,6
25.R2 0,85 0,8 1,55 0,55 0,52

From this Table we can see that the measurement value has decayed
by half at about 1 m from the measuring point P5.5.

The comparison measurement points P5.4 and P5.10 are in the
region of origination of the air bubble oscillation, so that no
attenuation effect due to distance effects could occur at that
measuring point. Therefore, the sharp decrease of the pressure
amplitude which is measured nevertheless shows clearly that the .
pressure measured at pressure transducer P5.5 is limited to its
local vicinity.

As further verification that this effect is limited to the area
around pressure transducer P5.5, a comparison is made between the
power spectral densities from P 5.5 and the bottom pressure
transducer P 5.2.
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The following tests were selected:

Test 1ll.1 This test exhibited the highest fpover spectrum at
the dominant frequency

Test 4.1.6 This test exhibited the highest pressure amplitude
at P5.5 for the long discharge line

Test 20.R1.10 This test exhibited the highest fpressure amplitude
at P5.5 for the short discharge line.

The comparison can be summarized as follows:

At the dominant frequency, the power densities are the same
magnitude for the pressure oscillations at the bottom pressure
transducer P5.2 and at, pressure transducer P5.5.

The differences at the higher frequencies is significant. For
tests 4.1.6 and 20.R1.10 the frequency spectrum of P5.5 exhibits
significantly higher power densities at higher frequencies than
the corresponding fregquency spectrum at pressure transducer P5.2.

This significant factor is not noted for the frequency spectrunm
of test 1l.1 (see Figures 8-159 and 8-160). In that test, the
difference between the maximum pressure amplitudes for pressure
transducers P5.5 and P5.2 was 0.13 bar. The pressure ratio is
P5.5/P5.2 = 0.78/0.65 = 1l.2.

In test 4.1.6, the difference in the power densities at the
higher frequencies is already more strongly evident (see Figures
8-161 and 8-162). In that test, the difference between the
maximum pressure amplitudes for P5.5 and P5.2 was 0.5 bar. The
pressure ratio is P5.5/P5.2 = 1/0.5 = 2.

The difference in the power densities at the higher frequencies
is quite strongly pronounced in tests 20.R1.10 (see Figures 8-163
and 8-164) . The difference in the maximum pressure amplitudes
for P5.5 and P5.2 was 1.l bar in that test. The pressure ratio
is P5.5/P5.2 = 1,73/0.63 = 2.75.

The pressure differences or pressure ratios are not discernible
in the power spectra for the dominant frequencies, but are at the
higher frequencies. From that we can conclude that the pressure
oscillation which was measured at pressure transducer P5.5 has
approximately the same amplitude at the dominant frequency as the
pressure oscillations which were measured elsewhere in the
vicinity of the gquencher, e.g., at P5.2.

In addition, higher frequency pressure oscillation components
having a high amplitude are occasionally superimposed on the
fundamental oscillation in the pressure oscillations at P5.5.
The higher frequency components, which occur at pressure
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transducer P5.5, decay rapidly in time and space, so that the
effect of the high frequency fpressure oscillations remains
limited to the immediate vicinity of measuring location P5.5.
Therefore, as stated before, the measurement results for the
dynamic pressures at P5.5 represent local events having no global
effect on the containment.

We will therefore not consider the positive pressure measurements
at P5.5 when verifying the design specification for the overall
containment analysis the results from this gage are included for
the verification of the loadings on the colunns.

8.5.3.2 Verification of the Specified Pressure Amplitudes and
Vertical Pressure Profiles after Vent Clearing

The measured peak pressure amplitudes for the 125 vent clearing
tests are tabulated in Tables 8.9 and 8.10. Section 8.4.1 also
presents a number of Figures (8.27 to 8.34) which show that the
pressure amplitudes measured in the tests had no significant
dependence on the initial reactor pressure. Therefore, no
modification to the measured pressures will be made to account
for differences in the reactor pressure between SSES and the
Karlstein test stand. In addition, as explained in the previous
section, the positive pressure measurements a P5.5 will not be
considered when verifying the design specification for the
overall containment analysis.

8-.5.3.2.1_ _Overpressures

The maximum over pressure amplitude measured on the boundary of
the Karlstein test tank was 1.0 bar. That pressure was neasured
at the concrete wall (p5.4) in test 20.R1.10. A maximum pressure
amplitude of 1.2 bar is specified in section 4.1.3 (KKB Pressure
Trace No. 35 with the 1.5 nultiplier). The maximum specified
overpressure amplitude of 1.2 bar .evelops the measured maximum
overpresure amplitude of 1.0 bar.

8.5.3.2.1.1 Vertical Pressure_ Profile

It can be assumed that the maximum dynamic pressure will occur in
a sphere which surrounds the quencher and has approximately the
radius of a quencher arcm, (5'-0").

At some distance from it, the maxirum value will be attenuated in
accordance with a distance law. For an infinite water space, the
1l/R law is applicable for the decrease of the pressure with
distance from the source. That law applies in all directions,
i.e., in the vertical direction also. The validity of the 1/R
law is based on the assumption of a stationary (i.e., fixed
position) oscillating bubble in the infinite water space. That
ideal case does not hold for the clearing of the relief systen.
Already shortly after the expulsion of the air—-steam mixture,
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small air particles move to the surface of the pool because of
buoyancy. Even more important, however, is the fact that the
vater surface and the tank boundary surfaces influence the
distance law and that the pressure amplitude must vanish at the
water surface itself.

Accordingly, a pressure profile in the vertical direction is
specified in Section 4.1.3.4 providing for a constant ‘pressure at
6'0 (1.83 m) above the suppression pools bottom and, starting at
that height, a linear decrease of pressure up to the water

sur face. ’ ,

Figure 8-165 shows that the maximum specified pressure
distribution very conservatively envelops the measured maximum
pressure amplitudes. The conservativeness becomes clearly
evident if, based on the measured maximum value of wall pressure
amplitude of 1 bar at pressure transducer P5.4, vwe assunme a
linear decrease of pressure from that measuring point to the
water surface. That assumed linear pressure decrease (depicted
in Pigure 8-165 by a dashed line) also envelops the maximum
pressure amplitudes measured in the vertical direction. 1In
comparison with the assumed linear pressure decrease and the
specified pressure distribution, the conservativeness of the
specification becomes obvious.

825.3.2.1.2_ _Vertical Pressure_Profile Including _Local Effects_at
B3.35

For the evaluation of the unpertubed pressure distribution in the
vertical direciton, the measuring point P5.5 was omitted, even
though it lies in a direct line with the pressure transducers
P5.4, P5.6 and P5.7. Because of the local effect for P5.5, a
separate analysis shall he performed here.

That analysis starts with an estimation of the vertical zone of
influence associated with the pressure peak measured at P5.5.

The lateral holes in the gquencher arms extend over an angle range
of 729 on each side. The holes are drilled radially, so that in
first approximation we can assume a source flovw of the emerging
fluid. The high-frequency pressure peak at P5.5 occurs at a much
later time than the vent clearing. It can be supposed that at
that time there is a steam-air mixture flowing out of the
quencher. The steam-air jets emerging from the holes have a high
degree of turbulence. Thus, the edges are very soon mixed with
the surrounding vater. Furthermore, the emerging steanm is
condensed immediately and the expelled air is cooled down
quickly, so that the expelled compact volume is reduced rapidly.
Therefore to estimate the range of action, it is assumed that the
source flow acts over a mean angle range of e = @/2 = 720/2 =
36°. The total range of action is then
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b = x tan 36° x = 1.575 m (distance from centerline of
b =1.14 m quencher arm to concrete wall)

This range of action of 1l.1l4 m is divided into equal parts above
and below the measuring point P5.5, so that we obtain a range of
action of +0.57 m relative to the measurement locatione.

Based on this range of actin the measured vertical pressure
distribution considering the local effect is compared with the
specified pressure distribution in Figure 8-166. The base points
of the pressure elevation at P5.5 were placed on the straight
line of the linear pressure drop symmetrically with respect to
the quenchert!s center plane.

From Figure 8-166 it can be seen that the maximum specified
pressure distribution results in a larger resultant force on the
containment boundary and columns than does the measured pressure
distribution including consideration of the local effect. This
means that the overall specified pressure distributrion in the
vertical direction also envelopes the local pressure elevation at
P5.5.

8.5-3.2.2 Underpgesshres

The maximum underpressure amplitude measured on the boundary of
Karlstein test tank was -0.68 bar. That pressure was measured a
the concrete wall (P5.10) in test 25.R2. A pmaximum underpressure
amplitude of -0.56 bar is specified in Section 4.1.3 (KKB
Pressure Trace No. 76 with the 1.5 multiplier).

The next largest underpressure recorded during test 25.R2 was
-0. 50 bar.

The next largest underpressure recorded anywhere during the vent
clearing tests was -0.58 bar at P5.2 in test 2S.1l.

Except for the two measurement values called out above all other
measured underpressures were bounded by the maximum specified
value of -0.56 bar.

8.5.3-2.2.1 _Vertical Pressure_Profile

Figure 8.167 shows a plot of the maximum specified underpressure
distribution and the maximum measured underpressure values for
the Karlstein tests.

It can be seen that, except for the one value at P5.10 for test

25.R2, the maximum specified pressure distribution envelops the
maximum measured pressure amplitudes.
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In addition, for SSES, the most unfavorable boundary condition in
this comparlson is the low liquid level of 22 ft = 6.70 o in the
suppression pool.

The hydrostatic pressure distribution with respect to that liguid
level is indicated by a dashed line in Figure 8-167.

The comparison of the measured worst underpressure distribution
with the hydrostatic water load resulting from the worst boundary
condition for this comparison (lowest water level in the
suppression pool) shows that the compressive forces from the
water load and the tensile forces from the underpressure
distribution  maintain the equilibrium. Thus, the Karlstein tests
have, in addition, demonstrated that the blowdown of the SSES
relief system with the quencher does not result in any resultant
tensile forces on the steel liner, even for the worst possible
superposition.

8.5.3.3__Verification of the_ Préssure Time Histories Used_ for_the
SSES_Containment Analysis

In order to verify that the pressure time histories used for the
SSES dynamic analysis due to SRV actuation are bounding, the
Power Spectral Densities (PSDs) of the specified time histories
(with the appropriate amplitude increase and frequency range from
Section 4.1.3) are compared with the PSD's of the appropriate
time histories recorded in the Karlstein test tank and transposed
to the SSES" suppressicn pool. . :

Statements concerning the clearing of parallel quenchers are
based on the unrealistic and extremely conservative assumption
that the expelled air bubbles are equally large and oscillate in
phase. A guantification of that conservativeness is not given.

We will first discuss and verify the theory to be used to
transpose the oscillation frequencies measured in the test tank
to the suppression pool. Then, the appropriate nmultipliers for
this frequency transposition will be established. A discussion
is also provided for transposing the measured pressure amplitudes
to the suppression pool. Finally, the actual verification is
presented.

8.5.3.3.1 _Transposition Method for the Oscillation_Frequency

The theoretical basis for the transposition of the pressure time
histories measured in the Karlstein tests to the SSES suppression
pool is provided by the KWU computer codes VELPOT and KOVIBlAa

By using the test results from the PPEL quencher tests in

Karlstein, the GKM quencher tests, and the non-nuclear hot tests
in the Brunsbuttel nuclear power plant (KKB hot tests), we shall
first confirm experimentally the correctness of the transposition

¢
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theory. That is followed by a calculation of the frequencies for
the following three blowdown cases:

{1) Simultaneous blowdown of all 16 quenchers

{2) Simultaneous blowdown of the 6 quenchers related to the
automatic depressurization system (ADS)

(3) Blowdown of one outer quencher

For each case, a comparison of the theoretically calculated
frequencies with the frequencies measured in the test stand)
provides a number (frequency multiplier) by which a frequency
measured in the test stand must be multiplied in order to get the
corresponding frequency in the SSES suppression pool.

A factor for the influence of the suppression pool overpressure
is also determined in the same way. The corresponding measured
pressure time history is transposed to the plant by dxvxdlng by
this factor .

8.5-3.3.1.1 Calculation of Measured Oscillation_ Frequencies

8-5-.3.3.1.1.1 PPGL.Tests at_Karlstein

Since it was found that Fluid-Structure Interaction in the
Karlstein test tank has no significant influence on the measured
pressure time histories, it is sufficient to carry out the
analysis for a rigid tank. The comparison of calculated and
measured oscillation frequencies will be based on’'the assumption
of equal bubble volumes. The measured oscillation frequencies
are taken from Tables 8.9 and 8.10 . The associated bubble
volumes were calculated from the test data, using the formula:

VB = Vpipe [Poipe = € Psar Tpipe) 1 Tpool
[Ph - Psat (Tpool) ] Tpipe
Vplpe free pipe volume (m3)
plpe pressure in pipe (bar)
Ph hydrostatic pressure at the quencher location (bar)
Psat saturation steam pressure (bar)
relative humidity (e = 1 at 100%)

pool water temperature (°C)

p1pe mean temperature in pipe (°C)
The averaging of the temperature in the pipe is performed by
using the formula
N
1 = L z

1

HPA
| o

N .
Tpipe i
where the pipe was divided into N equal sections. The

temperature T; in the i th section was obtained by interpolation
between the méasured temperatures.
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The comparison between the measured and calculated bubble
frequency is shown in Figures 8-168 and 8-169 in which the bubble
pulsation frequency is plotted versus the equilibrium volunme at
static pressure. For the measurement points in Figure 8-168 it
was assumed that dry air was in the pipe prior to the test start,
while wet air (1002 humidity) was assumed in Figure 8-169. In
. general, good agreement is found between the theory and measured
frequency. However, we cannot overlook the fact that the
measured frequencies in figure 8-168) are higher than the
calculated ones, especially for small bubble volumes. This may
be related to the fact that the active volume of air under water
is actually smaller than the volume found for dry air from the
test data. This is hinted at by the calculation of the bubble
volume under the assumption of 100X humidity in the pipe. There
the measurement points are closer to the calculated curve (Figure
8.169). In order to keep the uncertainties associated with such
effects as small as possible, only tests for which the initial
pipe temperature was below 70°C were chosen for the comparison
with the theoretical case.

8.5.3.3.1.1.2 _GKM Model Quencher_ Tests

Another sorce used to verify the theory is offered by the GKM
quencher tests (Ref. 1l). Since the pipe temperatures there were
in the vicinity of 30°C or below, uncertainties in the bubble
-volume under water are distinctly smaller than in the Karlstein
tests. In addition, the GKM tests were also run with
backpressure in the suppression chamber, so that information
derived from the computer codes for blowdown of the quencher
during a loss—of-coolant accident can also be verified. The
results can be found in Figures 8-170 and 8-171. Figure 8-170
shovws the calculated and measured dependence of the pulsation
frequency on the bubble volume for various submergences (2 m, 4 n
and 6 m) with atmospheric pressure in the suppression chamber.
The theory and measured frequency agree even better here than in
the Karlstein quencher tests. This is probably due to the fact
that the bubble volumes determined from the measurement values
have a much smaller scatter due to the low temperatures in the
pipe. The influence of backpressure on the pulsation fregquency
is shown in Figure 8-171. Here again, the theory is verified by
the test data.

8.5.3.3.1.1.3__ KKB_Hot_ Tests

In order to demonstrate the correctness of the theory for in-
plant conditions also, calculations were performed for the
blowdown tests with one valve in the non—nuclear hot tests in the
Brunsbuttel BWR plant (Ref. 3). FPigure 8-172 shows the results.
The agreement between the calculated and measured frequency is
similar to that in the Karlstein tests. The same is true for the
scatter range of the measurement values. Since the pipe
temperature here was at about 90°C, a larger scatter actually
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wvould have been expected, but did not occur because the pipe was
carefully flushed with air prior to the beginning of these tests.

825.3-3.1.1.4 Conclusion_from the Frequency Calculations

The test calculations described above show that the theory
(VELPOT and KOVIBlA computer programs) describes the measured
frequencies not only in one special case, but also for a broad
range of geometries and backpressure:

(1) The size of the water space varies from approximately 7 m2
(GKM) to approximately 23 m2 (test tank at Karlstein) to
approximately 400 m2 (suppression chamber in Bruansbuttel
nuclear power plant).

(2) The quencher submergence ranged from approximately 2 m to
6 m.

(3) The bubble equilibrium volume varied between approximately
0.15 m3 to 3.7 m3.

{4) The suppression chamber pressure varied from 1 bar to 3 bar.

(5) The vater temperature in the suppression pool varied between
approximatley 16°C to 80°cC.

Thus, - the theory can be considered verified and can be used to
transpose the pulsaticn frequencies measured in the Karlstein
test stand to the SSES suppression pool.

8.5-3-3.2_ _Multipliers_for Conversion_of the_ Bubble Frequencies
from_ the_Test Stand to SSES

Using the VELPOT and KOVIBlA computer codes, the following three
blowdown cases are analyzed:

(1) "Sinultaneous blowdown of all 16 quenchers

(2) Simultaneous blowdown of the quenchers A, B, G, K, M, P which
are included in the ADS

{(3) Blowdown of one gquencher (quencher B)

The results are illustrated in Figure 8-173 which shows the
pulsation frequency as a function of bubble volume (bubble in
hydrostatic equilibrium). The behavior of the frequency curve
for the l6-quencher case in the plant is practically the same as
for the test stand (Figure 168) , thereby confirming once again
the suitability of the test stand geometry that was chosen. 1In
the case of the 6 quenchers in the ADS case, the frequencies are
higher due to the larger single cell corresponding to the smaller
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3

hydrodynamic bubble mass. They are even higher in the case of
one quencher. :

Based on the results shown in Figures 8-168 and.8-173, a simple
formula can be given for converting from the measured bubble
frequencies to these frequencies found in the plant by asking:

By what factor ("multiplier") nust a bubble frequency measured in
the test stand be multiplied to get a corresponding frequency in
the plant? This multiplier is plotted in Figure 8-174 versus the
(neasured) starting frequency. Thus, we have:

vplant = fv (Vtest

) .

Vtest

in which the multiplier £, for a given initial frequency can be
read off from Figure 8-17%.

The graph in Figure 8-173 is applicable only for cases with a
pressure of 1 bar in the suppression pool air space. Howvever,
the blowdown for the ADS case during a loss—-of-coolant accident
is associated with a suppresson pool overpressure.

P vk > 1 bar
An additional multiplier fpyy (pxgx) is necessary for such cases,
so that the frequency conversion must be written in a more
general manners:

£, (P £

Vplant = Pry kk) £, te§t) -V

test

The multiplier fpgg (Pgx) can be taken from Figure 8-175. For a
suppression chamber pressure of ) bar, it has the a value of 1,
as it must be.

The multipliers for the frequency also fix the multipliers for
the oscillation period when transposing the pressure time
histories measured in the test stand to the plant:

ttest

t =
plant f (P
kk

£V

kk) v test)

8.5.3.3.3 __Transposition_ Method for the Pressure_ Amplitudes

As already described in detail in Section 8.5.1, the test stand
was so designed and the pressure transducers were so arranged
that the measured pressure amplitudes can be transposed to the
plant without change. Correspondingly, a 1l:1 transposition is
made. Because of its obvious conservativeness, such a 1l:1
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anplitude transpositiocn offers the advantage that more exact
quantitative proofs do not have to be provided. The nmost
significant conservative features are the following:

(1) In blowdown cases with several quenchers, it is assumed that
all bubbles are equally large and oscillate in phase.
Deviations from this assunmption (such as actually occur in
the plant) result only in lover pressure amplitudes.

(2) Blowdown cases with less than 16 quenchers are assigned the
same pessure amplitude as the l6-quencher case. In reality,
such cases have a lower amplitude due to the geometry (larger
single cell).

The conservativeness described in (1) has not yet been proven
experimentally in any quencher tests, but it is already obvious
from a theoretical viewpoint, since a time-shifted superposition
of two temporal maxima always yields smaller values than an
addition of the maximum values.

Concerning the conservativeness of (2), there are a number
qualitative indications from the Karlstein tests themselves, fron
corresponding model studies at the Karlstein model test stand
(Ref. 1), and from calculations with the VELPOT and KOVIBlA
programs. The information obtained from all three of these
investigations shall be described in the following sections.

In addition, we will also examine whether the conservative
features are affected by a possible backpressure in the
suppression pool air space.

8-.5.3.3.3-.1__PPE&L_Quencher Tests_at Karlstein

Indications of the conservativeness discussed in (2) above are
obtained from the Karlstein tests on the basis of Figure 8-176
vhich illustrates the measured relationship between excitation
(relative amplitude) and pressure -oscillation frequency for the
Karlstein tests.

