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ACTION PLAN

FOR

MARK I LOAD DEFINITION REPORT

REVISIONS TO

IMPLIMENT NRC
*

.

ACCEPTANCE CRITERIA FOR

COMPLETION OF LONG TERM PROGRAM

(7)(lbh,

12/19/79'

R.M.N.
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NRC ACCEPTANCE CRITERIA

OCTOBER 31, 1979

o CLARIFICATION OF REQUIREMENTS

IN CRITERIA

o DIRECT IMPLICATI0tl 0F NRC
CRITERIA

FOLLOW ON CHANGES IN IMPLIMENTATION-

DUE TO CLARIFICATION DISCUSSIONS

12/19/79
R.M,N.
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LOAD DEFINITION REPORT FOR

MARK I LONG TERM PROGRAM

COMPLETION

o LDR REVISION PROGRESSING

BASED ON NRC ACCEPTANCE

CRITERIA IMPLEMENTATION

o ISSUE REVISED LDR TO

UTILITY /AE's FOR STRUCTURAL

EVALUATIONS

SPRING 1980

12/19/79
R.M.N.
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REVISION A - LDR CATEGORIES

LOADS WHICH CAN BE CHANGED INCATEGORY I -

THE LDR IMMEDIATELY

CATEGORY II - LOADS WHICH WILL REQUIRE A
,

NOMINAL AMOUNT OF WORK TO

REVISE LDR

CATEGORY III- LOADS WHICH WILL REQUIRE A MORE

EXTENSIVE AMOUNT OF WORK TO

REVISE LDR

12/19/79
R.M.N.
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CATEGORY I LOADS

.

o VENT SYSTEM THRUST LOADS

o POOL SWELL LOADS

TORUS NET VERTICAL-

TORUS SHELL PRESSURE HISTORY-

VENT SYSTEM IMPACT & DRAG-

DOWNCOMER IMPACT & DRAG-

. MAIN VENT IMPACT & DRAG

- FROTH IMPINGEMENT

o T-QUENCHER LOADS

TORUS SHELL PRESSURES-

12/19/79
R.M.N.

,
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CATEGORY II LOADS

o POOL SWELL LOADS

LOCA JET-

VENT HEADER DEFLECTOR LOADS-

QSTF METHOD

o CONDENSATION OSCILLATION

LOCA DRAG LOADS-

o T-QUENCHER LOADS

WATER JET LOADS-

BUBBLE DRAG LOADS-

.

12/19/79
R.M.N.
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CATEGORY III LOADS

.

o POOL SWELL LOADS

IMPACT & DRAG ON OTHER STRUCTURES-

AB0VE THE POOL

LOCA BUBBLE DRAG-

- VENT HEADER DEFLECTOR LOADS

ANALYTICAL METHOD

o CONDENSATION OSCILLATION

LATERAL LOADS ON DOWNCOMERS-

o CHUGGING

LOCA DRAG LOADS-

LATERAL LOADS ON DOWNCOMERS-

12/19/79
R.M.N.
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POOL S',.tLL DOWilLOAD

NRC CRITERIA:

2 X 10-5 (DOWN g )2DOWN = DOWNggg +

.

CLARIFICATI0ti:

DOWN = DOWilMEAtl (1 + 0.00002 PEAKDOWN gg)g

..

LDS

12/19/79
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RANGE OF PARAMETERS

INFLUENCING DEFLECTOR LOADS

(FULL SCALE VALUES)

DEFLECTOR LOADS

MEASURED IN QSTF REMAINING PLANTS FOR WHICH
(6 PLANTS - 12 CONFIGURATIONS) DATA IS NOT AVAILABLE (7 PLANTS)

1) CLEARANCE (IN) 0 - 21.05 0 - 14.29
(DISTANCE FROM BOTTOM 0F

DEFLECTOR TO WATER SURFACE)

'

2) DEFLECTOR WIDTH (IN) 25.3 - 30.0 20.0 - 26.0

3) i'(PSI /SEC) 116. 1 - 711. 0 5 4 .11 - 711. 7.

ft) DOWNC0t1ER SUBMERGENCE (FT) 3.0 - 11 . 2 5 3.33- 11 . 'i

.

