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1. Introduction

2. Characteristics of Advanced Accumulator
(Ace)

.3. Detailed Design of As-installed Acc

4. Confirmation Testing Program of Ace

5. Concept and Justification of Safety
Analysis Model

6. Summary
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SThe Advanced Accumulator design that will
be 'included in-MHI's revolutionary Advanced
Pressurized Water Reactors (APWR)L

SThe APWR's Advanced Accumulator -is
incorporated into. the safety system design in
order to provide the low pressure injection
function of conventional Emergency Core
Cooling Systems (ECCS) using accumulator
and the safety injection pump

SRIWEAV--LW~L~t~ES, TD.UAP-HF06021-3
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I Intoducion(AP:;.

SThis arrangement simplifies the configuration of
the EGOS

SDetails of the Advanced Accumulator will be
presented in the topical report for review and
approval by the United States Nuclear
Regulatory Commission (USNRC)

SMHI will provide the out line of the topical report
(function, principles, structures, verification,
etc,.) of the Advaniced Accumulator design

MLWUI~ft&VYIDUSTIESLTD.UAP-HF06021 -4
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2. 1 Function of Acc
2.2 Principle of Acc
2.3 Requirements -for Performance of Acc
2.4 Expected Characteristics of Acc
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)ý>ECCS injection durnn large break L.C
Stepi: !Core Refilling

Rapidly inject the water with large flow to fill the lowerI
plenum and downcomer of the reactor vessel in a short 1
time

Ste p2: Core Refloodn
Recover the core water level using the water head in the
downcomer. Core injection keeps the high water level in
the downcomer and re-floods the core immediately

Step3:; Long Term Coolin
After core reflooding is completed, inject water to
accommodate the water reduction due to the evaporation
by decay heat and maintain the core reflooding condition

UAP-HF06021 -6
_______________ I, LoU.
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2.1 Function ef Acc

u

(XPS,
)ýComparison between Current 4 Loop Plant and US-APWR

Residual Heat Removal System performs as Low Head Injection System in

conventional -plants

Advanced accumulator is integrated function of Low Head Injection System

RO1tM.U urn US-APWRI'

~Stpi :*~.*.~ Accumulator System Accumulator System
Core Ref~iling

Sep 2:1 Low Head Injection System Accumulator System
~Cr1Rfloig HihHa Ijcin ytm High Head Injection System

~Step.3 .Low Head Injection System Hg edIjcinSse
~~ :Lohg~terlivcoollng ~High Head Injection System _____________
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SAutomatic switch-Ing of injection flow rate by flow damper
Iintegrated function oflow head injection System
SLong accumulator injection time allows more time for safety
injection pump to start

Blow down Coer-loigLogtr olnI& RV refillj Cor re-lI

_0

SI pump allowable
start time J1

-~~_F -JSB5LEVYJD1TRIES, LTD.
UAP-HF06021 -8
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Z.1FucinO AC
~System configuration of ECCS and Containment Spray
System IResidual Heat Removal System

VFo ur Accs are installed and each Acc connects to one
Reactor Coolant System (RCS) cold leg

v/Fou'r High Head Injection subsystems are llnstalled and
- inject following accumulator injection

v/Low: Head Injection subsystems are not installed; instead,
Four CS/RHRS subsystems including pumps are
provided for Containment Spray and Residual Heat
Removal subsystem,

UAP-HF06021 -9L~qIRUKEUAVMNDI~TDF~UTFI
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2.2 PrimncuipI of Acc ,ij~

Conventional Fluidic Dvice

v/Vortex Amplifier
oSimilar to but slightly different from

J A

a flow
damper in shape and function

*Composed of a vortex chamber and three
ports for supply, control and output of flows

I*Vortex is used for control flow

Fluidic Device: Device controlling flow without moving parts
i UAP-HF06021-11I
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2.2 Principle of Acc QAP

Vortex Amplifier
.Supply Port

Control Port

I:
A

(a) Without Control Flow

A bsence of a vortex
yields low resistance

(b) With Control Flow

Strong vortex yields
high resistance

L UW~E UDE~E.UU U~ A~E~ EBhE'~E E~TE~U~4~ U WN~ UAP-HF06021-1 2
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/ 'Structure
*Vortex Chamber at bottom of Accumulator Tank
*Standpipe connected to vortex chamber
*Inlet port of standpipe at the middle of Accumulator Tank
*Outlet pipe of vortex chamber connected to injection pipe