The frequency analysis for each pressure time history has at
least tvwo maxima of the power density. One power density maximum
lies at low frequencxes and the other at somewhat higher
frequencies. There is a factor of approximately two between the
two freqeuncies. The first peak of the power density (low
frequency). is always larger than the second peak of the power
density (higher frequency). Accordingly, the low frequency is
alvays designated as the dominant frequency

For pressure transducer P5.10, the power densities of all
analyzed tests are evaluated in Figure 8-176. Different analysis
times were selected for tests having different pressure ‘
oscillation freguencies. The time was so chosen that
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approximately the same  oscillation periods could alvays be
evaluated. .

The following analysis times were selected for the evaluation:

3 Hz Time: O - 1.8 seconds
5.Hz Time: 0 - 1.3 seconds
9 Hz Time: 0 - 0.6 seconds

The area beneath the frequency spectrum was determined and then
the square root of that numerical value was taken. That results
in values having the dimension "bar%.

Those numerical values were normalized to the maximum value.

The results are then "rélative pressures" with respect to the
calculated maximum pressure from the frequency spectra.

Since no dominant frequencies higher than 6.5 Hz were measured in
the Karlstein tests, the second peaks were also used to evaluate
the higher frequencies. Hence, the pover densities of both the
dominant frequency and the next higher frequency are evaluated in
Figure 8-176.

Based on an empirical evaluation, it follows from Figure 8-176
that the pressure oscillations with higher frequencies have
smaller energy content than the pressure oscillations with lower
frequencies.

In addition, as shown in Figure 8-169, the bubble frequency
increases with decreasing bubble volume. But decreasing bubble
volume with constant single-cell size means, according to the
laws of similarity, the same thing as increasing the cell size
with constant bubble volume. Therefore, from the Karlstein test
data, it can be said that the pressure amplitudes decrease Hlth
increasing cell size.

8.5.3-3.3-2__KHU Quencher_ Tests in_the Model_ Test_ Stand_in
Karlstein

During the development of the KWU quencher, tests were performed,
to examine the influence of the size of the water space
(specifically: free water surface) in the model test stand in
Karlstein (Ref. 1l). The results are illustrated in Figure 8-177,
which vas taken from Refence 1. It shows directly how the bottom
pressure amplitudes decrease with increasing size of the water
space (single cell).

8.5-3.3.3-3__Analytical Calculations

The conservativeness described in (2) above is also confirmed
from results of calculations with the VELPOT and KOVIBIlA
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programs. As for the frequency conversion, appropriate
multipliers can be determined also for the conversion of the
pressure amplitudes from the test stand to the plant. They
depend on the influence of the water space on the stationary
velocity potential (spatial pressure distribution normalized to
unit source strength) and on the hydrodynamic source strength
associated with the bubble dynamics. The source strength itself
is dependent in turn on the pressure in the bubble, which is
determined by the interplay of bubble volume and air supply into
the bubble. Since the air supply varies according to the
different operating conditions during the blowdown, only a
conservative estimate can be given within the framework of the
present investigations.

The conversion from test stand to the plant for one quencher may
serve as an example here. We obtain for the bottom pressure
beneath the quencher:

(1 quencher) <0.7 Ptes

Pplant t

as upper value.

8.5.3-3.3.4_ Influence_of Backpressure on_the Pressure Amplitudes

As for the bubble:oscillation frequency, the question of the
effect of backpressure in the suppression pool air space must be
investigated.

Figure 8-178 shows the bottom pressure amplitudes measured in the
GKM model quencher tests for a suppression pool air space
pressures of 1 and 3 bar. As can be seen, the pressure
amplitudes do not depend on the suppression pool air space
pressure.

8.5.3.3.4 _Verification_of Design Specification

In the transposition of the pressure oscillations measured in
Karlstein to the SSES, the extremely conservative assumption that
the same pressure time histories are acting at all guenchers
simultaneously is used. Differences in the pressure time
histories originating from the different discharge lines are
neglected. Therefore, each measured pressure oscillation in the
Karlstein vent clearing tests is a representative containment
Joad for all load cases:

symmetrical load case (simultaneous response of all .

16 SRV's

unsymmetrical load case (response of one or three
adjacent SRV's

automatic depressurization in loss—-of-coclant accident
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A transposition of the measurement results to the plant is
performed for these load cases.

The Karlstein test tank forms a conservative single cell.
Therefore, conservative enveloping pressure amplitudes were
measured in that test stand. When transposing the pressure
oscillations from the single cell to the plant, there is an
increase of the pressure oscillation frequencies as discussed in
Section 8.5.3.3.2. As stated previously, the increase of the
pressure oscillation frequencies is accompanied by a decrease of
the amplitudes. The decrease of the amplitudes is neglected for
this evaluation. The amplitudes of the measured pressure
oscillations remain constant for all frequencies. That is an
additional conservative feature, as already discussed in Section
Be5.3.3.3.

8.5.3-3.4.1_ _Frequency Analyses of Selected Tests

The pressure time histories for selected Karlstein tests are
illustrated in Figures 8-41 to 8-65.

The freqeuncy analyses were carried out with the Pourier Analyzer
5451 made by Hewlett Packard. '

The frequency analyses were generated as power spectral
densities. The frequencies at which a structure is excited into
oscillation can be read off from the power spectral densities.

Fteqéuncy analyses were performed for pressure transducers P5.2,
P5.4, P5.5, and P5.10 and for the following tests:

21.2, 25.R2.

Pressure oscillations at both the wall and the bottom are
considered in the fregeuncy analyses. Also considered was the
frequency analysis for pressure transducer P5.5, which shows the
“"local effectt.

The limitation of the measured frequencies of the pressure
oscillations was determinative in selecting the tests to be
analyzed. The tests selected vwere those which exhibited pressure
amplitudes 20.3 bar both at low frequency and also at higher
frequencies.

The fréquency spectra for several Karlstein tests are illustrated
in Figures 8-179 to 8-182 for pressure transducers P5.10 and

The frequency spectra for two tests with the long discharge line
and lovered water level are shown in Pigure 8-179. The principal
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frequency of the pressure oscillations is at 2-3 Hz for these
tests.

They are the lowest pressure oscillation frequencies that were
measured in the Karlstein tests.

Pigure 8-180 shows the diffefence“in the pressure oscillation
frequencies from clean~condition tests to real-condition and/or
multiple-actuation tests for the long line.

The pressure oscillations have a principal freqeuncy of 3.5 Hz in
test 4.1l.1 (clean condition) and 5 Hz in test 4.l1.6 (real
condition). For the short discharge line, the frequency shifts
from clean to real condition are illustrated in Figure 8-181 for
tests 21.1 and 21.2. The result for the short line is:

clean condition: pressure oscillation frequency 5 Hz
real condition: pressure oscillation frequency 6.5 Hz

The following can be said about the measured principal
frequencies for the Karlstein tests:

l) The lowest pressure oscillation frequency was measured in the
tests with the long line and a discharge line water level
lowered to 2.5 m above the middle of the quencher. It was
2.0 - 3 Hz.

/
2) For the clean-condition tests, pressure oscillation 0
frequencies of 3.5 - 4 Hz were measured with the long
discharge line.

3) For the clean-condition tests, pressure oscillation
frequencies of 4.5 - 5 Hz were measured with the short
discharge line. :

4) The highest frequency for the Karlstein tests was measured
for the real-condition and/or multiple-actuation tests. The
measured frequencies were 6 - 6.5 Hz.

Pigure 8-183 shows frequency analyses for different pressure
transducers for one test. -

P 5.2 - sits on the bottom beneath the middle of a guencher arm.

P 5.4 - is mounted on the concrete wall at the intersection of
- wall and botton.

‘P 5.10 - sits on the concrete wall opposite the center point of
the ball of the quencher.

The frequency spectra of the pressure transducers all display a
power maximum at the same frequency (3 Hz). Therefore, the 0
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location of the measurement and the structure of the mounting
position in the water region of the Karlstein test staad have no
influence on the measured frequency of the pressure oscillations.

8.5.3.3.4.2 Shifting of the PSD's_in_the Transposition from_ the
Test Stand to SSES

The comparison of the pressure time histories measured in the
Karlstein quencher tests with the pressure time histories
specified in Section 4.1l.3 is accomplished by using the fregquency
pover spectra.

The frequency spectra of the KKB traces forming the basis of the
specification in Section 4.1.3 and are illustrated in Figures 4-
31 to 4-33.

The specified pressure oscillations have their dominant frequency
in the range of 6.5 - 8 Hz.

To cover the pressure oscillation frequencies for SSES, the
following rule for treatment of the traces was given:

The three traces should be time-expanded by a factor in
the range from 0.9 to l1l.8. - ’

The pressure amplitudes should be multiplied by a factor
of 1l.5.

To be able to make a comparison with the measured pressure
oscillations, it is necessary that the frequency spectra of the
three traces be shifted in frequency and stretched in amplitude.
In this Section, we illustrate a method by which those operations
on the frequency spectra can be perfornmed.

8.5.3-3.4.2.1__Prequency shift

The amplitudes are preserved in the frequency shift. To ensure
that, the area under the power spectrum must be held constant.
Since the analysis time range for the frequency analysis is
finite, it must be made certain that the comparison involves only
spectra in which approximately the same number of oscillation
periods were analyzed. The traces are expanded or compressed by
the factor f,, while keeping the zero point fixed.

Let us designate the expanded or compressed frequency by f' and
the original frequency by f.

A power spectrum can always be subdivided approximately into
triangles whose base is the frequency and whose altitude is the
power density. In the original spectrum, the area beneath a
triangle is: £ - f

A = 5 . h
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For the new frequency: .

' = £, x 03
' e 4
£, = fy x 1
f, : £,
Therefore, we have for the new area: ' z
f'_l
Al = 2 fl e
2
But since A' = A,
h = £ h h* = h
fv

The power density of the shifted spectrum is inversely
proportional to the frequency multiplier.

In this definition, the frequency multipliers are to be taken
from Section 4.1.3. From the factor 1.8 we get fy = 1/1.8 and
from the factor 0.9 ve get £;=1/0.9. If the frequency is
reduced to half, the power density is doubled.

8-.5.3.3.4.2.2 Amplitude_ Stretching

The following relation prevails between the amplitude of a load-
vs.—time function and the power demnsity:

. )
a =1cd§' A £ k = correction factor

.

For the stretched amplitude, we have a' = £ a. The relation
between power density and amplitude is preserved by the
stretching, so that the same correction factor is also valid
after the stretching. Therefore:

h!'
' = ﬂ_ 1
a' = k > Af

4

and thus:

a
L= h 1
l_ = = [n v o e 2
' LLEN > = f" " . h
a h' ? £, o h a
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The power density ratio in the amplitude stretching is
proportional to the square of* the amplitude multiplier.

8.5.3.3.4.3 Symmetrical Load Case {Simultaneous_Blowdown_of_all
16_SRV's) )

All the Karlstein clean-condition and real-condition tests are
used to evaluate this load case. The multiple actuation tests
are considered as irrelevant to the plant for this load case.

The one exception is the 10th blowdown test of an entire multiple
actuation test with the short discharge line. Those tests are
started 10 minutes after completion of the 9th blowdown test.
They are thus subject to the same conditions as the real-
condition tests. Accordingly, the 10th blowdown tests of a
multiple actuation test with the short discharge line are treated
as real-condition tests.

The test tank in Karlstein represents the smallest single cell
with respect to the water space. That means that the maximunm
possible pressure amplitudes for SSES were measured.

According to Section 8.5.3.2, the measured pressure amplitudes
are covered by the specification.

For this load case, the measured frequencies of the pressure
oscillations can also be transposed directly from the Karlstein
test stand to SSES (see Section 8.5.3.2).

Thus, all the pressure time history can be transposed directly
from the test stand to SSES. In order to show that the measured
time histories are also enveloped by the specification, the
frequency spectra of the measured pressure oscillations are
compared with the frequency spectra of the specified traces.
Since the measured frequencies differ from.the frequencies of the
specified traces, the spectra must be treated by the method
illustrated in Section 8.5.3.3.4.2 and brought into coincidence
at the dominant frequency.

The pressure oscillations measured at pressure transducer P 5.2
are used for this comparison, since, the pressure transducer P5.2
exhibits the highest power spectrum of all the pressure
transducers that are useable for the overall loading of the
containment {(P5.5 is not considered - see Section 8.5.3.1).
Pressure transducer P 5.2 is mounted on the bottom of the test
tank, directly beneath a quencher arm. That position is also
present in SSES. Therefore, this pressure transducer measures
pressure oscillations having the greatest relevance to SSES.
Furthernore, the specified traces are also results of a
measurement made with a bottom pressure transducer whose location
was similar to that of P5.2.
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The comparison of the frequency power spectra is shown in Figures
8-184 to 8-188. »

We see that the frequency spectra of the KKB traces, which were
frequency—-shifted and amplitude-stretched as described in Section
8.5.3.3.4.2 envelop the frequency spectra of the measured
pressure oscillations.

Theréfore, it can be stated that:

a) the Karlstein measurement results are conservative for the
load case of simultaneous clearing of all 16 quenchers
{single-cell effect);

b) for this load case, the pressure oscillations are enveioped
by the specification with respect to their amplitude, their
frequency power spectra, and their spatial distribution.

8.5.3.3.4.4 Unsymmetrical Load Case (Blowdown Via One SRYV)

For this load case, all determinative parameters, except for the. -
water surface area, were simulated in the Karlstein test stand
according to their actual values for SSES.

For the load case of vent clearing with one guencher, a larger
water surface area is available to the guencher in SSES than in
the test in the Karlstein test stand. . ”

Accordingly, the pressure oscillation frequencies are raised and
the pressure amplitudes are lowered. In this verification, we
conservatively make no allowance for the amplitude decrease with
increasing water surface area.

The frequencies calculated according to Section 8.5.3.3.2 for the
load case of blowdown via one SRV are compiled in the following
table-

Frgquency of the pressuré oscillations (Hz)
Measured| Frequency Plant - Specified
multiplier frequency.
band
gug CLEAN CONDITIONS 3.5-4 1.54-1.48 5.4-5.9
ord
5| REAL conpITIONS| 5 1.42 7.1
- - 3;75-8 09
CLEAN CONDITIONS 5 1.42 . 7.1
4P
§ % REAL CONDITIONS 6.5 1.37 8.9
0~
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The ‘frequencies transposed to the plant are all enveloped by the
specified frequency band.

For the load case of vent clearing of one quencher, the multiple
actuation tests must also be considered (they were included under
"real conditions'" in the Table above).

For the load case of simultaneous blowdown of 16 quenchers, it
was shown that the measured power spectra are enveloped by the
specified power spectra. That statement applies for all
frequency ranges. If two power spectra are brought into
coincidence .at one frequency and if both spectra are subjected to
the same frequency shift, then there is no change in the relation
of the twvo spectra to each other.

Therefore, the power spectra of the clean-condition and real-
condition tests are also covered by the specification in the load
case of vent clearing of one quencher, since, as stated above,
the transposed fregquencies from the test are all enveloped by the
specification frequency range.

For the multiple actuation tests, test #4.1l.6 is considered to be
enveloping for the long discharge line, since it provided the
highest pressure amplitudes.

For the short discharge line, test 20.R1.10 (vhich formally can
be classified as a multiple actuation test) is considered to be
enveloping for the same reason.. Classified as a real-condition
test, it was shown in the preceding Section that the specified
traces envelop the pressure time histories for that test.

In Pigure 8-189 it is shown that the pover spectrum of test 4.1.6
is also enveloped by the specified KKB traces.

Even under the very conservative assumption that the pressure
anmplitudes measured in Karlstein can be transferred without

change for the load case of vent clearing of one quencher, the
pressure time histories are enveloped by the specified traces.

8-5.3-3.4.5_ _Unsymmetrical Load Case_(Blowdown_via Three Adjacent
SRV!s)

This load case is bounded by the load cases of simultaneous vent
clearing of 16 quenchers and vent clearing of one quencher.

8.5.3.3.4.6_ _Automatic Depressurization System_(ADS) Load_cCase

In this section we discuss the load case that considers the
firing of the six quenchers associated with the ADS under LOCA
conditions.
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As shown in Figure 8-190, the following conditions prevail in the
suppression chamber when the automatic depressurization system is
actuated during IBA:

Absolute pressure in the wetwell air space,

approximately 2.55 bar
Pressure difference between dryvell
‘and suppression chamber . 0.42 bar

The Karlstein tests with lowered water level in the discharge
line are used to verify the ADS case. These tests are used as
they correctly simulate the discharge line as it would be with a
positive pressure differential of approximately 0.42 bar in the
drywell. This positive pressure differential would result in the
lovering of the water level in the discharge line to the
elevation of the bottom of the downcomers as was simulated for
tests 10.3, 1l1.1, 12.1 and 13.1l. Of those tests, the test 1ll.l1
(enveloping in amplitude and power density) is used as the basis
for the verification.

The amplitude-reducing influence of the larger water surface area
assigned to the individual quencher in the ADS case is
conservatively neglected. )

Also, since earlier KWU tests proved that the backpressure in the
suppression chamber has no influence on the pressure amplitudes,
the measured pressure amplitudes are taken unaltered from the
corresponding Karlstein tests, in which the measurements were
made at atmospheric pressure.

The predominant frequency in test 1l.1 is at 3 Hz. According to
Section 8.5.3.3.2, Figures 8-174 and 8-175, the following
frequency multipliers are obtained for the ADS case for
transposition of the pressure oscillations from test 1l.1 to the
plant:

Influence of the larger water surface area

1.35
Influence of the 2.55 bar backpressure - lelt
Total frequency factor 1.9
Dominant frequency 5.7 Hz

Note:

The measured lowest dominant pressure oscillation frequency
was measured in tests 12.1 and 13.1l, which fall into the same
category as test 1l.l. With the total multiplier 1.9, the
frequencies are raised to 3.8 Hz and thus lie within the
specified frequency band (see Section 8.5.3.3.5).

The dominant freguency is within the specified frequency band.
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The comparison between the prepared trace from pressure
transducer P5.2 for test 1ll.1l and the specification is shown in
Figure 8-191. As for the other load cases, the comparison is
made in the power spectra of the pressure time histories. The
spectrum of test 1l.1l was shifted from the dominant frequency of
3 Hz to the dominant freqgeuncy of 5.7 Hz while preserving the
area (amplitude).

The KKB trace of test 76 was shifted from 8 Hz to 5.7 Hz while
preserving the area, and then stretched by a factor of 1.5 in
amplitude. Figure 8-191 shows that the trace from the
specification, treated in this manner, envelops the trace of
Karlstein test l1l.l transformerd to the ADS case since the total
energy represented by the area under the power spectrum curve
from the specification is greater than that from the Karlstein
test 1ll.1l.

8-5.3-3.4.7 _Summary

It has been demonstrated that the frequency power spectrum of the
pressure oscillations in the suppression chamber are enveloped by
the frequency power spectrum specified in Section 4.1.3 for all
load cases. Thus, the design specification provides enveloping
loads also for the dynamic excitation of the SSES containment by
vent clearing of the relief system with the quencher.

8.5.3.3.5__Evaluation of the Measured Pressure 0Oscillations
During_Condensation .

As discussed inMSection 8.4.2, three regimes can be distinguised
in the condensation process:

a) The quencher is cleared continually.
b) The quencher is not cleared continually.

c) Only the sliding joint is cleared, and the steam condenses in
the discharge line.

8.5.3.3.5.1 The_Quencher_ is_Cleared Continually

The steam is condensed continually in the water pool outside the
-quencher. Calm condensation prevails for cold water and also for
hot water in the blowdown tank (see Figures 8-78 and 8-79).

The measured .maximum pressure amplitude is +0.13 bar. This
condensation phase was measured for reactor pressures up to about
4 bar. The frequencies of the pressure oscillations are 70-120
Hz for a cold pool and 20-45 Hz for a hot pool.
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8.5.3.3.5.2 The Quencher_is not Cleared_ Continually

This condensaton phase begins when the condensation rate outside
the quencher is greater than the steam mass flow through the
line. The pressure in the quencher drops below the hydrostatic
pressure of the surrounding water. The water penetrates into the
quencher. The condensation surface area is thereby decreased and
so is the condensation rate. The result is a pressure rise in
the dlscharge line, so that the vater that has flowed in is
expelled again.