A' ACUREX.

/C T Corporation
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PROCEDURE FOR CREATING YENT HEADER DEFLECTCR

LOAD DEFINIT!;N FROM OSTF DEFLECTOR LOAD MEASURE.WNT

. - -- . .
...... . . . . .... .

..

.
.

. .. .. . . .

.

.
.

.

1) Plot K vs z/l. using e. .

EPRI Vint orifice data 554 AT7AC'#'2
Num&?< cM. R&c.!E .

.
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O Z/L 1.0
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TEST TARGET (MT-3)
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2) Surface icceleration given by .
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KXX
=

-

z/ MP .

. L .

. .

.

AND -'

. ..

/X, dsX =
2 .

*//L L
'

.'

X =/X d5-

z
I z/ . .

L L

3 )'
Run existing analysis (NECO-24612) using NRC criter(ia drag coefficientsand nistories from 2) to produce 4 lead histories /L = 0, .5 1.0 t cTidZ ,

,

..

.

f|
/ .

2/t 1.0
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THRUST LOAD
-

e ANALYTICAL MODEL FOR DOWNCOMER INTERNAL

PRESSURE CONSERVATIVE FOR aP AND ZERO AP

PREDICTIONS

VENT CLEARING PREDICTED LATER THAN QSTF-

DOWNCOMER PRESSURE DURING TIME BETWEEN-

VENT CLEARING AND BUBBLE BREAKTHROUGH

IS GREATER THAN QSTF

- ZERO AP VENT CLEARING PREDICTED EVEN LATER

.

S. A. HucIK
12/19/79
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SRV TORUS SHELL PRESSURES

'

FIRST ACTUATIONS:

USE LDR FIRST ACTUATION PRESSURE PREDICTION-

USE LDR FIRST ACTUATION FREQUENCY PREDICTION 25%-

.

SUESEQUENT ACTUATIONS

USE LDR FIRST ACTUATION PRESSURE PREDICTI0il-

USE LDR SUBSEQUENT ACTUATION FREQUENCY ?REDICTION-

407.

.

LDS

12/19/79

_ _ . _
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SRV TORUS SHELL PRESSURE ATTEilUATIO.:1

SOME PRESSURE PREDICTI0ils RESULT IN:

.

SHELL
PRESSURE

:

x__ ____ [ 2.

( ) !

k.CUENCHER

RESOLUTICl1: LIMIT PRESSURE TO "X" AT AND BEYOilD d

50 or mcre

SEE EQU b. tod 2 - 2;z bled E - ggq Q . pT.

LDS
12/19/79
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SRV TORUS SHELL PRESSURE ATTEi10AT10N

PRESSURE PREDICTI0ilS AT LARGE DISTA.1CES FROM

THE QUEf4CHER RESULT 101:

(x i l/
,

w be- _,w p e ,
% t d \e~.h C

4 k

I

RESOLUTI0il: ATTENUATE TO ZER0 AT WATER SURFACE

us EQu n cQ 7.2g wec e. - 2t ts, -P

LDS

12/19/79

. . . _ _ _ _ _ _ _
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SRV TORUS SHELL PRESSURES FOR

MULTIPLE DISCHARGE LOADS
_

NRC CRITERIA:

COMBINED PEAK TORUS SHELL PRESSURE LIMITED TO

MAXIMUM OF 1.65 TIMES PREDICTED PEAK BUBBLE

PRESSURE

Cl.ARIFICATI0il:

, + -

1.65 Peak
'ubble Prese ..

M.!\\''
I

LDS

12/19/79
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SuessasEb sTR.ucTuRE S,
.

hoCA B333LE_ DQAG L._ . p A b - FLo W P1ELb
_

N R C. CRtTER \ A 0
0 AFTER con TACT BETW EEN BusaLES OF

AD TACEN T Dov)NccMERS, Pooi. SuaELL FLcto

FtELD AsovE p owucoms R. e x. g r .