/Differences from Vortex Amplifier
*Collision of two flows makes no vortex
*Single flow makes a strong vortex

*Standpipe is used for switching flow rates
e Outlet pipe is composed of a throat and a diffuser to

improve its function

UAP-HF06021 -13
"u-MS15J- -Y--IRDQUS$TRIES, LTD.
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ACCW2. 2 P d n c'E p I e o, EF'ý

Advan~ced Accumulator
Accumnulator Tank

Low Water Level

Injection Pipe

Flo, Damper

IW T.S.U.BUHI=-HEAVY--=I"RU STRIES, LTD.
UAP-HF06021 -14
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2.2 <Proincip of. Ac.-p

/Water comes into both large and small flow
lpipes

v/The flows collide with each other not to
'form a vortex in the vortex chamber

*/,Large flow rate comes off
Atiow wate r "l evelI

/(Water stops flowing to the standpipe
v/The flow from the small flow pipe forms a

istrong vortex in the vortex chamber
*/Small flow rate comes off

UAP-HF06021-1 5
kOM~,-.Jou5HIHEAV4-INDU TRIES, LTD.
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2.2 PrincipHe of Ac

)ýPrinciple
Acuumulaik'r Tainh t

I

4
Standpipe

11

Injection Pip e
Injection Pp-

Vortex Chamber
Flowamper

\W vortex unAmDOr

Small Flow Pipe

(c) Small Flow Rate (Cora Reflooding)

UAP-HF06021 -16
(b), Large Flow Rate (RV Refilling) (a) Water Levels In Accumulator Tank

W~fli$MHEAM-ND-UTMRES. LTD.
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2.2 PrincipIe of Acc...

,/ iComposed of a vortex chamber and three, pipes for
:large flow-rate, small flow-rate and outlet of flows

v/:Small flow pipe tangentially attached to the vortexL
chamber
' Large flow pipe radially attached to the vortex
ýchamber

V/ Angle of collision determined to cancel out the
,angular momentums of the incoming flows

-,/The -throat portion is provided at the outlet of the
;Vortex chamber to form the strong vortex during
!small flow

_/1Outlet pipe composed of a throat and a diffuser
connected to the injection pipe

METCOMDE4EUN MECAU'V I~UflUEVODEC Urn~
UAF-MI-UbU 1 -171
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aft aft ýzz Principle cf, Acc APw

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

~Flow' Damper
-/Mechanical Configuration

Injection Pipe

Diffuser

Throat

Vortex Chamber

N

Outlet Port

--- 10
r1l M

Larg~e oLw pe.......

Angle of Collision

LMLWJ~,SHPAW RnISTRIES, LTD.
Small Flow Pipe UAP-HF06021-1 8
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2.2 Principie of Acc :!S

v-/At large flow rate
e Flow resistance similar to that of conventional

pipes
e Form resistance is dominant over friction
e Friction can be evaluated with a Reynolds number,

while form resistance is independent of it
o Diffuser reduces pressure losses
o Cavitation at the throat affects flow rates
* Cavitation factor and Reynolds numbers are the

Li Darameters of flow rates

I~E~nm m u . . UAP-HF06021 -19
- - ~ IKE , LI I".
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2.2 Principle of AccCAPý

-VWhen switching flow rate
" Water stops flowing into the standpipe and

forms water surface in it
" Inertia of water column makes water surface

undershoot below the balanced level with
pressure difference between in and out of the
standpipe

9 Water surface recovers to the level thereafter
*Standpipe is designed to maintain water level in
it and prevent gas leakage

UJ~uiIJ~AVY4NDSTRIS, TD.UAP-HF06021 -20
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2.2 Principie c;f Acc
S.;, -

ýýxpected Phenoimena 3
Water Level in Standpipe (image chart)

In let Port of Standpipe

Rapid Falling due
to Inertia of

Water Column

a) Recovery of Water Level
a)

Slow Decent due to
Small Flow Rate

Injection

Undershoot

Time

4%WHI -XL V IDISTRIES, LTD.
UAP-HF06021 -21
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*/At small flow rate 1
Strong and steady vortex flow is formed in the
vortex chamber

*Large pressure drop exists along the radius of
the vortex chamber

9 Difference of water levels in and out of the
standpipe is equal to the dynamic pressure in
the small flow-rate pipe, which is much smaller
than pressure drop in the chamber

hI * It is the main feature to prevent gas leakage
without moving parts

LTSWGH1-HE-#!U-Y INU-STRIES, LTD. UPHF62 2
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v/At small flow rate 2
" Pressure recovery in the diffuser is small f
" Minimum pressure in the vortex chamber is

almost as same as that in the injection pipe
*Cavitation may not affect flow rate
*Vortex flow undergoes rapid acceleration to
hold boundary layers down so that friction may
be negligible

*Consequently, flow rate coefficients will be
common for any size of flow dampers

MITSBI~WE-AV-II4U~ RES, TD.UAP-HF06021 -23
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2.3 Requirements for Performance of Acc Q5S".