The inflow of water from the suppression chamber into the
quencher and the subsequent braking and re-expulsion of the water
is a nonstationary process which occurs periodically.

' For that reason, this condensation phase is also called
intermittent condensation.

The phenomenon of intermittent condensaton is dependent on the
water temperature. For cold water there is a higher rate of
condensation outside the quencher, resulting in a larger
generatlon of negative pressure inside the quencher and therefore
a more vigorous flow of water 1nto the quencher.

For a cold water pool, the profile of the dynamic pressures is
similar to the profile which is familiar from the chugging phase
of the condensation at the vent pipes; see FPigure 8-76.

For heated water in the suppression chamber, the condensation
rate outside the . quencher is smaller, so that the
entire process takes on the form of a low-frequency pressure
oscillation (See Figure 8-80).

The tests in Karlstein yielded as maximum measurement result for
the dynamic pressure: + 0.28, — 0.18 bar, for a cold pool. The
time between two events is about 1.0 second. Por a heated pool,
the measured maximum amplitude is +0.12, - 0.07, bar.

8.5-.3-.3.5.3_ _Condensation_in_the_Discharge_Line_and_Thru_the
Sliding_Joint

If the steam flow decreases further, a condition is finally
reached in which the quencher is no longer cleared, but rather
remains continually filled with water. Then there is steady-
state condensation of steam inside the discharge line. This
condensation phase proceeds very calmly and begins at reactor
pressures below 2 bar.

In this condensation phase, maximum dynamic pressures of +0.08, - °

0.04 bar were measured in tbe water pool during the Karlstein
tests.
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8.5.3.3.5.4 Transposition of the Measurement Results to SSES

In regard to steam condensation, the conditions of the Karlstein
test stand are direclty transposable to the conditions of SSES.
On the whole, the pressure amplitudes during condensation are
small compared to those during vent clearing and therefore are
covered by the latter.

8.5.4_ Pool Mixing During_ SRV_Actuation_and_ Thermal Performance
of the Quencher

8.5.4.1 Introduction

When an SRV responds, steam is condensed in the water of the
suppression pool via a quencher. As this happens, the water must
absorb the heat of vaporization of the steam, and so it is
heated. When there is a long-lasting discharge of steam via a
guencher, all the water in the suppression chamber should
particpate in the heating, so as to limit the local heating in
the vicinity of the discharging gquencher.

In order to obtain good mixing of the hotter and colder water in
the pool, all quenchers are positioned at a small distance from
the bottom (3'6" = 1.07 m) (see Figure 8-192)). The water heated
near a quencher is specifically lighter than the colder water
lying above it. Therefore, the warmer water will rise and mix
with the colder water.

To obtain an additional mixing effect, the hole occupancy of the
quenchers were made slightly unsymmetrical (approximately 8%).
Whereas the quencher arms have the same hole occupancies on the
sides, only one arm of each quencher has holes on the end cap.
In that way, a unilateral thrust can bhe exerted on the water in
the suppression pool.

In the top view of the quencher arrangement (Figure 8-193), we
see that the quenchers are arranged in two graduated circles.
Along the inner graduated circle, the quencher arms all point in
the circumferential direction, and the end cap with holes all
point in the same circumferential direction. On the outer
graduated circle, the columns would practically prevent a thrust
effect if the quenchers were arranged in the same manner.
Therefore, the guenchers were directed more radially, but turned
by an angle of g = 30° in the circumferential direction from the
radii. In this way, 50% of the thrust still acts in the
circumferential direction (equidirectionally with the thrust of
the quenchers on the inner graduated circle). It should be noted
that this new arrangement supersedes the original arrangement
shown in Figure 1l-U4.

In the following, we shall estimate the acceleration of the water
pool for the case in which one quencher on the outer graduated
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circle is operated for a long period of time at a reactor
pressure of 70 bar (valve failure in open position). Then we
shall present some measurement results from a test with a U-arm
quencher in the Brunsbuttel nuclear power plant and some
information from the GKM Model quencher tests related to steam
condensation with a guencher. -

8.5.4.2 Equation_ of Motion_of the Rotating Fool

It is assumed that the water flow in the rotating pool can be
considered as a straight—line channel flow due to the small
curvature of the graduated circle and the low c1rcumferent1al
velocity.

If we place the origin of the coordinate system at the center of
the discharging quencher, then the equation of motion of the
rotating pool reads:

. -~ § 5.2
o, X + c, 7 X Feff
mw = mass of water to be accelerated in the suppression chamber
cw = sum of all flow resistances
= effective driving force
eff 9=

This differential equation has the general form:
%+ ax® = b
Substituting X = u, - the differential equation takes the form:

1 + au2 = b

This differential equation is a special form of the Riccati
differential equation .

The general solution of the differential equations reads Ref. 53:

nda . b +bTanh Na . b (t = &)
Na.b + a.n- Tanhaa * b (t- €)

u (t, § n) =

The initial condition for ¢t = 0 reads:

L“(Oagsn) =0 0=_0 /a*b + b *Tanh /a*b (-£)

/2°b = a + n *Tanh/a*b (-E)
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0 This conditional equaf:ion is satisfied only if § and n =.0.

The initial condition then leads to the solution:

b . TanhNa . b . t

Na . b ‘

Since u(t) = X(t), the equation for the velocity of the rotating
pool reads: ‘

n (t) =

b

Na . b

x (t) = TanhNa . b ¢t

For the distance covered, we have:
x (@) =gffx(mdr

The solution reads:
X(t:)=-:'—‘ln|cosh|a.b .t ]

8.5.4.3 'Determination of the Flow Resistances

“ The following resistances are considered:
a) Wall resistance of the channel

b) Resistance for flow around the discharge lines with quenchers
and bottom support

¢) Resistance for flow around the vent pipes

d) Resistance for flow around the colunns

The channel has the following dimensions:

8840 0]
V7777777 777777777 777777777
- 26822mm: o |
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The hydraulic diameter of the channel is: »
b =7 " 2 = %S
(2x7.3 + 2

Por the Reynolds number, we have:

Re = ‘th
v

According to Reference 36, the kinematic viscosity for water at
409C is v = 0.651 x 10—-¢ m2/s. .

If we assume a velocity of 10-2 m/s so as to cover the start-up
phase also, we get:

-2
Re + .];9____"_2°§6 = 4,3;";104

- .651 x 10

The SSES suppession pool is lined with a steel liner which cannot

be considered hydraulically smooth. For such large steel

structures it must be assumed that the individual plates are not O
joined together with their edges parallel, so that the flow

resistance is increased by projecting edges. We therefore

conservatively assume an absolute roughness of k = 2 mm. Then we

have:

K 2 4

E;—- = ,8x 103 = 7.1 x10

This corresponds to a friction coefficient of A = 0.022.

The resistance coefficient is_then:

r,=A-in
dp

26.844 + 8.84

lm = D7 = > .m S56m

. (56)
T 022 73 44

Cylindrical bodies are immersed into the water of the suppression
chamnber. They are the discharge- lines with quenchers, the vent
pipes, and the steel colunmns. . .
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Outside diameter Submergence Quantity
m m
Discharge lines 0.324 7.3 16-
Vent pipes 0.61 3.35 87
Steel columns 1.06 7.3 12

"For the individual structural components, we then have the
following Reynolds number: ”

w
v = 0.01 m/s (see above) Re = ;T-da

For the roughness, we assume k = 0.2 mm. Then, according to
- Reference 39:

Reynolds ky/d Submergence C
number d
Discharge line with 5 x 103 6.17 x 10—+ 22.5 .| 0.73°
quencher with .
bottom support
Vent pipe - 9.4 x 103 6.28 x 10—+ 5.5 0.73
Colunn 1.63 x 104 1.9 x 10—+ 6.9 0.73

The resistance force is then:

. F . . P 2
W= (Ty cAy ooy o Ay Hoppe = Ay +opgt A9 T W

The surface area on which the wall resistance acts is:

2

a, = TELB . g6 n

————7r—l— )
Furthermores:

T, = 6.16 x .44 + .73 x 50 + .73 x 177.8 + .73 x 93

A, = 16x0.324x9.6 = 50 in? T, = 238n%
A, = 87 x .6Lx3.35 = 177.8 m?
- 2

A; = 12x1.06x7.3 = 93m

Since the water region of the suppression chamber also contains a
few structural components which were not considered here, an

additional allowance shall be made. We choose: . 300m2
c =
W
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8.5.4.4 Determination of the Porce Moving the Pool

Porces on the water mass in the suppression fpocl are produced by,
thrust from the boreholes on one of the end caps which are

present on each of the quenchers. The smallest thrust force is
produced by the quenchers along the outer graduated circle, since
they do not have their thrust boreholes arranged in the ’
circumferential direction.

The guenchers along the outer graduated circle are turmed by an
angle ¢ = 30° relative to the radial directiona.’

®x ri

/=30

A~

7

The thrust force results from the impulse of ‘the outflowing

stean.
F = AP:(ADU4-pD:{W x Apis ’
ADU= effective outlet area of quencher ‘
AP = difference between pressure in the quencher and ambient
pressure
Pp = density of the outflowing steanm
w)= velocity of the outflowing stean
As an effective outlet area of a quencher end cap, there is
available:
Ay = @ X Ay geom
¢, = 0.8 (Section 8,5.2.3)
2
(!.01) X TI') ) = -3 2
A“‘.i geom . 8 x ( % ) 6.9 x 10 m

A DU geom = 552 x 1073 2

A constant reactor pressure of 70 bar is chosen for the estimate
of the effectiveness of the rotating pool.

- According to Reference 37, the mass flow through the relief valve
at a reactor pressure of 70 bar is:
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m = 111 kg/s

The resulting stagnation pressure in the quencher is:

pPo = 11 bar

and the steam pressure in the quencher holes is:

pp = 6.4 bar

Therefore, Pp° = 3.4 kg/m3 Hp = 462 m/s

The force acting in the circumferential direction is then:

Fegg = Fysin ¢

Feff .= (AP + 0, + sz) A by X sin with ¢ = 30°
Therefore:

Feff = 2.0KN+1,5KN = 3.5KN

8.5.U4.5 Working Equations_for_ the Rotating Pool of SSES

The equation of motion for the rotating pool reads:

2

ey o 834
mw:<+ c., ¥ 7

w eff v

This differential equation was solved in general form in Section
8.5.“.2.

To determine the mass of water which is to be moved, we must
consider the internal structures which reduce the water mass. We
have:

2
my =y [ @e.822)” - 8.80% x .73 - Ix (.320)% x 7.3 x 16
o 2 m 2
-7 X (.61)" x 3,35 x 87 =~ T (1.06)° x 12 x 7.3]
m, = 3.5x 10° kg

For the total resistance coefficient we have according to Section

8.5.4.3:

=] _ 2
Cw = 300m

and for the effectively acting force we have according to Section
8.5.4.4:2
= 3.5 KN

Fogs
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Therefore, the equation of motion reads:

or 3.5 x 10% x X + 1.5 x 10° x X% = 3.5 x 10™°
. 2 _
Therefore, for: X+aX" =D
. 5 _
a = 4.3x10 - -3
b = 9.9 x 1074 Vo b = 6.55x 107 ¢t

The equation for the velocity of thée rotating pool reads;

! ranh 6.55 x 10”7t

X (t) = 1.52 x 10°
The equation for the displacement reads:
X(t) = 23.21n | cosh 6.55 x 107t |

The results ére illustrated in Figures 8-194 and 8-195.

8.5.4.6__Estimate of the Heating of the Suppression Chamber Water

The local heating-of the suppression chamber water results fromn
the balance of the heat brought in by the condensing steam and
. the heat dissipated by the flowing water.

As time passes, however, the pool is set into motion by the
impulse of the inflowing steam and reaches a velocity such that
most of the heat brought in is distributed over a larger volunme
of water than the assumed local volume. . The difference between
the local and mean water temperature decreases.

8.5.4.7 Experimental Proofs

8.5.4.7.1__Model Tank_Tests

Thrust measurements on a steam jet were made in the Karlstein
nodel tank in the Spring of 1973 (Ref. 40).

. The test set—-up is illustrated in Figure 8-196.

The steam pipe is connected by . a spring to the side wall of the
model tank. The excursion of the spring with the steam pipe is
measured by a displacement transducer.

The measurement system was calibrated by determining the
excursion of the steam pipe for a defined force.

The steam outlet opening had a diameter of 10 mm.-
The mass flow density was 600 to 630 kg/m3s.

The measured reaction forces were 20 - 28 N.
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A short calculation yields:

Ooutlet area 7.854 x 10—Sn2

Rest pressure before the outlet opening = 4.5 bar
Pressure after the outlet opening = 2.6 bar
Steam density (at 2.6 bar) = l.44 kg/m3
The resulting outlet velocity is:
5
_ P - 2.6 x 10
W = \]Kp = \11.135 Y
W - 452.7 w/s
and the thrust force is: wz
Fo= (oW ¢ OP) Agge
begg = 0.8x Ageom

LF = (L4 x (452.72)% 4 1.6 x 10°) x 0.8 x 7.854 x 107

F = 28,4 N
The measured values are lower than the calculated values.

The measurements have proved clearly that the impulse of the
emerging steam jet becomes active as a thrust and that, with
respect to the velocity buildup of the rotating pool (and thus
for the maximum local heating), it is conservatively bounded by
the calculated values.

8.5.4.7.2_ _KKB Test During the Nuclear Commissioning

The pressure relief system was tested during the commissioning
phase of the Brunsbuttel nuclear power plant. In one such test,
a relief valve was held open for a time of about 270 seconds.

The suppression chamber cooling system was switched on during the
test. Water was drawn off in the lower part of the pool, cooled,
and sprayed from pipes provided with holes and located under the
top of the suppression chamber.

12 measuring points are mounted in the water region of the
suppression chamber. They are arranged at three different
elevations (14 m, 16.5 m, 18.2 m) and at four different
circumnferential positions (5°, 75°, 195°, 2459). The water level
is at a height of 18.89 m.

Figure 8-197 shows a three dimensional spatial representation of
the measured temperature field in the vater just before test
start (curve 1) and at 228 seconds after test start (curve 2).

In Pigure 8-197, the vertical position _of the transducer is
represented on the ordinate and the circumferential position on
the abscissa. The temperature axis points to the rear. The
heating of the pool is indicated as the difference of curves 2
and 1 at three elevation positions. The mean water temperature
was approximately 32.3°C before the test and approximately 42.8°C
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at 228 s later.. The maximum measured temperature was 50°C, so
that the maximum deviation from the mean was 7.2°C.

The discharging quencher was located at 285° at an elevation of.
14.915 m and accelerated the water toward the left in the Figure.

Correspondingly, the .water temperature is higher above and to the
left of the quencher. From that we can see the effectiveness of
the quencher's arrangement near the bottom and of the
unsymmetrical hole arrangement with respect to uniform
utilization of the heat sink of the water pool.

8.5.4.7.3 GKM Half Scale Quencher Condensation Test

A series of intermediate scale (l:2) condensation tests were
performed in the GKM test stand to demonstrate the high
temperature performance of the quenchers(Ref. 27. Condensation
tests were run on seven different versions of the quencher
device. The last three versions had 10-mm diameter holes on the
quencher arms. The spacing of the hole centerlines was 1.5
diameters circumferentially and 5.0 diameters axially. This hole
pattern is also adopted in the actual SSES quencher design.
These tests were run at a water temperature ranging from 13°C to
100°C (56°P-212°F) and a steam mass flux (with respect to the
hole area) range of 8 to 495 kg/m2 (1.6 to 10l lbm/ft2s). HWater
temperatures as high as 107°C(225°F) were measured at certain
locations in these tests.

8-5.4.8__Summary

The Karlstein quencher tests and previous GKM half scale quencher
tests show clearly that smooth steam condensation can be achieved
at elevated temperatures which approach the local saturation
linit.

In addition the calculations and KKB. in plant tests provide
information which suggest that pool mixing is enhanced by stean
discharge through the holes in the end caps of the quencher.

8.5.5__Verification of Submerged Structures Load_Specification
Due_To SRV_Actuation

Section 4.1.3.7 gives the design specification for the loads on
submerged structures  'due to SRV actuation. The basis for the
specification is the three pressure time histories used for the
containment analysis but instead of a constant amplitude
nultiplier of 1.5 various multipliers, related to the ‘
crossectional area of the object, are used. (see Table 4-15).

The loading on the columns including the localized effect at P5.5
has been discussed in Section 8.5.3.2.1.2.
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In addition the effects of air bubble oscillation loads on the
quenchers have been discussed in Section 8.5.2.3.6.

The following section will discuss the loadings on the vent pipes -
as measured in the Karlstein test tank and provide a description
of the influence for the expelled water during vent clearing.

8.5.5. Loads on the Vent Pipe

1 L

8-5.5.1.1__Measurement of_ the Loads

In order to determine the loading of the vent pipe near a
quencher, a vent pipe having the same outside diameter and wall

thickness as that in SSES was installed in the Karlstein test

stand and supported by typical bracing. (see Figure 8-10).

Underneath the bracing, bending strains were measured in two
nutually perpendicular planes by means of strain gauges (SG 5.1
and SG 5.2) (see Figures 8-11 and 8-12). The strain gauges were
mounted about 100 mn below the bracing.

The outside diameter of the vent bipe is:

D, = 0.609 m

a

and the inside diameter is:

D, = 0.589 m

Thus, the cross—-sectional area is:

A = 0.0188 m

and the moment of resistance is:

4
D -3 3
1
T -———) = 2,77 x 10
W = 32 Da (1 D4
(o]
¥We have:
g X W's“MB = sx E x W
Therefore:

M, = 2.77 x 1073 . 10t ¢

and hence;

Mh = 0.57¢
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" If we insert € in micrometers per meter into this equation, we
obtain the bending moment in kN-nm.

The bending moments calculated in this manner are static
equivalent loads.

8.5.5.1.2_ Measured Bending_ Moments

Figures 8-198 to 8-200 show the dependence of the measured
resultant bending moments on the reactor pressure, vent clearing
pressure, and pressure oscillation amplitude that were measured
near the vent pipe on the concrete wall. ,
Only the tests with clean conditions were used for the plot of
the measured bending moments versus reactor pressure, whereas all
tests in the reactor pressure range of 60-8l1 bar were used for
the plots of the bending moment versus vent clearing pressure and
pressure oscillation amplitude.

The measurements of the bending strains at the vent pipe were
performed only for the tests with the long discharge line.

The measured maximum bending moment was
14.6 kN-m at a 74 bar reactor pressure and a
13.8 bar ventHClearing pressure.

8.5.5.1.3__Extrapolation of the Measurement Results and
Comparison_with_the Specified_Value

If the measurement values are extrapolated to the extreme
conditions in the plant on the basis of Figures 8-198 and 8-199,
we get the following extrapolated maximum values:

16.5 kN-m with respect to an 88 bar reactor pressure,

19.0 kN-m with respect to the vent clearing pressure of 16.5 bar
for the long discharge pipe, as extrapolated in Section 8.4 for
the extreme boundary conditions in the plant.

In the specification, a maxinmum pressure difference of 0.75 x 0.8
= 0.6 bar was specified for the vent pipe with the distribution
illustrated in Figure 4-24. The pressure distribution for the
vent pipe installed in the Karlstein test stand is shown in
Pigure 8-20l. The following relation applies for the pressure at
the end of a vent pipe:

AP AP
—-L—- -3 ————————— = . Ll
7.3-1.83 7.3-3.65 4P 0.4 bar
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At the clamping point of the vent strut, we have:

APO AP
7-3-1083 7.3_6-3

AP =- 0.1 bar

The pressure distribution from the end of the vent pipe to the
clamping point of the vent-pipe strut is trapezoidal.

The lever arm of the acting force with respect to the clamping
point is: .
Ool +.0.4 - 2.65 (0.4-0.1) ) _2_
LS = 1.59m -
For the bending moment at the clamping point we get:
My = (2308 265 x 0.6 x 1.50 ) 107
SP .
63 kNm

MB =

SP

Relative to the strain gauges, we have:

M =
BSp .

57 kNm

The extrapolatéd maximum moment was 19 kN-nm.

It is thus demonstrated that the specification envelops the
measurement values and their extrapolation.