- L(N I FOR M. FLOW FtELb AeoVE dew Mco M ER-

Es\T .

FLouJ ftELD V ELoc TTY DETERM t N E b FROM-

a s T F: PLAMT LA MI G u E TEST S .

DRAG LOAD CALcuLATIOM ENDS wHEN-

BuesLE E N sat.FS STRucT uRE .

SAH-1
11.\ \% 1't
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SuSMERcdD STRUCTURES

LocA Bu.BBLE CRAG LOAD - FLo W Fl2LD .
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S&tBMERG ED STRU CTURES

QuGNCHe*R ARM LOA b5

Q uENCHER ARM L.oADS BASED*

ON ASSctM Eb BUBBLE As yMRET.W,

o MAXir^u M StDE FoR.cE CALCtALATt ON

- MA'timuM Bu BBLE PRE 55ue.E cM OM E
snes of ARM,.

EERD ON OPPo s iT E SIDE-

fL ++
C,<s s. ,55 , ,a

a MAxlMuM MoMEMTtAm c.A Lcu L Arto 70 .

- MAy,Imum Po s i T1V E BuSSLE FREssureE
ON DI AGordA L OF ARMS

- FERO oN REMAIN I N G PostrioN s
i

b
Cis its; : s: , . s '' O.

SKW \+ 12.lr9 hc
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su,BME RGE D STRu.cTu2E S.

_

Go.ENcH ER ARM LcAb5
_ __ __ _ _ . - _ . _ , . _ ___.-

O MoNTICELLO TG TEST DATA SUPPORTS

No BusBLE ASYMME TR.Y .

BUBBLE PRESSL.RES iN PHASE-

oN EACH Stb 5 07: T Q. ARMS

DiFFERENTI AL PRESSURES supponT--

1N- P9 ASE AssuM PTt oN .

9 LOAD DEFIN t TroM M ETHO DOLOG Y

C,on SE R.VATW E EASED ON Mo#TicELLO DArd.

SKA-2
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FSTF SNAP TEST-

TEST MATRIX AND STATUS

PURPOSE:

To DETERMINE DAMPING AND NATURAL FREQUENCY OF MARK I

DOWNCOMERS

WETWELLTEST MATRIX:
DC WATER WATER

TEST No. D/C PAIR CCNDITION _[!!VE L LEVEL

1 586 UNTIED DRY FLOODED

2 7&8 UNTIED DRY FLOODED

3 536 TIED DRY FLOODED

4 788 TIED DRY FLOODED

SCHEDULE:

COMPLETE IESTS FiBRUARY 1980

COMPLETE IEST REPORT MARCH 1980

COMPLETE EVALUATICN REPORT APRIL 1980

RHK-2
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SilAP_IESLSCllEDULE
-

Test Schedule By lleek Deginning

11/26 thru 1 '7, 1/14 _1/21 1/26 ' 2/4_ g)1 2/18 2725 _3/4_ 3/11 3/18
1

Finalize Test Procedure ___

r.- _. ,

Design Test Itardware g_
_

_,,_,3

Install Instrumentation

Checkout Instrumentation '
--

n-v .
'Snap Tests 1 & 2

Snap Tests 3 & 4

Report Preparation (Test) f ~ M"
.

(Hyle) - .- .,'
,

" ' " ~ "
Model/ Data Evaluation

.JReport (Bechtel) L1 m _ - 2

Meeting with flRC
4,_

~

.

i



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

.
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.

STF C/0 RETEST -

TEST MATRIX AND STATUS

PURPOSE:

TO PROVIDE ADDITIONAL STATISTICAL BASIS FOR C/0 TEST DATA
DURING LARGE LICUID 3REAK TO ASSURE LDR C/0 LOAD SOUNDS TEST

,

DATA

TEST MATRIX:

TEST No, Stuttaa To:

M-11 M-8

M-12 M-8

SCHEDULE:

.