The proof that the specification envelops the measurement values
_and their extrapolation is based on a purely static analysis.
Such an analysis is permissible because the exciting pressure

oscillations have a frequency of U-6

Hz. However, the strain

gauges indicate a natural oscillation frequency of 17-20 Hz for

the vent pipe which is very close to
vent in SSES (
~ assumed that the dynamic load factor

Influence_of Expelled Water

19 Hz) (see Figure 8-

the natural frequency of the
202) . Hence, it can be
is close to one.

buring Vent Clearing

A review of the high speed films and
the Karlstein tests shows negligable
vater at this gage. 1In addition the

pressure traces at P5.5 fronm
influence of the expelled
total penetration of the

expelled water appears to be approximately 3 feet for a 70 bar

initial system pressure. Therefore,

no additional loading, other

than that already included in the pressure traces will bhe

considered.
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(A time correlation of a high speed film to pressure trace at ”
P5.5 will be supplied later.)

8-5.5-3__Summary

" The loads measured on the dummy vent pipe are static equivalent
loads, but loads which are a sum of individual components. In
the specification, the transverse loads on internal structures
originating from the blowdown of the relief system are
formulated as differential pressures across the intermnal
structures. The differential pressures have the same pressure
time history as the dynamic pressures in the water region of the
suppression chamber.

This formulation of the transverse loads on the vent pipe (more
generally on the internal structures in the water region of the
suppression pool) yields the enveloping static equivalent load.
This was also verified by the KKB tests with the actual relief
system (Ref. 38). The maximum differential pressures calculated
from the measurement results are p = 0.16 bar at the quencher
arm, and p=0.11l bar at the protective pipe on the discharge line.
They are both conservatively bounded by the KKB specified value
of p=0.2 bar. The KKB test results shows that there is a clear
separation between the specified loads and the maximum measured
loads for both the lateral and vertical loads on internals in the
pool of the suppression pool.

Based on the verification of the transverse loads by the KKB ‘
tests and based on the comparison between specification and

measurement for the Karlstein tests (see Section 8.5.5.1), it can

be stated that the values formulated in the specification for the
transverse loads on internal structures in the water region yield
enveloping static equivalent loads.
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his Report contains data, descriptions and anaylsis reldtive to
the adequacy of- the Susquehanna Steam Electric Station/ﬁesign to
mmodate loads resulting from a safety reliefovalvé (SRV)
arge and/or a loss-of-coolant accident (LOCA).
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. 1.0 GENERAL INFORMATION

1.1 _PURPOSE_AND ORGANIZATION OFP_REPORT

The purpose of this report is to present evidence that the
Susguehanna Steam Electric Station (SSES) design margins are
adequate should the plant be subjected to the recently defined
thernohydrodynamic loads ‘which’ ‘result from safety relief valve
(SRV) operations and/or discharges during a loss—of—coolant
accident (LOCA)~ in a GE boiling water reactor (BWR). ’
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1.3 _OUENCHER_ DISCHARGE DEVICE

The criteria ‘used for selection of the SRV discharge device for
SSES vere pinimization of pressure oscillation loads in the
suppression pool and stable condensation of steam for the range
of suppression pool temperatures over which safety relief valves
can be expected to operate. The options considered for
satisfying .these criteria were the rams-head tee, the quencher
discharge device, and variations on these designs. Evaluation of
the tvo principal devices indicated that the quencher offered
significant advantages over the rams—head, including improved
thermal performance at higher pool operating temperatures, as
well as reduced loads.

A thermohydraulic quencher desiqn for the safety relief system of
the SSES is being enqineered by Kraftwerk Union (KWU) to satisfy
the above criteria. The SSES quencher design is different from
"that presented in the Mark II DFFR in that it has been optimized
based on parametric test studies which were conducted by KWU in
order to minimize SRV discharge loads.

Kraftwerk Union has supplied to PPEL a package of significant
design and test reports pertaining to the quencher development to
demonstrate design adequacy and gquality of their device (refer to
Table 1-1). With regard to the "second pop" phenomenon, KWU
tests have indicated that, due to the quencher flow resistance,
the water level in the SRV discharge pipe following initial
discharge does not rise above the water level of the suppression
pool. Refer to Subsection 4.1.3.6 for a further discussion.

To verify KWU's design approach, a full-scale SSES unique unit
cell test, as described in Chapter 8, is being performed by KWU
for PPEL. Section 4.1 presents the analysis methods of the SRV
dlscharqe loading.

1



1.4 MARK IY SUPPORTING PROGRAM

PPEL is a member of the Hark II owners group that was formed in
June, 1975 to define and investigate the dynamic loads due to SRV
discharge and LOCA. The Mark II owners group containment progran
concentrated initially on the tasks required for the licensing of
the lead plants (Zimmer, LaSalle, and Shoreham). This phase of
work, called the short term program, is essentlally complete (as
of January, 1978) and a lonqger term program is underway. The
final qoal of the Mark II program ‘is to evolve a complete DFFR
which will support the plant-unlque DARs subnmitted by each plant
for 1ts license to operate.

After gaining some understanding of the containment loads through
the initial Mark II work, PPEL decided to find a qualified
consultant to supplement in-house technical resources and assist
in the determination of a realistic course of action for
Susquehanna. In November, 1976, Stanford Research Institute, now
called Stanford Research Institute International (SRI), was
selected, and an information exchange between SRI and PPSL ensued
to determine what caused the greatest loads on the containment
structure. After conducting a complete review of known data from
the Mark II program and other knowledgeable persons and
organizations, PP&L and SRI decided that the loads from main
steam safety relief valve (SRV) discharge were the key loads to
be controlled. A study of possible methods of controlling the
load and a review of what activities were occurring in Europe led
PPEL and SRI to the conclusion that an SRV discharge mitigating
device {quencher) should be employed to reduce this loading on
the Susquehanna containment. Although the Hark II owners group
had quencher-related tasks in their program, these tasks were not
suﬁficientlv timely to satisfy SSES—-construction schedule needs.

From reviewing the work done in Europe by such firms as ASEATOM,
MARVIKEN, and Kraftwerk Union, PPSL discovered that all known
quencher designs were based on data from Kraftwerk Union (KWU).
Thus, in March, 1977, SRI, Bechtel (the SSES Architect/Engineer)
and PP&L visited KWU for discussion and tour of quencher-related
facilities. In late July, 1977, PP&L employed the services of
KWU to design a SSES—unique quencher device (see Section 1. 3)a

The definition of LOCA loads (Section 4.2) is in accordance with
the Mark II program. Due to the schedule restrictions for
Susquehanna. PPEL will define the thermo-hydrodynamic loads
resulting from SRV discharge using an approach developed by KHU.
This approach (presented in Section 4.1) differs from that of the
Mark II program.See Table 1l-1 for a summary of the documentation
supporting SSES licensing.

1-8
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1 5 PLANT DESCRIPTION

The SSES, Unlts 1 and 2, is being built in Salenm Township,

Luzerne .County, about 5 miles northeast of the Borough of

Berwick. Two generating units of approximately 1,100 megawatts
each are .scheduled for operation: Unit 1 for November 1, 1980,

and Unit 2 for May 1, "1982. General Electric is supplylnq the
nuclear steam supply systems; Bechtel Power Corporation lS the
architect-engineer and constructor. «

The reactor building contains the major nuclear systems and
equipment. The nuclear reactors for Units 1 and 2 are bo;lxng
vater, direct cycle types with a rated heat output of

11.2 x 10?2 Btus/hr. EBach reactor supplies 13.4 x 106 lb/hr of
steam to the tandem compound, double flow turbines.

1.5.1 ﬁrimarv Containment

The contalnment is a celnforced concrete structure consisting of
a cylindrical suppre551on chamber beneath a truncated conical
dryvell. Piqure 1-1 shows the geometry of the .containment and
internal structures. The conical portion of the primary
containment (drywell) encloses the reactor vessel, reactor
coolant recirculation loops, and associated components ‘of the
reactor coolant system. The drywell is separated from the
wetwell, ie, the pressure suppression chamber and pool, by the
dryvwell floor, also named the diaphragm slab. Hajor systems and
conmponents in the containment include the vent pipe systenm
{downcomers) connecting the drywell and wetwell, isolation
valves, vacuunmn relief system, containment cooling systems, and
other service equipment. The cone and cylinder form a
structurally inteqrated reinforced concrete vessel, linéd with
steel plate and closed at the top of the drywell with a steel
domed head. The carbon steel liner plate is anchored to the
concrete by structural steel members embedded in the concrete and
welded to-the plate.

The entire containment is structurally separated from the
surrounding reactor building except at the base foundation slab
{a reinforced concrete mat, top lined with a carbon steel liner -
plate) where a cold joint between the two adjoining foundation
slabs is provided. The containment structure dimensions and
parameters are listed in Tables 1-2 and 1-3. A detailed plant
description can he found in the SSES FSAR, Section 3.8.

1

’

1.5.1.1 Penetrations

Services and communication between the inside and outside of the
containment are made possible by penetrations through the
containment wall. The basic types of penetrations are the
dryvell head, access hatches (equipment hatches, personnél lock,
suppression chamber access hatches, CRD removal hatch),
electrical penetrations, and pipe penetrations. The piping

1-9




penetrations consist basically of a pipe with plate flange welded
to it. The plate flange. is embedded in the concrete wall and
provides an anchorage for the penetration to resist normal
operating and accident pipe reaction_ loads.

1.5.1.2 Internal Structures

The internal structures consist of reinforced concrete: and
structural steel and have the major functions of supporting and
shielding the reactor vessel, supporting the piping and
equipment, and forming the pressure suppression boundary. These
structures include’ the drywell floor (diaphragm slab), the
reactor pedestal (a concentric cylindrical reinforced concrete
shell resting onh: the containment base foundation slab and
supporting the reactor vessel), the reactor shield wall, the
‘suppression chamber columns (hollow steel pipe columns supporting
the diaphragm slab), the drywell platforms, the seismic trusses,
the quencher supports, and the reactor steam supply systenm
supports. See Fiqures 1-1 through 1-4 and Tables 1-2 and 1-3.

1-10
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SSES LICENSING BASIS

TABLE 1-1

I. .Mark II Containment - Supporting Program

A. 1OCA -~ Related Tasks

Task
Number Activity
A.l, 41" Phases I, II, IIT
A.2. Pool Swell Model Report
" A3 Iopact Tests
A4, Impact Hodel
- EPRL 1/13 Scale Tests
A.5. lLoads on Submerged
Structures
A.6, Chugging Analysis and
Testing
A7, Chugg;ng Single Vent
A.8. zrni Test Evaluation
A.9. Multivent Subscale
v Testing and "Analysis

Activity Type

Phase I Test Report

Phase 1 Application
Memorandum

Phase II & III Test Report

Phase II & II1 Application
Memorandum

Model Report

.PSTF 1/3 Scale Tests

Mark I 1/2 Scale Tests

-

PSTF 1/3 Scale Tests
Mark I 1/2 Scale Tests

EPRI Report

LOCA/RH Air Bubble Model
LOCA/RH Water Jet Model
Applications Methods
Test Reports :

Single Cell Report
4T FSI Report
Multivent Model

CREARE Report
EPRI ~ 4T Comparigson
Pacility Description and

Test Plan
Test Report

Target

Completion

Completed

Coupleted
Completed

Cozpleted
Conpleted

Completed
Completed

Conpleted
Completed

Completed
12/77
12/77

12/77
1Q/78

Completed
1/78
12/77
4Q/77

Completed

4Q/17
1979

-

Documentation

NEDO/NEDE 13442-P-0L ~ 5/76

Application Memo - 6/76
NEDO/NEDE 13468-P - 12/76

Application Memo -~ 1/77
NEDO/NEDE 21544~P - 12/76 *

NEDE 13426-P - 8/75
NEDC 20989-2P - 9/75

NEDE 13426-P - 8/75
NEDC 20989-2P - 9/75

Ne

EPRI NP~441 - 4/77

«
N

NEDE 21471
NEDE 21472
REDE 21730
Report

NEDE 23703-P-11/77
NEDE 23710-P

NEDE 21669-P
Report‘

NEDO 21667-8/77

Report .

Final Report

Used for

SSES Licensing

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes -
No '

Yes

Undecided

' Undecided . )

Undecided
Undecided

Tes
No
Ho
Ko . .

Yes

Undecided .

Undecided




Task Target Used for
Number Activity Activity Type Completion Documentation SSES Licensing
A.10. Single Vent Lateral Loads Analysis Report 4Q/77 Report Undecided.
B. SRV Related Tasks
B.1. Quencher Model DFFR Model Completed NEDO/NEDE 21061-P - 9/76 “No
Confirmatory Tests 3Q/78 Report No
B.2. Ramshead Model Analysis Completed NEDO/NEDE 21061~P - 9/76 R No
B.3. Monticello In~Plant SRV )
- Tests Preliminary Test Report Completed NEDC 21465-P - 12/76 Ko
Hydrodynamic Report Completed NEDC 21581-P ~ 8/77 No
B.4. Consecutive Actuation
Transient Analysis Analytical Models 4Q/77 Report No
B.5. SRV Quencher In-Plant
) Caorso Tests Test Plan Completed NEDM 20988 - 12/76 Yo
Advance Test Report 1Q/78 Report No
Final Report 4Q/78 Report Yo
B.6. Thermal Mixing Model Analytical Model 4Q/78 NEDC 23689 Ko
B.7. SRV Water Clearing Analysis 3Q/78 Report ‘ No
8.8.' Quencher Air Bubble
Frequency Analytical Model 4Q/77 Report No
B. % Monticello Fluid Structure
Interaction (FSI) Analysis 1Q/78 Report No
B.1l0. DFFR Ramshead Model
Comparison to Monticello .
Data Data/Model Comparison Completed NSC-GEN 0394-10/77 No
B.1l. Ramshead SRV Methodology
Sumary Analytical Methods Completed NEDO 24070-11/77 No
B.12. Structural Response to .
SRV Discharge Analytical Report 4Q/77 Report . No
B.13. = Quencher Empirical Model .
Update Analytical Model and 19/79 Report No

Correlation




Task

Number Activity
C. Miscellaneous Tasks
" c.1. DFFR, Rev. 3
c.2. Mass and Energy Release
Report
C.3. NRC Round 1 Questions
C.4. Decoupling Chugging and
SRV Loads
- Ce5. SRSS Justification
C.6. NRC Round 2 Questions
c.7. Justification of "4T"
Bounding Loads
c.8. FSI Effects in Mark II
Containments
C.9. Monitor World Tests

Activity Type
Revision

Analytical Report
DFFR Amendment 1

DFFR Amendment 1,
Supplement 1 b

SRSS Report

DFFR Amendment 2

DFFR Amendment 2,
Supplement 1

DFFR Amendment 2,
Supplement 2
Supplement 3

.

Chugging Loads Justification

Evaluation of FSI Effects

Monitoring World Pressure
Suppression Tests

II. KWU Tests and Reports (supplied to PPS&L)

Document

Number
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SSES CONTAINMENT DESIGN PARAMETERS

A.

Drywell and Suppression Chamber

Internal Design Pressure
External Desigﬁ Pressure
Drywell Floor Design
Differential Pressure
Upwgrd

Downward

Design Temperature

Drywell Free Volume (Minimum)

(including vents) .(Normal)
(Maximum)
Supbressibn Chamber Free (Minimum)
Volume (Normal)
) N (Maximum)
Suppression Chamber Water Volume (Minimum)
(Normal)
(Maximum)

Pool Cross-Section Area

. Gross (Outside Pedestal)

Total Gross (Including Pedestal Water Area)
Free (Outside Pedestal)

Total Free

TABLE 1-3

Drywell
53 psig

5 psid

340°F

239,337 ft
239,593 ft

wWww

239,850 ft>,

28 psid

28 psid

Suppression Chamber

45 psig

5 psid

220°F

148,590 ft
153,860 ft
159,130 ft

www

122,410 ft
126,980 ft
131,550 ft

www

5379 2

5679 f£t>

5065 f£r2

5365 ££2
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2.0 _SUMMARY

This Design Assessment Report contains the SSES adequacy )
evaluation for dynamic loads due to LOCA and SRV discharge.




2-1__LOAD DEFINITION SUMMARY

2.1.1  SRVY_Load Definition Summary

Hydrodynamic loads resulting from SRV actuation fall into two
distinct categories: 1loads on the SRV system itself (the
discharge line and the discharge quencher device), and the air
clearing loads on the suppression pool walls and submerged
structures. '

Loads on the SRV system during SRV actuation include loads on the
SRV piping due to effects of steady backpressure, transient wvater
slug clearing, and SRV line temperature. Determination of
loading on the gquencher body, arms, and support is based on
transients resulting from valve opening (water clearing and air
clearing), valve closing, and operation of an adjacent quencher.

Air clearing loads are examined for four loading cases: .
symmetric (all valve) SRV actuation, asymmetric SRV actuation,
single SRV actuation, and Automatic Depressurization System (ADS)
actuation. Dynamic forcing functions for loading of the
containment walls, pedestal, basemat, and submerged structures
are developed using techniques developed in Section 4.1. Toads
on the SRV system due to SRV actuation are discussed in
Subsection 4.1.2, and loads on suppression pool structures due to
SRV actuation are discussed in Subsection 4.1.3. A full scale,
unit cell test program is being employed to verify SSES unique
SRV loading as described in Chapter 8.

2:1.2 _LOCA_Load Definition Summary

The spectrum of LOCA-induced loads on the SSES containment
structure is characterized by LOCA loads associated with
poolswell, condensation oscillation and chugging loads, as well
as long term LOCA loads.

The LOCA loads associated with poolswell result from short
duration transients and include downcomer clearing loads, water
jet loads, poolswell impact and drag loads, pool fallback drag
loads, poolswell air bubble loads, and loads due to drywell and
vetvell temperature and pressure transients. Techniques used to
evaluate these loads are described in Subsection 4.2.1.

Condensation oscillations result from mixed flow (air/stean) and
pure steam flow effects in the suppression pool. Chugging loads
result from low mass flux pure steam condensation. The load
definitions for these phenomena are contained in

Subsection 4.2.2.

Long term LOCA loads result from those wetwell and drywell
pressure and temperature transients which are associated with
design basis accidents (DBA), intermediate accidents (IBA), and
small break accidents (SBA). Their load definitions are
contained in Subsection 4.2.3.
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Structures directly affected by LOCA loads include the drywell

walls and floor, wetwell walls, RPV pedestal, basemat, liner

plate, colunmns, downcomers, downcomer bracing system, quenchers, ‘I’
and wetwell piping. Their loading conditions are described in
Subsection 4.2.4.




2.2 _DESIGN ASSESSMENT SUMMARY

Design assessment of the SSES structures and components is
achieved by analyzing the response of the structures and
conponents to the load combinations explained in Chapter 5. 1In
Chapter 7, predicted stresses and responses (from the loads
defined in Chapter 4 and combined as described in Chapter 5) are
conpared with the applicable code allowable values identified in
Chapter 6; the SSES design will be assessed as adeguate by virtue
of design capabilities exceeding the stresses or responses
resulting from SRV discharge or LOCA loads.

2.2.1 Containment Structure and Reactor Building Assessment
Summary N

i

2.2.1.1 _Containment Structure Assessment _Summary

The primary containment walls, base slab, diaphragm slab, reactor
pedestal, and reactor shield are analyzed for the effects of SRV
and LOCA in accordance with Table 5-1. The ANSYS finite element
program is used for the dynamic analysis of structures.

Response spectra curves are developed at various locations within
the.containment: structure to assess the adequacy of components.,
fstress resultants due to dynamlc 1oads are .combined with other
loads in accordance with Table 5-1 to evaluate rebar and concrete
stresses.” Desigi - safety margins will are defined by comparing
the actual concrete and rebar stresses at critical sections with

WEhe code.allowable values.

2 2.1, 2 Reactor Building_ Assessment Summary

B The reactor building is assessed for the effects of SRV and LOCA

lqads in accordance with Table 5-1.

Containment basemat acceleration time histories are used to
investigate the reactor building response to the SRV and LOCA
loads. Response spectra curves at various reactor building
elevations are used to assess the adequacy of components in the
reactor building.

2.2.2__Containment Submerged_Structures_ Assessment Summary

Design assessment of the suppression chamber columns and
downcomer pipes is beinyg performed. Based upon an approximate,
equivalent static analysis carried out to date, strengthening of
these structures should not be required This conclusxon ¥ill be
confirmed when the dynamic analysis is complete.

Preliminary results from the dynamic analysis of the suppression
pool liner plate indicate that no structural modifications are
required This conclusion will be confirmed when the final
analysis is complete.

)



The original downcomer bracing has been redesigned with pipe
sections to minimize bracing drag loads due to poolswell and
fallback. The revised bracing system is designed using a
simplified equivalent static approach.

2.2.3 Piping Systems Assessment Summary

Containment and reactor building piping systems are being
desiqned to withstand the effects of LOCA and SRV induced dynamic
loads. The load combinations for piping are defined in Table 6.1
of Ref. 10.




3.1 _DESCRIPTION OF SAFETY RELIEF VALVE DISCHARGE

Susquehanna Units 1 and 2 are equipped with a safety relief
system which condenses reactor steam in a suppression chamber

pool.

By this arrangement, reactor steam is conducted to the

vetwell. via fast acting safety relief valves and guencher

equipped discharge lines.-

SRV discharge, describes the SRV discharge process, and
identifies the resultant SRV discharge actuation cases.

~

3.1.1

t

Causes of SRV Discharge

During certain reactor operating transients, the SRVs may be
actuated (by pressure, by electrical signal, or by operator
action) for rapid relief of pressure in the reactor pressure

vessel.

The following reactor operating transients have been

identified as those which may result in SRV actuation:

a.
b.
Ce
a.
Ce

‘..
Ge
h.
i
ie
ke

Turbine generator trip }with bypass or without)
Main steam line isolation valve (MSIV) closure
Loss of condenser vacuum

FPeedwater controller failure

Pressure requlator failure — open

Generator load rgjection (with and without bypass)
Loss of ac power

Loss of feedwater flow

Trip of two recirculation pumps

Recirculation flow control failure - decreasing flow

Inadvertent safety relief valve opening

4

A detailed description of these transients is provided in
Section 15.2 of the FSAR. )

3.1.2

Description of the SRV Discharée Phenoména and SRV
Loading Cases

Before
in the
in the

pool.

an individual safety relief valve opens, -the water level
discharge line is approximately equal to the water level
As a valve opens, steam flows into the discharge
line air space between the valve and the water column and mixes

with the air (see detailed evaluation in Chapter 3 of Ref 1,

pages 6-12 through 6-14).

discharge line contains a water sluqgq and does not allow an

- 3-3
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Since the downstream portion of the
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immediate steam discharge into the pool, the pressure inside the
line ‘increases. The increased pressure expels the water slug
from the SRV discharge line and queancher. The magnitude of the
water clearing pressure is primarily influenced by the steam flow
rate through the valve, the degree to which entering steanm is
condensed along the discharge line:walls, the volume of the
discharge line airspace, and the lenqth of the uater sluq to be
accelerated.

The clearing of uater is followed by an expulsion of the enclosed
air-steam volume. The exhausted gas forms an oscillating systen
with the surrounding vater, where the gas acts as the spring and
the water acts as the mass. This oscillating system is the -
source of short term air clearing loads.

While the air-steam mixture oscillates in the pool it rises
because of buoyancy and eventually breaks through the pool water
surface at which time air clearing loads cease. ¥When all ‘the air
leaves the safety relief system, steam flows into the suppression
pool through’ the quencher holes and condenses. The SSES quencher
desiqn assures stable condensation even with elevated pool water
temperature.

The SRV actuation cases resulting from the transients listed in
Subsection 3.1.1 are classified, as being one of the following
cases:

a. Symmetric (all valve, or AOT) discharge
b. Asymmetric discharqge, including single valve discharge .
Ce Automatic Depressurization System (ADS) discharge

Also considered in the containment design is the effect of
subsequent SRV actuations {second-pop) , dxscussed in Subsection
4.7.3.6.

The symmetrxc discharge case {otherwise termed the all-valve, or
AOT, case) is classified as the type of SRV discharge that would
follow rapid isolation of the vessel from the turbine such as
turbine trip, closure of all MSIVs, loss of condenser vacuun,
etc. As pressure builds up following isolation of the vessel,
the SRVs actuate sequentially according to the pressure set
points of the valves. This may or may not result in actuation of
all the SRVs, but for conservatism in loading considerations all
valves are assumed to actuate. Refer to Subsection 4.1.3.1 for
discussion of the loads resulting from this all-valve case.

Asymmétric discharqe is defined as the firing of the SRVs for the
‘three ad“jacent quencher devices which results in the greatest
asypmetric pressure loading on the containment. This situation
is hypothesized when, following a reactor scram and isolation of
the vessel, decay heat raises vessel pressure so that low set
point valves actuate. If, during this time of discharge of decay
heat enerqy, manual actuation of the two other adjacent SRVs that
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comprise the asynmmetric case is assumed, this actuation would

result in the maximum symmetric pressure load on the containment.
Subsection 4.1.3.2 gives a discussion of the loads resulting from
the asymmetric discharqe case.

The single valve discharge case is classified as the firing of
the SRV which gives the single largest hydrodynamic load.
Transients that could potentially initiate such a case are an
‘inadvertent SRV discharqe or Design Basis Accident (DBA). Refer
to Subsection 3.2.3 for a discussion of the latter possibility.
Subsection 4.1.3.2.1 provides a discussion of the loads resulting
from the single valve case.

The ADS discharge is defined as the simultaneous actuation of the
six SRVs associated with the ADS. See Fiqure 1-4 for the
location of the quencher devices associated with the ADS valves.
The ADS is assumed to actuate during an Intermediate Break
Accident (IBA) or Swmall Break Accident "(SBA). If an ADS
discharge is hypothesized coincident to an IBA or SBA (described
in Subsections 3.2.2 and 3.2.1, respectively), the effects of an
~ increased suppression pool temperature (resulting from steam
condensation during the LOCA transient) and increased suppression
chamber pressure (resulting from clearing of the drywell air into
the pool during the transient) are considered in the calculation
of pressure loadings for the ADS discharge case. See Subsection
4.1.3.3 for further discussion of the loads resulting from the
ADS case.



-

3.2° DESCRIP&ION OF LOSS-OF-COOLANT ACCIDENT"

This event involves the postulation of a spectrum of piping
breaks inside the containment varying in size, type, and location
of the break. For the analysis of hydrodynamxc loadings on the
containment, the postulated LOCA event is identified as .a Small

Break Accident (SBA), an Intermediate Break Accident (IBA), or
aDe31qn Basis Accident (DBA). "

3.2.1 .Small Break Accident (sBA)

This subsection discusses the. contalnment transient assocxated
with small primary system blowdowns. The primary system ruptures
in this category are those ruptures that will not result in
reactor depressurization from either loss of reactor coolant or
automatic operation of the ECCS equipment, ie, those ruptures
with a break size -less than 0.1 sq ft.

The following sequence of events is assumed to occur. With the
reactor and containment operating at the maxinmum normal '
conditions, a small break occurs that allows blowdown of reactor
steam or water to the drywell. The resulting pressure increase
in the drywell leads to a high drywell pressure signal that
scrams the reactor and activates the containment isolation

'system. The drywell pressure continues to increase at a rate '

dependent upon the size of the steam leak. The pressure increase
lovwers the water level in the downcomers. At this time, air and
steam enter the suppression pool at a rate dependent upon the
size of the leak. Once all the drywell air is carried over to
the suppression chamber, pressurization of the suppression

chamber ceases and the system reaches an equilibrium condition.

The drywell contains only superheated steam, and continued
blowdown of reactor steam condenses in the suppression pool. The
pr1nc1pa1 loading condition in this case is the gradually
increasing pressure in the dryuell and suppression pool chamber
and the loads related to the condensation of steam at the end of
the vents. )

3.2.2 Intermediate Break Accident (IBA)

This subsection discusses the containment transient associated
with intermediate primary system blowdowns. This classification
covers breaks for which the blowdown will result in limited
reactor depressurization and operation of the ECCS, ie, the break
size is equal to or slightly greater than 0.1 sq ft.

Pollowing the break, the drywell pressure increases at

approximately 1.0 psi/sec. This dryvell pressure transient is
sufficiently slow so that the dynamic effect of the water in the ,
vents is negligible and the vents will clear when the drywvell-to-
suppression chanber differential pressure is equal to the ‘
hydrostatic pressure corresponding to the vent submergence. The
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4.0 _LOAD DEFINITION

4.1 _SAFETY RELIEF 'VA;.V'E (SRV) DISCHARGE LOAD DEFINITION ’

| See the Proprietary Supplement for this section.
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. 4.2 _LOCA_LOAD DEFINITION

Subsections 4{2.1, 4.2.2 and 4.2.3 will discuss the numerical
definition of loads resulting from a LOCA in the SSES
containment. The LOCA loads are divided into three groups.

(1) Short term LOCA loads associated with pbolswell
(Subsection 4.2.1).

{2) Condensation oscillations and chugging loads
(Subsection 4.2.2).

(3) Long term LOCA loads (Subsection 4.2.3).

The application of these loads to the various components and
structures in the SSES containment is discussed in
Subsection 4.2.4.

4.2.1 LOCA LOADS ASSOCIATED WITH POOLSWELL

A description of the LOCA/Poolswell transient has been given in
Section 3.2 of this Design Assessment Report. The LOCA loads
associated with poolswell are listed in Table 4-16. The
appropriate Mark II generic document from which SSES plant unique
loads are calculated is also shown in Table 4~16. A discussion
of these loads and their SSES unique values follows..

B.2.151 Wetwell/Drywell Pressures_during Poolswell

The drywell pressure transient used for the poolswell portion of
the LOCA transient {< 2.0 seconds) is given in Table IV-D-3 of
Ref 7. A portion of this table is reproduced herein as Table 4~
17. This dryvwell pressure transient includes the blowdown
effects of pipe inventory and reactor subcooling and is the.
highest possible drywell pressure case for poolswell. ,

The short term poolswell wetwell pressure transient resulting
from this'drywvell pressure transient is calculated by applying
the poolswell model contained in Ref 8. The equations and -
assumptions in the poolswell model were coded into a Bechtel
computer proqram and verified against the Class 1, 2 and 3 test
cases contained in Ref 9. This verification is documented in
Appendix D to this report. Other inputs used for the calculation
of the SSES plant unigue poolswell transient are shown in Table
4—-18. The short term suppression pool surface elevation and
corresponding wetwell pressure transient calculated with the.
poolswell code are shown in Figures 4-38 and 4-39 respectively.
The short term wetwell pressure peak is 56.1 psia (41.4 psig).
The (drywell minus wetwell) pressure differential is also plotted
on this curve. The nminimum A P occurring during poolswell is
-9.2 psid at 0.893 seconds after vent clearing(1.58 seconds
after the break occurs). ’

4-7



4.2.1.2 _Poolswell Impact Load

Any structure located between. the .initial suppression pool
surface (el. 672') and the peak poolswell height (el. 690!, see
fiqure 4-38) is subject to the poolswell wvater impact load.
There are only minor structures (such as miscellaneous wetwell
piping) in this portion of the SSES .wetwall. ' This load is
calculated as specified in Ref 10, Subsection 4.4.6. A SSES
plant-unique velocity vs elevation curve has been generated with
the poolswell model (Figure 4-40). It is used in conjunctLOn
with impact pressure vs velocity curves for various size and
shape components (Ref 10, Fiqures 4-34, 4-35 and 4-36) to develop
a peak impact pressure at the component's elevation. The peak
impact pressure is combined with a generalized impact pressure
time history. curve (Ref 10, Fiqure 4-37) to specify the
structural load. All structures. subject to poolswell impact
loads in the SSES containment are classified as "small
structures",

4.2.1.3 Poolswell Draq Load

The poolswell draq load applies to any structure located between

the elevation of the vent exit (el. 660') and the peak pool swell
height (el. 690'). The load is calculated for all components in

the region based upon the maximum pool surface velocity

(29.35 fps), regardless of elevation. The draq load pressure is
calculated from Ref 10, Equation 4-24 using Vg = 29.35 fps for . -"’--'~‘

the velocity and pf = 62.4 1bm/£ft3 for the density of water,
PD =(1/2)CDpf sz {(4-1)
PD (psi) = 5.8 CD. “{4-2)

The-appropriate draqg coefficient for the structure involved is
selected from Ref 10, Figure 4-29. The pool swell drag load is
applied in either the horizontal or vertical direction
{Subsection 4.4.5.2 of Ref 10).

Por the case of a component oriented vertically with its axis
parallel to the velocity of the pool surface,” the skin friction
coefficient, 'C., used in Ref 10, Subsection 4.4.8 is applied in
place of Cpe. Ehis nethod would apply, for example, to the
vertical loads on downcomers, columns, or safety relief lines in
the wetwell. Using Ce= 0. 0023, the vertical draq force-on a
vertically oriented component is recalculated using Equation 4-26
of Ref 10.

F, (1bf) = 0.0133A; (in2). (4-3)

Here Af is the skin friction area (wetted surface area) subject
to.the vertical drag force.

LOCA loads on the downconer bracing are described in Subsection .
4.2.4.6.




o2.3.4- Downcomer Clearing Loads

Vertical loads on the downcomers during downconer clearing can be
estimated by using a drag load formula similar to Equation 4-3.
In this case the vent clearing velocity is 60 fps (Ref 10,
Subsection 4.4.5.1) and Ap is the wetted inside area of the
downcomer, conservatively calculated to be

Ae= (12 £8) (m) (2 £t) = 75.4 ft2.

From Equatxon 4-3 the vertical clearing load on the downcomer for
SSES is,

Fv = 0.6 kips.

‘ This is of similar maqhitude to the vertical thrust load df
0.7 kips on the downcomer during steam blowdown (Ref 10,
Subsection 4.2.3).

Lateral loads on the downcomers during clearing are estimated ,
fron Ref 11, Table 3-U4 to be less than 3 kips.

4.2.1.5 Downcomer Water Jet Load

The water clearing jet load is calculated based on the approach
developed in thé design quides (Refs 12 and 13). This load ‘is
experience as a drag load by structures 1located within the jet
cone beneath the downcomers and as a jet impinqement load by the
basemat . The jet impingement load on the basemat is calculated
from Ref 10, Equation 4-25, p. 4-43.

FI'= Df Ar sz « ' (u—u)

Here p.is the density of water (taken to be 62.4 lbm/ft3), A is
the -t ial jet impingement area and v 1is the attenuated water
velocity corresponding to the maximum vent clearing jet velocity
(Ref 10). Figures 4-41 and 4-42 show elevation and plan views of
the SSES downcomers and their associated jet cones. The radius
of the jet cone at the basemat is 2.69 ft. and the total area:
intercepted by the 87 downcomers in the SSES wetwell is 1978 ft2.
As seen in Fiqure 4-42 there is no significant overlap of
adjacent -+jets on the basenat.

The vent clearing velocity of 60 fps is attenuated by a factor of
0.68 using the method described in Ref. 10, Subsection 4.4.5.1 to
yield a value of 40.8 f£ps at the basemat. The jet impingement

pressure is calculated from Ref 10, Equation 4-26, p. 4~43 to be

P 1= Pe vfz | . (4-5)

)2 1= 22.4 psi.

Using the value for A of 1978 f£t2 for the SSES design the total
downcomer water jet impingement load on the basemat is



F = 2848.3 kips.
This load acts vertically downward on the basemat from the tinme
the break occurs until 'the downcomers have cleared, at 0.6863 sec
{(Ref 7).

4.2.1.6__Poolswell Air Bubble_Load

The poolswell air bubble pressure load as it applies to the
containment walls is described in Ref 10, Subsection 4.4.5.3.

This load is viewed as an increase in the hydrostatic pressure on
the suppression pool walls below the vent exit plane and is
caused by the air bubble which has been purged from the drywell
in the initial stages of the LOCA. The air bubble pressure
transient calculated with the poolswell model (described in
Subsection 4.2.1.2) is shown in Piqure 4-43. Pigure U4~44 shows
the normalized total. pressure distribution (hydrostatic plus air
bubble) to be applied to the containment as a result of this
load. The pressure on the wetwell walls between the vent exit
and the water surface contains a linear decrease to 0. 0 psig at
the water surface (Ref 10, Subsection 4.4.5.3).

This load as it applies to submerged structures is described in
Refs 13 and 14.

4.2.1.7__Poolswell Fallback_ lLoagd

The poolswell fallback load is a drag load wvhich applies to all
structures between the peak poolswell height (el. 690') and the
vent exit (el. 660'). This load is calculated for components in
this region using the analysis of Subsection 4.4.5.4 of Ref 10.

Since the vertical structures are parallel to the fallback flow,
they are subjected to negligible fallback loads. . (Por a fallback
velocity of 30 fps the load is significantly less than 1 kip).
The downcomer bracing structure at elevation 668'-0" is, however,
perpendicular to the fallback flow and will undergo a fallback
load applied vertically downward. The fallback drag velocity is
calculated using the equation on page U-45 of Ref 10.

Vpp= ' 9.82 (H,)t/z2. . (4-6)

For the SSES design, the maximum downcomer submergence, Hye is

12 feet so the fallback velocity is 34.05 fps. The drag pressure
due to this velocity is calculated from Ref 10, Equation 4-24 to
be

. Ppp (psi) = 7.8 ¢, « (4=7)

where C, is the appropriate drag coefficient for the structure
belng loaded.

=
i

10



Fallback loads are calculated using Refs 12 and 13.

4.2.2 Condensation Oscillations and Chugqing Loads

Condensation oscillation and chugqing loads follow the poolswell
loads in time. There are basically three loads in this time
period, i.e., from about 4 to 60 seconds after the break.
Condensation oscillation is broken down into two phenomena, a
mixed flow reqgieme and a steam flow regieme. The mixed flow
regieme is a relatively high mass flux phenomenon which occurs
during the final period of air purqging from the drywell to the
vetwell. Thus, the mixed flow throuqh 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 mass
flux of pure steam flovw is established.

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

4.2.2.1 Condensation Oscillation Load Definition

The load specification for the mixed and steam flow phases of
condensation oscillation is taken from Appendix A to Ref 20.

The mixed flow portion of the condensation oscillation load is
specified as a sinusoidal load at the containment's critical
frequencies between 2 and 7 Hz with an amplitude of + 1.75 psi.
This load is to be applied uniformly to the wetted portion of the
suppression pool boundary below the vent exit with a linear
attenuation to the free surface of the suppression pool. The
duration of this load is from 4 to 15 seconds after the break has
occurred.

The steam flow portion of the condensation oscillation load is
specified as a sinusoidal load at the containment's critical
frequencies between 2 and 7 Hz with an amplitude of + 5.0 psi.
The load is to be applied uniformly to the wetted portion of the:
suppression pool boundary below the vent exit with a linear ,
attenuation to the suppression pool free surface. Also a
sinusoidal load of amplitude & 0.5 psi is applied uniformly to
the drywell boundary at critical frequencies between 2 and 7 Hz.
The duration of both the drywell and suppression pool steam flow
condensation oscillation load is the time period from 15 to 25
seconds following the initial .break.

Condensation oscillation loads on submerged structures are
calculated using Refs 12 and 1l3.
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4.2.2.2 chugging Load Definition

The pool boundary chugging load is specified in Ref 15. Two ‘ID
loading conditions are described: symmetric and asymmetric.

The symmetric- loadlnq condltlon is spec1f1ed as +4.8 psig/-
4.0 psig and is to be applled uniformly around the entire pool
boundary as shown.in PFigure 4#-45 (extracted from Ref 15).

The asymmetric loading condition has a specified maximun
positive/negative pressure of +20 psig/-14 psiq and has the
circunferential spatial distribution depicted in Figure 4-45.

chugging loads on subnerqed structures will be evaluated uhen the
design gquide deal1nq with these loads is completed.

The chugging load imparted to the downcomer will be specified
when the appropriate dynamic forcing function becomes available.

4.2.3 LONG TERM LOCA_LOAD DEFINITION

The loss—-of-coolant accident causes pressure and temperature
transients in the drywell and wetwvell due to mass and enerqgy
released from the line break. The drywell and wetwell pressure
and temperature time histories are required to establish the
structural loading conditions in the containment because they are
the basis for other containment hydrodynamic phenomena. The
response must be determined for a range of parameters such as
leak size, reactor pressure and containment initial conditions.
The results of this analysis are documented in Ref 7.