COMPLETE TESTS JULY 1980

COMPLETE IEST REPORT NoveMsER 1980

CcMPLETE EVALUATICN REPCRT DECEMBER 1980

,

o

RHK-4



~

O

,
"

,

.

1

Iujd ''5

u_ F ~

" ' m
V
0 _
1 _ "
t

6
!

~ ~ _

~

~~ _
"

M _ '

-

~-0

~m
g'-) "
-

T _ - ,._. '> .

P _
-

~ mE ' ' _
'

S ' w ".
_

o_- "- 'r ~ ~G ,

l ~ - - ~
'f _

"-

L-

A ~

~

-
-

Y
~L

,
~

-U

l). "J
- -

" - . -.

E _ ^ . . ,- -
f -_ . .,' -

_

_

H
T .' .] .

_

J
..

. -_
-

-.

_ ;c
F -

_ .E T

-. , _l S V _
f -_0 F 'A -_.

-.-T N . '
- . - -

S - ' j

L I {,

- =I R . -
, . .c ~L , -

*' . --H K P ,

_
.

.
H A - -

. c ;- ~ja. .
.

,
,

_ .

E. ~
.

l
.

,l
.

_ ._8 A -.
i .

i _

~ _ . ..

' -i
d -- ._

. .

F
_ -_

i

0
. --i .8t .9n .)

9P
[

_ -1~ . o .. _- _ . . .
\

.

.

.- .
7E .

f9i .,
1' ..i<

. .

t t
p p

R R

t n
) ) s o
8 8 e i

n - T t.

p o H M n a
e i t o s l u

. r t s t t i i a l

t P a e a a t s n a
g v T e e c y i v

a H e t i p p u 1 F ES
r s t t e e d aB

A T m u e c u R R e n e e
L a d T A o ( ( R A r r

r e k a a
E. 9 c p e c l 2 a a p p

o o a t e l 1 t l e el

Y r r n i h - - a a r r
W P P S S C H H D D P P

-

.

1

kh0



.

.
,

ENCLOSURE 4
. . .

CLARTFICATION OF DRAG FOR POOL FALLBACK LOADS

The standard drag on a structam o' length L is given by:

2
ou

F =C U l
s D eg TgC

where D is the equivalent diameter, as defined in Section 2.14. For

cylinders, D is simply the diameter, while for structures with sharp
89

corners, D =2 L , where L is the maximum transverse dimension.

The acceleration drag is given by:

A" a
C

where V is the acceleration volume, as given in Table I of NEDO 21471,

and dU/dt for a free fallback is the gravitational acceleration, g.

The initial fallback load on structures within the air bubble, estimated

using the froth fallback criteria of 25% water density and a maxi =um

fallback velocity based on (y, - y ) is:s
o UF = SL --

i * 9C

where S is the maximum hori:: ental cross-sectional dimension.

By inspection it may be noted that:
D

F = (2C ) Es D i

Since D 2 S, it follows that for any value of C > 0.5, the standard
D

drag load will F-"nd the initial impact load. To provide sufficient

conservatism for fallback densities greater than 25%, the minimum value

of C * '" **D* **

The ratio of standard drag to acceleration drag depends on the shape of
the structure,

F C D L (7 'Y )3 D ea m s=w
V"A A

Or
F (y*-y )
J=C s for Cylindersr D wR

A

,

F (7 -Y )s 2 5 m s-

r square rods (sW.e,S)p=CD 5
-

A 4+1 /



J

. .
- .

%

.

y,) is on the order of 10 feet and the submerged structuresSince (y -

have cross-sectional dimensions on the order of 0.1 to '.0 foot, the

standard drag is normally dominant. This is in contrast to the pool

swell drag loads, where acceleration drag dominates due to rapid
bubble growth.
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