4.2.3.1 Desiqgn Basis Accident (DBA) Transients

The DBA LOCA for SSES is conservatively estimated to be a

3.53 ft2 break of the recirculation line (Ref 7). " The SSES plant
unique inputs for this analysis are shown in Table 4-19. Drywell
and wetwell pressure responses are shown in Figures 4—-46 and 4-47
(extracted from Ref 7). These transient descriptions do not,
however, contain the effects of reactor subcooling. Suppression
pool temperature response is shown in Figqure 4-48 (Ref 7). This
transient description also does not contain the effect of reactor
subcooling. Drywell temperature response is shown in Piqure 4-49
and similarly does not contain the effects of pipe inventory or
reactor 'subcooling.

u.é.3.2 Intermediate Break Accident (IBA) Transients

uThe vorst—-case intermediate break for the Mark II plants is a
" main steam line break on the order of 0.05 to 0.1 £t2. At this

time plant unique IBA data for SSES is available only for the
suppression pool temperature response to a 0.05 f£t2 break

{Ref 7). This data is shown in Fiqure 4-50. Drywell temperature

and wetwell and drywell pressures for the SSES IBA are estimated

from curves for a typical Mark IX containment shown in Figure §- ‘
51 (extracted from Ref 10) ‘
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4.2.3.3 Small Break Accident (SBA) Transients

At this time plant-unique SBA -data for SSES is not available.
The wetwell and drywell pressure and temperature transients ‘for a
typical Mark II containment are used to estimate SSES containment
response to these accidents. These curves are shown in Pigure 4-
52 (extracted from Ref 10). :

4.2.4 LOCA LOADING HISTORIES FOR SSES_CONTAINMENT COMPONENTS

The various- components directly affected by LOCA loads are shown
schematically in Fiqures 4-53 and 4-54. These components may in
turn load other components as they respond to the LOCA loads.

For example, lateral loads on the downcomer vents produce minor
reaction loads in the drywell floor from which the ‘downcomers are
supported. The reaction load in the drywell floor is an indirect
load resulting from the LOCA and is defined by the appropriate
structural model of the downcomer/drywell floor system. Only the
direct loading situations are described explicitly here. Table
4-20 is a LOCA load chart for SSES. This chart shows which LOCA
loads directly affect the various structures in the SSES
containment desiqn. Details of the loading time histories are
discussed in the following subsections. .

8.2.4.1 _LOCA lLoads on the Containment Hall and Pedesté;

Fiqure 4-55 shows the LCCA loading history for the SSES
containment wall and the RPV pedestal. The wetwell pressure
loads apply to the unwetted elevations in the wetwell; the
appropriate hydrostatic pressure addition is made for loads on
the wetted elevations. Condensation oscillation and chugging
loads are applied to the wetted elevations in the wetwell only.
The poolswell air bubble load applies to the wetwell boundaries
as shoun in Fiqure 4-44. .

4.2.4.2 LOCA Loads on the Basemat and Liner Plate

Fiqure 4-56 shows the LOCA loading history for the SSES basenmat
and liner plate. Wetwell pressures are applied to the wetted and
unvwetted portions of the liner plate as discussed in Subsection
4.2.4.17. The downcomer water jet impacts the basemat liner plate
as does the poolswell air bubble load. Chugging and condensation
oscillation loads are applied to the wetted portion of the liner
plate.

4.2.4.3 LOCA loads on _the Drywell and Drywell Floor

Fiqure 4-57 shows the LOCA loading history for the SSES drywell
and drywell floor. The drywell floor undergoes a vertically
applied, continuously varying differential pressure, the upvard
component of which 1s especially prominent during poolswell when
the wetwell air space is hiqhly compressed.
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4.2.4.4 LOCA Loads on the Columns

Fiqure 4-58 shows the LOCA loading history for the SSES columns.
Poolswell draq and fallback loads are very minor since the colunn
surface is oriented parallel to the pool swell and fallback
velocities. The poolswell air bubble, condensation oscillations
and chugqing will provide loads on the submerged (vetted) portion
of the columns. .

4.2.4.5 LOCA loads on the Downcomers

Fiqure #4-59 shows the LOCA loading history for the SSES
downcomers. The downcomer clearing load is a lateral load
applied at the downcomer exit (in the same manner as the chugging
lateral load) plus a vertical thrust load. Poolswell drag and
fallback 1loads are very minor since the downcomer surfaces are
oriented parallel to the pool swell and fallback velocities. The
poolswell air bubble load is applied to the submerged portion of
the dovwncomer as are the chugging and condensation oscillation
loads. K '

4.2.4.6 _1LOCA Loads on_the Downcomer Bracing

Figure 4-60 shows the LOCA loading history for- the SSES downconmer
bracing system. This system is not subject to impact loads since
it is submerged at elevation 668!, As a submerged structure it
is subject to poolswell draq, fallback and air bubble loads.
Condensation oscillations and chugqging at the vent exit will also
load the bracing system both through downcomer reaction (indirect
load) and directly through the hydrodynamic loading in the
suppression pool. [

4.2.4.7 LOCA lLoads on Hetwell Piping

Piqure 4-61 shows the LOCA loading history for piping in the SSES
wetwell. Since the wetwell piping occurs at a variety of
elevations in the SSES wetwell, sections may be completely
submerqged, partially submerged, or initially uncovered. Piping
may occur parallel to poolswell and fallback velocities as with
the main steam safety relief piping. For, these reasons there are
a number of potential loading situations which arise as shown in
Table 4-21. In addition, the poolswell air bubble load applies
to .the submerged portion of the wetwell piping as do the
condensation oscillation and chugqging loads.
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4.3 _ANNULUS PRESSURIZATION

|
\
The RPV shield annulus has the recirculation pumps suction lines

passing through it (for location in containment see Fiqure 1-1).

The mass and energy release rates from-a postulated recirculation

line break constitute the most severe transient in the reactor

. shield annulus. Therefore, this pipe break is selected for

analyzing loading of the shield wall and the reactor pressure

vessel support skirt for pipe breaks inside the annulus. The

reactor shield annulus differential pressure analysis and

analytical techniques are presented in Appendices 6A and 6B of

the SSES Pinal Safety Analysis Report (FSAR).
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TABLE 4-16

LOCA LOADS_ASSOCIATED WITH POOLSWELL

Load

W

a

Hetwell/Drywell Pressures
during Poolswell

Poolswell Impact Loads
Poolswvell Draq Loads

Downcomer Clearing Loads

Downcomer Hater Jet Load
Poolswell Air Bubble Load

Poolswell Fallbaqk Load

=t

Ref 7, Table IV-D-3:

Ref 10,

Subsec-

tion 4.4.1.5

Ref 10,Subsec-
tion 4.4.6"

Ref 10,

Ref 10,
4.3.1,

Ref 10,
section

Ref 10,
section

ref 10,

" section

Subsections
4.4.5.2, 4.4.7, 4.4.8

Subsection
Reference 11,
Subsection 3.3.1.2

Sub—
u’u.5.1

Sub~

Sub-
4.4.5.4



TABLE 4-18

SSES_PLANT UNIQUE POOLSWELL CODE_INPUT_DATA

E

Downcomer Area “(each)
Suppression Pool Free Surface Area

Maxinum Downcomer Submergence

Downcomer Overall Loss Coefficient

Number of Downcomers

Initial Wetwell Pressure
Hetwell %ree Air Volume

vent Clearing Time

Pool Velocity at Vent Clearing
Initial Drywell Temperature

Initial Drywell Relative Humidity

2.96 ftz2
SOGS:QB ft2
12.00 ft
2.5

87

15.45 psia
149,000 £t3
0.6863 sec
3.0 £t/sec

1350F

0. 20 #







TABLE 4-19

INPUT DATA_FOR SSES_LOCA TRANSIENTS

Drywell free air volume
{including veats)

Hetwell free air volume

Maximum dovwncomer submerqgence

Downcomer flow area (total)

Downconer loss coefficient

Initial dnywell pressure
Initial weéwell pressure
Initial drywell humidity
Initial pool temperature
Estimated DBA break size

Number of vents

Initial mass of steam in vessel

Initial mass of saturated water in

vessel

Minimum suppression pool mass

Initial vessel pressure

Vessel & internals mass

Vessel & internals overall heat

transfer coefficient

Vessel and internals specific heat

Initial control rod drive flow

Initial steam flow to main turbine

RCIC & HPCI (HPCS) flow initiation
level, distance from vessel "o"

239,600 ft3

149,000 £t3

12:O ft
256.7'ft
2.5

15.45 psia
15.&5.psia
20%

90°F

3.53 ft2
Y
24,500 lbm

674,000 lbm

7.6x106 1lbn
1,055 p§ia
2,940,300 1bm

484.9 Btu/secOF

0.123 Btu/lbm ©OF
10;83 lbn/sec
3931.5 lbn/sec
489.5 in




Tabhle 4-19 (Continned)

RCIC & HPCI (HPCS) flow shutoff ' 564.0 in
level {normal water level), distance
from vessel "Oo! ‘

Rated RCIC fiow rate to vesscl ‘ 83.4 %bm/sec
Rated HPCI (HPCS) flow rate to vessel 695 lbm/sec
RCIC shutoff pressure . 165 psia
HPCI (HPCS) shutoff pressure ’ 165 psia
Condensate storage tank enthalpy . ‘ 48 Btu/lbm
CRD enthalpy 48 Btu/lbm

Initial power level
Feedwater enthalpy

Cleanup system flow

3.23x106 Btu/sec
78 Btu/lbnm

36.94 lbn/sec

Cleanup system return enthalpy 413.2 Btu/lbm
Initial vessel fluid enthalpy 573.1 Btu/lbn

. RHR heat exchanger "K" in pool 306 Btu/sec °F
cooling mode .

RHR heat exchanger steam flow in 25 lbs/sec
condensing mode

RHR heat exchanger flow in pool ' 1390 lbs/sec
cooling mode

RHR heat exchanger outlet enthalpy ) 108 Btu/lhn
in condensing mode

Service water temperature ‘ 90 ©oF
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5.0 LOAD _COMBINATIONS FOR STRUCTURES, PIPING, AND EQUIPMENT

To verify the adequacy of mechanical and structural design, it is
necessary first to define the load combinations to which
structures, piping, and equipment may be subjected. In addition
to the loads due to pressure, weight, thermal expansion, seismic,
and fluid transients, hydrodynamic loads resulting from LOCA and
SRV discharge are considered in the design of structures, piping,
and equipment in the drywell and suppression pool. This chapter
specifies how the LOCA and SRY discharge hydrodynamic loads will
be combined with the other loading conditions. For the load
combinations discussed in this chapter, seismic and hydrodynanic
responses are combined by the methods specified in Ref. 10
Subsection 5.2.2 and Ref. 10 Section 6.3.




5.3 LINER PLATE LOAD COMBINATIONS

The liner plate and anchorage system are designed for the load
combinations listed in Table 5-1 except that all load factors are
taken as unity.



‘5.4 _DOWNCOMER LOAD COMBINATIONS

Load combinations for the downcomers are given in Table 5-3.
These load combinations are based on the load combinations-given
in Table 6-1 of Ref 10.. | . @




5.5 _PIPING, QUENCHER, AND QUENCHER SUPPORT_ LOAD_ COMBINATIONS

LOCA loads considered on piping systems include poolswell impact
loads, poolswell drag loads, dcwncomer water jet loads, poolswell
air bubble loads, fallback drag loads, condensation oscillation
loads, chuqgging loads, and inertial loading due to acceleration
of the containment structure produced by LOCA loads. Loads due to
SRV discharge on piping systems include water clearing loads, air
clearing loads, fluid transient loads on SRV discharge piping,
reaction forces at the guencher, and inertial loading due to the
accleration of the containment structure produced by SRV
discharge loads.

The load combinations and the acceptance criteria for piping
systems are given in Table 6-1 of Ref 10.

.

5.5.1 Doad Considerations for_ Piping Inside the Drywell

Piping svstnmq ‘inside the drywell are subjected to lnertlal
loading due to the acceleration of the contalnment produced by
LOCA and SRV discharge loads in the wetwell. = The SRV dischargye
piping in the drywell is also subjected to fluld transient forces
due to SRV dischargqge.

5-.5.2 Load Considerations for Piping Inside the_ Hetwell

All piping in the wetwell is subject to the inertial loadind due
to LOCA and SRV dischargqge.

Drag and impact loads due to LOCA and SRV discharge on individual
pipes in the wetwell depend on the physical location of the
piping. Other SRV discharge and LOCA loads applicable to piping
in the wetwell are discussed in the paragraphs that follow.

Piping systems located below the suppression chamber water level
are shown on Piqures 5-1 and 5-2. These lines are located
outside of the et impingement cone of the downcomer. In
addition to the inertial loads, these piping systems are subject
to air bubble loads, condensation oscillation ldads, and chugging
loads due to LOCA and SRV operation. The SRV piping, quencher,
and quencher support are also subject to fluld transient forces
due to SRV discharge.

Piping systems within the poolswell volume are shown cn Figures
5-2, 5-3 and 5-4. All horizontal runs of these pipes are above
the suppression chamber water level. The following loads, in
addition to inertial loads, act on these systems:

a. The horizontal runs of pipe below elevation 6901,
experience poolswell impact , poolsvwell drag, and
fallback drag loads.



b'

The vertical portions of pipe in the water below
elevation 690%* experience' poolswell drag and fallback

drag loads.

¥

5-5.3 Quencher and Quencher Support Load Considerations

The quencher and quencher supports are subjected to the following
hydrodynamic loads in additicn to the pressure, weight, thermal,
and seismic loads: '

de

b.
c.

d.

Unbalanced loads on the quencher due to SRV water
clearing and air clearinqg transients, irreqular
condensation, and steady state blowdown

- Drag loads due to SRY discharge and LOCA

SRY piping end loads ' -

Inertiql loading due to the .acceleration of the
containment produced by SRV discharge and LOCA.

Load Considerations for Piping in the
the Reactor Building

The effects of the inertial loading due to acceleration of the
containment produced by SRV discharge and LOCA loads will be .
evaluated for this piping.

v




5.6__NSSS LOAD COMBINATIONS

To be providgd later.

'
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@ ' ¥
.
. @
3 4

5-11




5.7 EQUIPMENT LOAD COMBINATIONS

Load conmbinations for safety-related equipment located within the
reactor building and containment will be assessed and described .
in a revision to this '‘Design Assessment Report ("Safety-related"

is defined in Table 1l.8-1 of the FSAR).

-
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TABLE 5-1 . .

LOAD COMBINATIONS FOR CONTALNMENT AND BEACTOR BUILDING CONCRETE STRUCTURES (CONSIDERIHG

HYDRODYNAMIC) LOADS

Load. Single -
i iti €2) <3)
Equatfon Condx}x?n, p L Po To Ro Eo BSS PB PA TA RA' RV SRY AOT ADS ASYIM Valve LOCAC3)
1 Normal - .
v/o Tenp. 1.4 1.7 1.0 - - - - - - b - - - 1.5 X<y - X -
2 Normal .
w/Tenp. 1.0 1.3 1.0 1.0 1.0 - - - - - - - 1.3 X - X - .
3 Normal .
. Sev. BEav. 1.0 1.0 1.0 1.0 1.0 1.25 - - - - - - 1.25 X - X -
4 Abnormal 1.0 1.0 - - - - - 1.25 - 1.0 1.0 - 1.25 - X X -
4a Abnorrmal 1.0 1.0 - - - - - - 1.25 1.0 1.0 - 1.0 - - - X d
5 Abnormal
Sev. Env. 1.0 1.0 - - - 1.1 -~ 1.1 -~ 1.0 1.0 - 1.1 - X X -
S5a Abnoraal .
*Sev. Bav. 1.0 1.0 - - - 1.1 ~ - 1.1 1.0 1.0 -, 1.0 - - - 7 X
6 Normal *
Bxt. BEnv. 1.0 1.0 1.0 1.0 1.0 - 1.0 - - - - Kl 1.0 X - X -
7 Abnormal ‘ .
Ext. BEnv. 1.0 1.0 - - - - 1.0 1.0 - 1.0 1.0 1.0 1.0 - X X .-
7a Abnorsal :
Ext. BEnv. 1.0 1.0 - - - - 1.0 =~ 1.0 1.0 1.0 1.0 1.0 - - - X -
Load Deécrigtion
D = Dead Loads Bo = Operating~Basis Barthquake
L .= Live Loads BSS = Safe Shutdown Barthquake
. Pp = SBA or IBA (LOCA) Pressure Load
15 = Qperating Tenperature Loads PA = DBA (LOCA) Pressure Load
Bb = QOperating Pipe Reactions TA = Pipe Break Temperature Load
E; = Qperating Pressure Loads RA = Pipe Break Teaperatures Reaction Loads
R . h 3
SRV = Safety Relief valve Loads Rv = Reaction and'jet forces associated ‘
- with the pipe break G
Notes: )
1) x indicates applicability for the designated load combination. " ’




2)

3)

For the columns designated AOT, ADS, ASYN, and Single Valve, only one of the four possible coluzmns nay be
included in the load combination for any one equation. FPor exaaple, in egquation 1 either AOT or ASYNM nay
be considered vith the other loads but not both AOT and ASYN sinultaaneously. .

LOCA chugging and condensation oscillation loads will be included in a subsequent revision to this table

= = -
»

= —




TABLE 5-2

LOAD COMBINATIONS AND ALLOWABLE STRESSES FOR STEEL
STRUCTURAL COMPONENTS {(Suppression Chambher Columns,
'!’ Downcomer Bracing, and Reactor Building Structural Steel)

Stress
Eguation * Condition Load Combination JLimit
1 Normal D+L#+SRV ﬁs
w/0 Tempe.
2 Normal D+L+T +SRV - ' P
w/Temp. , ’
3 Normal/ D+L4T +E+SRV 1.5 F_
Severe
4 " Normaly D+L#+T_+E'+SRV 1.5 F
Extrene :
5 Abnormal D+L+P+(TO+T } +R (Note 1)
+SRV a :
6 Abnormal/ D+L+P+(T_+T ) +R+E  {Note 1)
. Severe +SRV :
7 Abnormal/ D+L+P#+ (T, +T_,) +R+E {(Note 1)
Extrene +SRV
‘lb Note 1: In no case shall the allowable stress exceed 0.90F, in

bending, 0.85F: 1in axial tension or coupression, Xnd
0.50F, in shea¥. HWhere the design is governed by
requirements of stability (local or lateral buckling),
the actual stress shall not exceed 1.5Fs.



o

b

E?

SRV

TABLE_5—-2_(Continued)

Allowable stress according to the AISC, "Specification

.

for the Design, Fabrication, and Erection of
Structural Steel for Buildings", dated 1969, Part
1.

Dead load

Live load

Thermal effects during normal operating conditions
including temperature gradients and equipment and
pipe reactions.

Added thermal effects (over and above operating
thermal effects) which occur during a design
accident.

Design Basis Accident pressure load

Local force or pressure on structure due to
postulated pipe rupture including the effects of
steam/water jet impingement, pipe whip, ‘and pipe:
reaction.

Load due to Operating Basis Earthquake.

Load due to Safe Shutdown Bart hquake.

safety relief valve loads.

Minumum specified yield stength




TABLE 5-3 .

LOAD COMBINATIONS AND ALLOWABLE STRESSES_FOR DOWNCOMERS

Pspa

Pipa”

O
i

SRV ALL

"SBVADS

|

«

Primary
Stress
Condition Load Combination Limit
Upset D+P +SRV .,/ 1.5 Sm
Emerqency D+P°+SRVALE+E 2.25 Sm
Emergency D+PSBA +SRVADS+E* 2.25 Sm
SBA
.
Faulted DfPo*SRV ALL+E 3 Sm
Faulted D"PIBA +SRVADS+E+ 3 Sm
IBA :
Faulted D+P, {(or P ) 3 s
«SEVN GFE'+5S jA m
{(or fha
Faulted D+PA+E'+DBA1 3 Sm
Faulted D+PA+E'+DBA 3:s
2 m

Maximum allowable stress according to Table I-10.1,
Ref 28.

Dead weiqght of the downcomer

Pressure differential between drywell and
suppression chamber during normal operating
condition.

Pressure differential between drywell and
suppression chamber during SBA.

Pressure differential between drywell and
suppression chamber during IBA.

Pressure differential between drywell and
suppression chamber during DBA.

Dynamic lateral pressure and inertia load due to
the discharge of all 16 safety relief valves
sequentially.

Dynamic lateral pressure and inertia load due to
the discharge of all 6 ADS safety relief valves
simultaneously. .

Load due to Operating Basis Earthquake



EY

SBa

IBA

DBA

". DBA

TABLE 5-3 (Continued)

. Load due to Safe Shutdown Earthquake

Chugqging loads due to SBA as follows:

1. ‘Horizontal load at bottom of downcomer, and
2. Horizontal and vertical inertial loads.
Chugqging loadsvdue to IBA as follows:

1. Horizontal load at bottoﬁ of downcomer, and
2. Horizontal and vertical inertial loads.
Vertical loads due to:

l. Viscous and pressure forces exerted by the
flowing steam, and

2. Inertial load due to DBA
Chugqing loads due to DBA as follows:
1. Horizontal load at ‘bottom of downcomer, and

2. Horizontal and vertical inertial loads.
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6.0. DESIGN CAPABILITY ASSESSMENT CRITERIA

The criteria by which the design capability is detérmined are
discussed in this chapter. Design of the SSES is assessed as
adequate when the design capability of the structures, piping,
and equipment is greater than the loads (including LOCA and SRV
discharqge) to which the structures, piping, and equipment are
subjected. Loading combinations are discussed in Chapter 5. The
margins by which design capabilities exceed these loadlngs are
discussed in Chapter 7, Deszqn Assessment.

w‘,




‘6.3 LINER PLATE CAPABILITY ASSESSMENT CR'ITERIA

The strains in the liner plate and anchorage system (welds and
anchors): from self-limiting loads such as dead load, creep;
shrinkage, and thermal effects are limited to the allowable
values specified in Table CC-3720-1 of Ref. 29, and the
displacements of the liner anchorage are limited to the
displacement values of Table CC-3730-1 of Ref 29. ‘

Primary membrane stresses in the liner plate and anchorage systenm
(velds and anchors) from mechanical loads such as SRV discharge
and chugging are checked according to Subsection NE-3221.1 of

Ref 28. Primary plus secondary membrane plus bendlng stresses
are checked according to Subsection NE-3222.2 of the same code.
Fatique strength evaluation is based on Subsection NE-3222.04.
Allowable design stress intensity values, design fatigue curves,
and material properties used conform to Subsection NA, Appendix I
of Ref 28.

The capacity of the liner plate anchorage is limited by concrete
pull-out to the service load allowables of concrete as specified
in Ref 30. '



6.4 :DOWNCOMER CAPABELITY ASSESSMENT CRITERIA
The allowable stresses for the downcomers are given in Table 5-3.
These allowable stresses are in accordance with Ref 28;
Subsection NE. As permitted by Subsection NE-1120 for MC
components, the downcomers are analyzed in accordance with
Subsection NB-3650 of Ref 28; however, the lower allowable
stresses, Sm, from Table I-10.1 for MC components are used when
performing the analysis. :




P

6.5 'PIPING, QUENCHER, AND QUENCHER SUPPORT CAPABILITY
' ASSESSHNENT CRITERIA

Piping in the containment and reactor building is analyzed in
accordance with Ref 28 Subsections NB3600, NC3600, and ND3600 for
the loading described in Section 5.5.

The quencher-is designed in accordance with Ref 28, Subsection
NC3200,for loading discussed in Subsection 5.5.3. The, quencher
support is designed in accordance with Subsection NF3000. of

Ref 28. ' ’



6.6 NSSS CAPABILITY ASSESSMENT CRITERIA .

1

| To be provided later.



6.7 _EQUIPMENT CAPABILITY ASSESSMENT CRITERIA

Assessment criteria for safety-related equzpment subject to LOCA
and SRV discharge loading which is located within the containment
and reactor building will be described in a revision to this
Design Assessment Report ("Safety-related" is defined in Table
1.8-1 of the FSAR).

-
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7.0 - DESIGN ASSESSMENT

Loads on SSES structures, piping, and equipment are defined in
Chapter 4. The methods by which these loads are combined are
discussed in Chapter 5. The criteria for establishing design
_capability are stated in Chapter 6.

This chapter describes the assessment of the adequacy. of the SSES
desiqn by comparing design capabilities with the loadings to
. which structures, piping, and components are subjected and

o demonstrating the extent of the design margin. The first section

©Of this chapter discusses the methodology by which design
‘capability and loads are compared. The second section indicates
‘the results of these comparisons. ,
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7.1 ASSESSMENT METHODOLOGY

7-1.1__Containment and Reactor Building Assessment_Methadology

7-1-1.1 _Containment Structure Assessment Methodology

‘The dynamic analysis for the structural response of the

containment and internal structures due to the SRV discharge .
loads and LOCA related loads is performed using the finite
element method. The ANSYS finite element computer program is
chosen for the transient dynanic analysis. PFigure 7-1 shows the
ANSYS finite element nmodel.

Plat shell elements are used to model the reinforced concrete
containment structure and the reactor vessel. Pipe elements are
used to model the columns supporting the diaphragm slab. The

.Soil structure interaction is taken into consideration by

modelling the soil using a series of discrete springs and dampers

.in three directions as shown on Figure 7-1. These discrete

springs and dampers are specified based on the formulae for
lunmped parameter foundations found in Ref. 32. :

The ANSYS program uses stiffness—-proportional-damping, implﬁing a
structural damping matrix in the following form:

{C} =g{K},
where C = Damping Matrix \
B8 = a stiffness—-proportional -
damping constant
K = Stiffness Hatrix

,FPigqure 7-2 shows the equivalent modal damping ratio versus the

modal frequency for structural stiffness—proportional-damping. A
value of g equaling 0.00063 is used in the ANSYS model which
corresponds to a structural modal damping of approximately 4
percent of critical at 20 Hz.

Two computer programs have been developed, one as a preprocessor
and the other as a postprocessor to the ANSYS computer program.
The preprocessor transforms the pressure forcing functions acting
on the suppression pool wvalls, base mat, and pedestal into a

-concentrated force acting at the associated nodes of the ANSYS

model. The postprocessor calculates the acceleration tinme
history from the displacement time history obtained by ANSYS and
scans for the maximum displacements and accelerations.

Acceleration time histories, maximum structural displacements,
accelerations, and broadened acceleration response spectra at
selected nodes and directions are developed for the analysis of
the piping, equipment, and NSSS systems. Response spectra curves
are developed for all the previously mentioned SRV discharge and
LOCA loadsa.




The response spectra are furnished for four different spectral
damping values, ie, 0.5, 1, 2, and 5 percent of critical. Each
spectrum has been broadened to account for the uncertainties in
the structural modeling techniques and material propertiess All
spectral accelerations are expressed in units of q (the

_gravitational constant).

Appendix B contains examples of the broadened response”spectra
curves developed for the different loading cases of SRV dlscharge
and LOCA related loads. (The pressure time history shown on
Fiqure 4-29 is used as the basis for the examples given.)

The ANSYS program (stress pass) is also used to compute the
forces and moments due to the SRV. . discharge and LOCA related
loads. These forces and moments are then combined with the
nonhydrodynamic loads in accordance with Table 5-1. Material

. stresses at the critical design sections in the primary

containnent and internal concrete structures are analyzed using
the CECAP codnmputer progran (Refer to Appendlx A to FSAR'Section
3.8) . Concrete cracking is considered in the analysis of
reinforced concrete sections.

7.1.1.2. Reactor Building Assessment Hethodoiogz

The construction of the SSBS reactor building is such that no
direct coupling with the containment occurs. A 2 in. separation
joint is kept between the containment structure and the reactor
building at all points vhere the two structures abut, except at
the base slabs vhere a cold joint exists. This arrangement
minimizes the transfer of any direct dynamic response to the
reactor building from the containment, vhere the SRV discharge.
and LOCA hydrodynamic loads originate. N

The average horizontal and vertical base accelerations from the
containment dynamic analysis are computed and used as input
motions on the reactor building foundations. This results in two
horizontal motions and one vertical motion. The input motions
are used in the form of acceleration time histories at the base
slab. Reactor building seismic models (horizontal north-south
and east-vest and vertical), as shown on PSAR Pigures 3.7-9
through 3.7-11 and explalned in detail in Subsection 3.7.2.1b of

- the FSAR, are used in the structural response analysis due to SRV

discharge and LOCA loads.

Appendix C provides examples of the broadened response spectra
curves for the reactor building due to SRV discharge loads for
the abnormal operatlnq transient (AOT) case at selected
locations. The pressure time history shown in Piqure 4-29 is
used as the basis for the examples given).The response spectra
curves are developed for use in the design of piping and NSSS
systems. The response spectra are furnished for four different
spectral damping values, ie, 0.5, 1, 2, and 5 percent of
critical. Each spectrum has been broadened to account for the

A
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uncertaintiés in the structural nmodelling techniques and material
propeties. All spectral accelerations are expressed in units of

g {(the gravitational constant). The forces and moments due to

SBV discharge-and LOCA loads are combined with the non- .

hydrodynamic loads in accordance with Table 5-1. ‘

'7.1.2» Structural Steel Assessment Methodology

-

7-1.2.1 _Suppression_Chamber Columns Assessment Methodology

The assessment methods used for non—hydrodynamlc loads such as
dead, live, pressure, tenperature, seismic, and pipe, rupture
loads are described in the PSAR, Section 3.8.3.4.5.

For the analysis of the colunns for hydrodynamic loads, the ANSYS
computer program is used. A typical column is modelled as a
fixed—ended beam as shown on Pigure 7-3. The total length of the
column is’ divided into beam finite elements joined at node

.points. An effective vater mass due to submergence is

considered. Dynamic horizontal forces are applied -to the coluamn
at the node points below water level. Time-varying forces and
moments in the column are calculated for each finite element.
These results are combined with those for non-hydrodynamlc loads
to determine the total forces and moments in the column.

1.1.2.2 _Dbowncomer Bracing Assessment Methodology

v

Axial loads are produced in the bracing due to lateral loading on

the downcomers. See Subsection 7.1.4 for a description of the

analysis of the downcomers for lateral loads. To determine the ‘ .
maxinum axial load in the bracing, lateral loads are assumed to

occur on all downcomers within a 90 degree influence zone in

.either the radial or tangential directions. Bracing for the 16

SRY discharge plpes is included with the downcomer bracing. A
sliding support is provided at the connection of the bracing to
the discharge pipe to allow the discharge pipe to move' vertically
without producing a reaction load on the brac;ng. Since these
lateral loads on the downcomers due to seismic and hydrodynanmic
loads are randomly oriented, various combinations of load
directions are considered in order to determine the maximum axial
load in the bracing. .

In addition to the axial load, there are lateral pressures

applied along the length.of the bracing members due to direct
hydrodynamic loading. Since the bracing members are of varying

lengths, several different lengths of bracing members are

considered for the analysis. Stresses in the downcomer bracing

due to equivalent static lateral pressures are calculated using

classical beam theory equations. Stresses in the downcomer .
bracing due to dynamic lateral pressures are calculated using the '
ANSYS computer program.. The total length of the bracing member

is divided into beam finite elements joined at node points. Aan

effective vater mass due to submergence will be considered.

Dynamic lateral forces are applied to the bracing at the node
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points. ., Time-varying forces and noments in the bracing member
are calculated for each finite element. Maximum stresses are
calculated from these results using classical beam theory

eguatlons. N . '

3

7.1.3 Liner Plate_ Assessment Methodoloqy

FSAR Subsectién 3.8.1 provides a description of the liner plate
and anchorage system for the containment. ) %

The analysis of the liner plate and anchorages for non-
hydrodynamic loads is in accordance with Ref 18. !

For the analysis of the liner plate and anchorages for
hydrodynamic suction pressure loads, the load on the liner is the
net negative pressure load. The net negative pressure load
equals the dynamic negative pressure due to SRV actuatxon or LOCA
chugging minus the static positive pressure due to hydrostatic
pressure or LOCA. Plgu:es 7-4 and 7-5 describe the loads on the
base mat and suppression chamber wall liner plate for the normal
and abnormal load combinations respect1Ve1y.

For the normal condition, the hydrostatic pressure on the base
mat is 10.4 psi and the maximum negative pressure due to the
-actuation of all SBRV's is 7.8 psi.

The distribution of these pressures on the suppression chamber
vall is shown in Figure .7-4.

For the abnormal condition, the total positive pressure on the
basemat is 35.4 psi which consists of 10.4 psi from hydrostatic
pressure plus 25,0 from LOCA (small or intermediate break

. accident). The total maximum negative pressure on the base mat
is 21.8 psi due to the asymmetric chugging load. The maximum
negative pressures from SRV actuation and chugging are combined
for conservatism.,K It is recognized that the probability of these
tvo phenomena producing peak negative pressures at the same time
is very low. The distribution of pressures on the suppression
chamber wall is shown in Figure 7-5.

Since the negative pressure is more than balanced by the positive
pressure, the liner plate does not experience any net negative
pressure. Therefore, there are no flexural stresses induced in
the’ liner plate. '

7.1.4 Downcomer Assesshent Methodoloqy

Stresses in the downcomer pipes due to static loads, such as dead
weight and pressure, are calculated using classical equations.

Stresses in the’downcomer pipes due to inertial loads caused by

seismic and hydrodynamic loads are calculated using the response
spectrum method. The ANSYS. computer progran is used to solve for
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the mode shapes and frequencies of the downcomers and the
downcomer bracing. A group of downcomer pipes and bracing
menbers is represented by a lumped mass model. Thé inertia
effect of the water surrounding the submerged portion of the
downcomers is approximated by the addition of an_ effective water
mass. The mass of water inside the downcomers is included in the
model for all dynamic loadings except LOCA. For the LOCA
conditions, the water has been vented from the downcomers and
therefore it is not included in the model.

The ANSYS computer program is used to calculate the stresses in
the downcomer pipes due to hydrodynamic lateral loads. A typical
downcomer pipe is modelled as shown in Pigure 7-6. Point A at
the top of the downcomer is restrained to' represent the fixity of
the downcomer at the drywell floor. Point B is laterally.
restrained to represent the lateral support ‘furnished by the
downcomer bracing. The total length of the douncomer is divided
into beam finite elements joined at node points. Dynanmic
horizontal- forces are applied to the downcomer at the node points
beloy water level. Time-varying forces and moments in the
douncomer are calculated for each finite element. Haximum-
stresses are calculated from these results using classical bean
theory equations.

7.1.5 _Piping and_ SRV _Systems Assessment Hethodology

The piping and SRV systems will be analyzed for the loads
discussed in Section 5.5 using Bechtel computer programs ME101
and ME632. These programs are described in FSAR Section 3.9.
Static and dynamic analyses 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. The drag and impact loads are applied as
equivalent static loads.

Response spectra at the piping anchors are obtained from the

dynamic analysis of the containment subjected to LOCA and SRV
loading. Piping systems are then analyzed for these response
spectra following the method described in Ref 19.




Tinme hlstory dynamzciana1751s of the SRV dlscharge piping
subjected to fluid transient forces in the pipe due to relief
valve opening 1s performed using Bechtel computer code ME632.

7.1.6 NSSS Assessment Methodology

‘To be provided later.

1.1.7" Equipmeﬁg Assessment Methodology

Analysis methodologies for safety-related equipment within the
containment and reactor building subject to LOCA and SRV ‘
discharge loading will be described in a revision to ‘this DAR
(*Safety related" is defined in Table 1.8-1 of the FSAR) <




7.2 DESIGN CAPABILITY MARGINS_

Stresses at the critical sections for each of the above
structures, piping, and equipment will be evaluated for all the
loading combinations presented in Chapter 5.

*The results of the structural assessment of the containment and
submerqged structures will be summarized in Appendix A. - {Figure
A-2 shows the design sections in the basemat, containment walls,
reactor pedestal, and the diaphragm slab considered in the ’
structural assessment). The tables of Appendix A at present give
the calculated design margins for load combination Eguation 1 of
Table 5-1 which applies to the previously mentioned structural,
components. Similar tables will be included in a future revision
of this report in order to present the full assessment of the
desiqn capability margin for all the other load combinations.

The reinforcing steel and concrete guality control test results
,show that material strengths are higher than the mininmum
specified values used in computing these marqins. This
conservatism, alonq with the overload factors in the load
combinations given in Table 5-1 and the material understrength
factors built into the allowable stress criteria, results in
actual safety marqgins gqreater that those given in the tables of
Appendix A.

The results of the structural assessment of the reactor-building
will be summarized in Appendix E.

The results of the analysis of the piping systems will be
summarized in Appendix F in the form of tables. These tables
will provide the maximum stress for the critical load
combination, the allowable stress, and the design margine

The results of the assessment of the Nuclear Steam Supply Systen
(NSSS) will be summarized in Appendix G.

The results of the assessment of equipment will be summarized in
Appendix H.
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9.0__RRESPONSES TO NRC QUESTIONS

.

This chapter will provide responses to those Nuclear Regulatory
Conmission (NRC) questions whichhave been designated by Ref 10
(as amended) to be found in the plant-unique Design Assessment
Report and to those questions for which the response in Ref 10 is
inapplicable. The NRC questions for which responses will be -
provided are identified in Section 9.1, and detailed responses to
the questions are found in Section 9.2.




9.1__IDENTIFICATION OF QUESTIONS UNIQUE_TO_SSES

The below listed queséions address concerns unigue to SSES.
These questions are answered in detail in Section 9.2. :

NRC OQuestion Number

020.26 .
M020.27

M020.44

M020.55
4020.58 (1), (2) , (3)
4020.59 (1), (3), (4)
¥020.60

M020.61

1130.1 '
%130. 2

M130. 4

¥130.5

M130.6

¥130.12

Question Topic

Primary and Secondary LQCA Loads
Inventory Effects on Blowdown
Poolswell Haves and Seismi¢ Slosh

SRV Loads on Submerged Structures
Plant Unique Poolswell Calculations
Downcomer Lateral Braces

Hetvell Pressure History

Poolsvwell Inside Pedestal

Pressure Loading Due to SRV Discharge
Load Combination History

Soil Modelling

Liner and Anchorage Mathematical Model

Containment Structural Model-Asymmetric
Loads

SRV Structural Response



9.2 OQUESTIONS UNIQUE'} TO_SSES AND RESPONSES_THERETO

QUESTION M020.26

The DFFR presents a description of a number of LOCA related
hydrodynamic loads without differentiating between primary and
secondary loads. Provide this differentiation between the
primary and secondary LOCA-related hydrodynamic loads. We
recognize that this differentiation may vary from plant to plant.
We would designate as a primary load any load that has or will
result in a design modification in any Mark II containment since
the pool dynamic concerns were identified in our April 1975
generic letters.

X

RESPONSE_M020.26

The table below shows the LOCA-related hydrodynamic loads on the
SSES containment. Those loads which have resulted in containment
design modifications are designated as "Primary Loads." These
primary loads result from the poolswell transient.

Drywell floor uplift pressures during the wetwell compression
phase of poolswell lead to the decision to increase the SSES
drywell floor design safety marqgin for uplift pressures by
relocating drywvell floor shear ties.

Poolswell impact, dragqg, and fallback loads resulted in' the
relocation of equipment in the SSES wetwell to a position above
the peak poolswell height. Furthermore, the downcomer bracing
system was redesigned.

All other LOCA~-related hydrodynamic loads are designated as
"Secondary Loads" since no design modification has resulted from
their presence.

LOCA Load “primary Load" Secondary_Load!
1. wetweli/Dtywell Pressures X<
(During Poolswell)

2. Poolswell Impaqt Load X¢2)

3. Poolswell Draq Load X(3)

4. Downcomer Clearing Load X

5. Dovnéomer Jet Loéq ‘ X

6. Poolswell Air Bubble Load X

7. Poolswell Pallback Load XCa)

8. Mixed Flow Condensation
Oscillation Load X




9. Pure Steam Condensation
Oscillation Load X

10. Chuqqging- X

11. Wetwell/Drywell Pressure and
Temperature during DBA LOCA X
(Long Term) ‘ .

12. Wetwell/Dryvell Pressure and
Temperature during IBA LOCA X
{Long Term)

13. Wetwell/Drywell Pressure and.
Temperature during SBA LOCA X
{Long Termn) . :

Footnotes:

(1) Shear ties changed in drywell floor.

{(2) Equipment moved in wetwell.

}3) Equipment moved in wetwell. Bracing system redesign.
(4) Equipment moved in wetwell. ’

QUESTION M020.27

The calculated dryvell pressure transient typically assumes that
the mass flow rate from the recirculation system or steamline is
equal to the steady-state critical flow rate based on the
critical flow area of the jet pump nozzle or steamline orifice.
However, for approximately the first second after the break
opening, the rate of mass flow from the break will be greater
than the steady-state value. It has been estimated that for a
Mark I containment this effect results in a temporary increase in
the drywell pressurization rate of about 20 percent above the
value based solely on the steady-state critical flow rate. The
dryvell pressure transient used for the LOCA pool dynamic load
evaluation, for each Mark II plant, should include this initially
higher blowdown rate due to the additional fluid inventory in the
recirculation line.

RESPONSE_M020, 27

The drywell pressure transients have been recalculated by GE (Ref
7) with the additional blowdown flow rate produced by the
inventory effects included in the analysis. The LOCA loads
presented in Section 4.2 have been calculated using these
recalculated drywell pressure transients. Specifically, the
dryvell pressure transient resulting from the DBA LOCA including
the effects of pipe inventory has been used as input to the
poolswell model.



QUESTION M020.44

-

Table 5-1 and Figures 5-1 through 5-16 in the DFFR provide a
listing of the loads and the load combinations to be included in
the assessment of specific Mark II plants. This table and these
fiqures do'not include loads resulting from pool swell waves
following the pool swell process or seismic slosh. HWe require
that an evaluation of these loads be provided for the Mark II
containment desigqgn.

RESPONSE MOZO.QQ

This information will be supplied in a subsequent revision to
this DAR. g

QUESTION #4020.55

The computational method described in DFFR Section 3.4 ‘for
calculatan SRV loads on submerged structures is not acceptable.
It is our position that the Mark II containment applications
should commit to one of the following two approaches:

(1) Design the submerged structures for the full SRV
pressure loads acting on one side of the structures; the
pressure attenuation law described in Section 3.4.1 of

NEDO-21061 for the ramshead and Section A10.3.1 of NEDO-

11314-08 for the quencher can be applied for calculating
the pressure loads.

(2) Follow the resolution of GESSAR-238 NI on this issue.
The applicant for GESSAR-238 NI has proposed a method
presented in the GE report, "Unsteady Drag on Submerged
Structures," which is attached to the letter dated March
24, 1976 from G.L. Gyorey to R.L. Tedesco. This report
is actively, under review. .

RESPONSE M020.55

Loads on submerged structures due to SRV actuation. are discussed
in Subsection 4.1.3.7.

QUESTION M020.58

Relating to the pool.swell calculations, we require the following
information for each Mark II plant:

(1) Provide a description of and justify all deviations from
the DFFR pool swell model. Identify the party
responsible for conducting the pool swell calculations
{ie, GE or the AfE). Provide the program input and
results of bench mark calculations to qualify the pool
swell computer proqram. . l

\
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(2)

(3)

RESPONSE

Provide the pool swell model input including all initial
and boundary conditions. Show that the model input
represents conservative values with respect to obtaining
maximum pool swell loads. In the case of calculated
input, (ie, drywell pressure response, vent clearing
time), the calculational methods should be described and
justified. 1In addition, the party responsible for the
calculation (ie, GE or the AEE) should be identified.

Pool swell calculations should be conducted for each
Mark II plant. The following pool swell results should
be provided in graphic form for each plant:

(a) Pool surface position versus tinme

{b) Pool surface velocity versus time

" {c) Pool surface velocity versus position

(d) Pressure of the suppression pool air slug and the
wetwell air versus tinme. .

(1)

(2)

@ o

M020.58

A specific response to this question can be found in
Subsection 4.2.1.1. Verification of the SSES rpoolswell
model is provided in Appendix Section D.l. .

Input and discussion of the poolswell model input can be
found in Tables 4-17, 4-18, and Section 4.2.1.1.

The requested graphic results of the SSES poolswell
calculation can be found in Fiqures 4-38, 4-39, 4-40,

QUESTION M020.59

In the 4T test report NEDE-13442P-01 Section 3.3 the statement is
made that for the various Mark II plants a wide diversity exists
in the type and location of lateral bracing between downcomers
and that the bracing in the 4T tests vwas designed to minimize the
interference with upward flow. Provide the following information
for each Mark II plant:

. (1)

(3)

A description of the downcomer lateral bracing systen.
This description should include the braciny dimensions,
method of attachment to the downcomers and walls,
elevation and location relative to the pool surface. A
sketch of the bracing system should be provided.

The basis for calculating the impact or drag locad on the
bracing system or downcomer flanges. Theé maqnitude and

duration of impact or draq forces on the bracing system

or downcomer flanges should also be provided.



(4) An assessment of the effect of downconmer flanges on vent
.+ 'lateral loads. : .

RESPONSE M020.59

’

(1) A downcomer brac1nq system is furnished to resist
lateral loads on the downcomers. The original downcomer
‘bracing vas designed to resist seismic inertia loads. A
revised downcomer bracing system has been designed to
.resist hydrodynamic loads as well as seismic inertia
loads. The revised bracing system consists of
horizontal 6 in. diameter steel pipes spanning between
the downcomers and embeds in the suppression chamber
wall or the RPV pedestal. The pattern of bracing
menbers forms a horizontal truss as shown on Figure 9-1.
The bracing members are bolted or welded to the
downcomers and embeds in the suppression chamber wall as
- shown on Pigure 9-2. The bracing system is located 8 ft
from the bottom end of the downcomer which is .3 ft below
the normal water level.

(3) The basis for calculating the impact or drag loads on
the downcomer bracing system (el. 668') and downcomer
stiffener rings (el. 668! and el. 682%') is given in

. Section 4.2. The magnitude and duration of impact or
-drag forces on the bracing system and downcomer
stiffener rings is also given in Section 4.2 .

(4) This item is not applicable to the SSES design.

QUESTION M020.60

In the 4T test report NEDE-13442P-01 Section 5.4.3.2 the
statement is made that an underpressure does occur with respect
to the hydrostatic pressure prior to the chug. However, the
pressurization of the air space above the pool is such that the
overall pressure is still positive at all times during the chug.
We require that each Mark II plant provide sufficient information
reqarding the boundary underpressure, the hydrostatic pressure,
the air space and the SRV load pressure to confirm this statement
or alternatively provide a bounding calculation applicable to all
Mark II plants.

RESPONSE_4020.60

This information -will be supplied in a subsequent rev151on to
this DAR. ) )

QUESTION M020.61

Slqnlflcant variations exist in the Mark IT plants with regard to
the design of the wetwell structures in the reqlon enclosed by
~the reactor pedestal. These variations occur in the areas of (1)
concrete backfill of the pedestal, (2) placenent of downconmers,
(3) wetwell air space volumes, and (4) location of the diaphragm
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relative to the pool surface. 1In addition to variation between
plants, for a given plant, variations exist in some of these
areas within a given plant. As a result, for a given plant,
significant differences in the pool swell phenomena can occur in
these two regions. We will. require that each plant provide a
separate evaluation of pool swell phenomena and loads inside of
the reactor pedestal.

RESPONSE_4020.61

The SSES pedestal and wetwell area is shown on Figures 1-1 and
9.3. Due to the absence of downcomers in the pedestal interior,
no pool swell would be expected in this region. There are 12
holes in the pedestal, however, eight of which would allow the,
flow of vater from the suppression pool to the pedestal during a
LOCA. Some downcomers are near the pedestal: flow holes, leading
to the possibility that air could be blown through the pedestal
holes, which would lead to a greater pedestal pool swell than-
would be experienced by incompressible water flow alone. One
would expect the pedestal pool swell to be much reduced from the
suppression pool swell due to its relative separation from.the
suppression pool and the lack of direct charging from dcwncomer
vents. Indeed, 1/13.3 scale model tests of the SSES pedestal
design conducted -at the Stanford Research Institute under the
sponsorship of EPRI show that the pedestal pool swell is less
than 20 percent of the pool swell in the suppression pool

({Ref 31). There is no piping or equipment inside the SSES
pedestal and, since the pedestal pool swell is very small, the
only load involved due to pedestal pool swell would be a small eP
across the pedestal due to different water levels between the
suppression pool and the pedestal. This load is counsidered in
the design of the SSES pedestal.

QUESTION #130.1

Provide in Section 5 a description of the pressure loadings on
the containment wall, pedestal wall, base mat, and other
structural elements in the suppression pool, due to the various
conbinations of SRV discharges, including the time function and
profile for each combination. If this information is not
generic, each affected utility should submit the information as
described above.

RESPONSE_#130.1

Chapter 4 describes the pressure loadings and time histories due
to SRV discharge and other hydrodynamic loads.

-

QUESTION ¥4130.2
In DFFR Section 5.2 it is stated that the load combination

histories are presented in the form of bar charts as shown on
Figures 5-1 through 5-16. It is not indicated how these load

9-9



combination histories are used. In particular, it is not clear
whether only loads represented by concurrent bars will be
conbined, and it should be noted that depending on the dynamic
properties of the structures and the rise time and duratidn of
the loads, a structure may respond to two or more given loads at
the same time even thouqgh these loads occur at.different times.
Also, although condensation oscillations are depicted as bars on
the bar charts, the procedure for the analysis of structures due
to these loads has not been presented. Accordingly, the
description of the method should include consideration "of such
conditions. Also, for condensation oscillation loads and for SRV
oscillatory loads, include low cycle fatigue analysis.

RESPONSE 4130.2 ‘

The loads will be combined according to Tables 5-1 and 5-2 of
this DAR to assess the containment structural components.
Chapters 5 and 7 explain the load combination methods used in
containment analysis. The structural analysis procedure to
account for condensation oscillation load will be presented in a
subsequent revision to this DAR.

QUESTION M130.4

AThrouqh the use of fiqures, describe in detail the soil modelllnq
as indicated in DFFR Subsection 5.4.3 and describe the' solid
finite elements which you intend to use for the soil.

RESPONSE _M130.4

Soil modelling is explained in Subsection 7.1.1.1 and Fiqure 7-1.

QUESTION 4130.5

Describe the mathematical model which you will use for the ‘liner
and the anchorage system in the analysis as described in. DFFR
Subsection 5.6.3.

RESPONSE_4130.5

The mathematical model which will be used for analysis of the
linér and the anchorage for hydrodynamic suction pressures is
described in Subsection 7.1.3.

QUESTION M130.6

In DFFR Subsection S5.1.1.1 it was stated that the SRV discharge
could cause axisymmetric.or asymmetric loads on the containment.
In Subsection 5.4.1 an axisymmetric finite element computer
program is recommended for dynamic analysis of structures due to
SRY loads, and no mention is made of the analysis for asymmetric
loads. Describe the structural analysis procedure used to
consider asymmetric pool dynanic loads on structures and through

~
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the use of fiqures, describe in more detail the structural model

which you intend to use.

RESPONSE_M130.6 ‘ -

The dynamic analyses and models used are explained in Chapter 7 .

QUESTION M130. 12

Reference is made in DFFR Subsection 5.4.3 to studies of
structural response to SRY load. Provide citations for this
reference and where such studies are not readily available,
copies are requested.

RESPONSE M130.12 .

Studies mentioned in DFFR Subsection 5.4.3 are the results of
analysis completed for a specific plant at the time of Wwriting of
the DFFR. Reference to the studies was intended to indicate the
need for considering strain dependent soil properties. For- the
SSES analysis, Ref 32 is used to determine the soil constants in
the analysis.
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APPENDIX A

Containment Design Assessment

This appendix indicates the containment elements and cross-
sections where stresses are to be determined and contains a
tabulation of- the predicted stresses, allowed stresses, and
desiqn marqgins for each loading combination considered. The
structural assessment of the containment is covered id Section
A.1; the submerged structures are assessed in Section A.2.

A.1 CONTAINMENT STRUCTURAL DESIGN ASSESSHENT

Typical examples of this material are included in the report
(Figures A-1 through A-9); a complete Section A.1 wWill be
included in a future revision to this report.

A.2 CONTAINMENT SUBMERGED STRUCTURES_ DESIGN ASSESSMENT

To be included in a future revision to this report. .



CECAP OUTPUT
LOAD COMBINATION EQN. 1=1.4D+1.5 SRV(ASYM)

STRESSES IN KSI

STRUC.

v 3HNOId

TIVM T73IMAHA
SNIDHVIN LNJWNIV.LNOD

LH0Od3Yd LNJINSSASSY NOIS3a

Z ANV L SLINN
NOILVLS J14103713 WV3ILS VNNVHINDSNS

EBAR* OUTSIDE FACE REBAR *
TURAL Efg:!:fﬂ secrion | 'NSIDEFACER S EBAR SHEAR | PRINCIPAL
COMPO-| ivere | NUMBER - TIES CONC.
NENT | VERT. HOOP VERT. HooP SPIRAL1 | SPIRAL2 STRESS
86 1 -0.017 -0.067 , | -0.123 0.123 0.027 -0.027 -0.233 -0.039
103 2 0099 | -0.054 -0.145 0.052 -0.018 -0.076 -0.103 -0.026
-t
<
=
j .
g 231 3 -0.264 -0.017 -0.373 0.080 -0.126 -0.166 ~0.127 -0.063
¢
Q
3 4 -0.350 0.409 -0.480 0.618 0.097 0.044 -0.140 -0.076
315 5 -0.636 0.570 -0.595 0.586 0.007 -0.015 0304 | -0.090

*ALLOWABLE REINFORCING STEEL STRESS =54 KSI
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LOAD COMBINATION EQN. 1=1.4D+1.5 SRV(ASYM)

CECAP OUTPUT

STRESSES IN KSI
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FACE REBAR® ouTS!I *

Sunai| ANSYS || INSIDE FACE REBAR SIDE FACE REBAR siEan | PRINCIPAL
ELEMENT NG

COMPO-| wumser | NUMBER . TIES -

NENT VERT. HOOP VERT. HOOP | SPIRAL1 | SPIRAL2 STRESS
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o 348 13 - —_
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*ALLOWABLE REINFORCING STEEL STRESS=54 KS!




CECAP OUTPUT
LOAD-COMBINATION EQN. 1=1.4D+1.5 SRV(ASYM)
STRESSES IN-KSI

9V 3HNOId

TIVM T173MLIM
SNIDHVYI LNIWNIVLNOD

LH0d3Y LNJWSSISSY NDIsaa

Z ANV L SLINN
NOILVLS J14.10373 WVILS YNNVHINDSNS

STRUC-
Y INSIDE FACE REBAR* OUTSIDE FA *
TURAL ANSYS SECTION NSIDE FACE REBAR SIDE FACE REBAR SHEAR PRINCIPAL
ELEMENT CONC
COMPO- - NUMBER NUMBER TIES :
NENT VERT. HOOP VERT. HOOP SPIRAL 1 SPIRAL 2 STRESS
441 7 -0.99 6.11 3.60 1.39 1.36 -0.080 -0.145
455 8 -0.94 3.76 -0.95 252 0.99 0.59 -0.140 -0.140
|
é 473 9 -0.92 291 -0.87 2.08 0.62 0.59 -0.078 -0.131
3 .
-d
2
w
= 475 10 -1.23 6.10 -0.703 4.04 1.69 1.65 -0.052 -0.191
495 1 -1.24 4.09 -0.83 3.1 1.12 117 -0.32 -0.19
385 6 .

*ALLOWABLE REINFORCING STEEL STRESS=54 KS|
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LOAD COMBINATION EQN. 1=1.4D+1.5 SRV(ASYM)

CECAP OUTPUT

STRESSES IN KSI

STRUC-
. DE FACE REBAR* OUTSIDE FACE REBAR *
TuraL| AMSYS | geomion | MWSIPE siear | PRINCIPAL
ELEMENT CONC.
COMPO-| \mepr | NUMBER TIES
NENT VERT. HOOP VERT. HOOP SPIRAL1 | SPIRAL2 STRESS
484 16 1.7 0.472 -3.15 0.687 0.0 0.0 1.68 -0.552
550 17 -0.953 0.926 -1.78 2.57 0.0 0.0 0.160 -0.264
-1
<
b
&
a 595 18 -1.12 0.306 173 0.48 0.0 0.0 -0.030 -0.257
a.
>
Q.
[+
606 19 -1.07 -0.038 -2.19 0.238 0.0 0.0 0.234 -0.337
644 20 ‘.28 -0.031 2.7 0.196 0.0 0.0 0.281 -0.330

*ALLOWABLE REINFORCING STEEL STRESS=54 KSI




CECAP OUTPUT

LOAD COMBINATION EQN. 1=1.4D+1.5 SRV(ASYM)
STRESSES IN KSI

8-v 38NOId

gvs 3svd
SNIDHVW LNIWNIVLINOD

1HOd3IH LNJWSSISSY NOISaa

ZdNV L SLINN
NOILV.LS 21410373 WV3LS YNNVHINDSNS

“

STRUC. TOP FACE REBAR®** wan
TURAL| ANSYS | seerign A BOTTOM FACE REBAR sHEAR | PRINCIPAL
ELEMENT CONC.
compo| & NUMBER TIES TRESS
nenT | NUMBER RADIAL |TANGENTIAL| RADIAL |TANGENTIAL STRES
551 30 8.51 " 2,10 2.43 0.92 0501 | -0.129
LX) *
607 26 0.431 1.28 0.26 -0.13 0277 | -0.082
[+2]
<
-
w0
@ .
g 651 29, 3.55 2.41 1.42 0.82 0095 | -0.075
* *%
710 27 0.554 0.680 3.11 1.96 0.200 -0.102
N * L X J
-927 28 5.89 6.44 0.54 0.021 0.481 -0.105

* NORTH - SOUTH BARS

** EAST - WEST BARS
*** ALLOWABLE REINFORCING STEEL STRESS=54 KS!
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NOILVLS J214103713 WVY3LS YNNVHINOSNS

CECAP OUTPUT
LOAD COMBINATION EQN. 1=1.4D+1.5 SRV(ASYM)

STRESSES IN KSI

STRUC- . "
Turatl ANSYS | ceerion TOP FACE REBAR BOTTOM FACE REBAR®| | PRINCIPAL
ELEMENT CONC.
compo-| = NUMBER TIES
NenT | NUMBER RADIAL |TANGENTIAL| RADIAL |TANGENTIAL STRESS
387 25 3.60 3.71 2.90 4,54 -0.321 -0.050
@ 411 24 1.93 3.40 3.23 5.55 -0.220 -0.044
-l
v
s
-2
= 440 21 3.33 1.55 2.93 1.69 . -0.350 -0.048
g .
Q -
452 22 0.844 3.62 1.92 4.42 4.61 -0.073
470 23 0.392 3.87 2.18 5.68 4.56 -0.031

*ALLOWABLE REINFORCING STEEL STRESS=54 KSI
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APPENDIX D

lFIGURES

Nunmber Title

D-1 Code Verification-Poolswell Height for Class 1 Plant
D-2 code Verification-Poolsvell Velocity for Class 1 Plant
D-3 que Verification-Poolsvell Height for Class 2 Plant
D-4 , Code Verification—-Poolsvell Velocity for Class 2 Plant
D-5 ‘ Code Verification-Poolswell Height for Class 3 Plant
D-6 Code Verification—-Poolswell Velocity for Class 3 Plant
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Drywell Pressure Transients for the Test Cases

-

PLant Specific Parameters for the Test Cases

COmparlson of Haxinmum Pool Svell Veloclty for
Classes,l, 2, and 3 Test Cases

Common Assumptions for the Test Cases



APPERDIX D
PROGRAN VERIPICATION

The purpose of this appendix is-to provide information which
verifies the accuracy of the computer progranms used in
coniunction with SSBS design -assessment.

Do 1 EOOLSEELL 10D EL VggIEIChIIOH

This subsection -demonstrates the accuracy of the SSES DAR
poolsvell ‘model ‘by comparing it with the model developed by the
General Rlectric Company.. The latter model has predicted
conservatively the results of the 4T poolswell tests (Ref 8).

To evaluate the agreement between the GE poolswell code and the
poolsvell code used for the SSES DAR, three test cases were
selected. The test cases used were the Classes 1, 2, and 3
plants described in Ref 10. The input data for these three
problems are given in Tables D-1 and D-2 ‘(taken from Ref 9). (In
the verification of the model, the boundary conditions assumed by
GE in Ref 9 were used., These assunptions are shoun in Table D-
4.) . These data are representative of typical U.S. Mark II BWBs.
The poolswell code used in this DAR was revised until the results
vere in close agreement with GE's results as given in Ref 9.
Agreenment was -judged by examining the peak swell velocity
predicted, since this is one of the 'most important pool svell
parameters and one that is fairly sensitive to how the phenonmenon’
is modelled. The degree of agreement finally achieved between
the poolswell code used in this DAR and the GB code is shown in
Table D-3 where peak swell velocities are compared. Transient
comparisons for Classes 1, 2, and 3 plants are shown on Pigures
D~1 through D~-6 where the transient predictions of the two codes
are shown to be essentially identical. Prom the good agreenent
shown in the check cases, the poolswell code used in this DAR is
verified to be the same as the GE code for evaluation of pool
svell.
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APPENDIX E

REACTOR BUILDING STRUCTURAL DESIGN ASSESSMENT

’ The results of analysis of the reactor building structure will be
summarized in this appendix. This appendix will be provided in a
future revision to this report..