Fun a ida nar safet reqie nt

Function of Acc duringa large LOCQA

Perormncereuirmens fr cc

A__ As.s u m e rL"a te d

parmeter

Design- reqjuirem~ents for-ACC0

~Deignta rgets Ifo"rAc

J&UJMEALWPI~t~ES, TD.UAP-HF06021 -24
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2.3 e uirements for PerormanCieof Acc APM

Fundamental safety requirements
~(Limit the Peak Clad Temperature (POT) under 2200OF (1 20000)

du ring large LOCA

SFunction of Acc during large LOCA
/Ste'pi:

Refilling the lower plenum and downcomer immediately during
refilling period following reactor coolant blow down

/Step2:
Estab~ish the core reflooding condition by maintaining the
downcomer water level after refilling the core

Performance requirements
v/ Requirements for large flow injection from stepi function

/Requirements for small flow injection from step2 function

Iu TIMENVAIUE EAJWV DIhfbE C"WnUEC NI TU%
UAP-HF06021 -25
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2.3 Rqire ents for Performance of Acc
S.,

APW

~Performance requirements for large flow
njcio

iii

v/The water volume for large flow injection in Accj
should cover the lower plenum and downcomer
regions of reactor vessel

0The lower plenum and downcomer is filled as
rapidly as possible during refilling period

UAP-HF06021 -26
I- &mlll I'l . IH-EAVY-INDUSJR~IES, LTD.



2.3 Requirements four Perormancie of Acc /IJS.
\'.ýWM_

Perormncereqirements for smaalflow rate
/Downcomer water-head is driving force for EGGS flow into

core

/Requirement:
Downcomer should be filled with EGOS water

/Setting up by "BASH--M" re-flooding analysis

/Required flow rate is obtained from the core flow rate
calculated by the hypothetical LOGA analysis, which
assu mes downcomer is filled with sufficient EGGS flow

UAP-HF06021 -27
BTUJSH u-KEAVY INDUSýTRIES, LTD.
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2.3 Requirements for Perf or- ance of cc
~. 

-

--

);ýCalculation of the required flob rate

Ii

I

I I_ _ _

SI Assi
flow

iming the sufficient SI
to maintain downcomer

rfilled with water.
(Acc injection is not simulated.)

J Cre region
,NR cooling-holes region
INR back side region

[ Required flow rate = 01
UAP-H F06021 -28u.~ Ei~ILuE 3U~ A~N~U' *a~* ~ U
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2.3 Requirements for Performance of Acc \APW~

- - -~ - ~ 
-- -. -

Required ECCS iniection flow rate
UAP-HF06021 -29

LTD.
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2.3 e16uirementsfor Perforance of Acc
-I--~~~~~~~ 

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

~Resistance coefficient of large flow injection should
be approx.[ I

o0 After refilling stage, the core reflooding starts. The starting
time of core reflooding is dominant factor for the POT.

*Resistance coefficientf -1]Of
large flow injection limits the POT under [ }F ([ PC)
based on previous experience.

Note;
POT is strictly limited under 2200OF (12000C).
For the 2200OF (1 2000C), more larger resistance
coefficient may be acceptable.
"Resistance coefficient[I is not a strict requirement
but a target.

UAP-HF06021 -30JBISJ~HL~J~RSTRES, LTD.
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2.3 R~quirements for Performance of Acc !APS:

E xpected large flow characteristics

/Assume major parameters
* Large flow injection water volume: I it 3 (1nr3)
* Initial gas volume: [ ]ft3 ([ ]M3)
* Initial gas pressure: ]p~si ([ IMPa[gageJ)

Note;
1. Water volume satisfies performance requirements.

Details are discussed in section 3.1.
2. Other parameters are set based on previous

experience.

/Calculate large flow injection
Typical depressurization of RCS is assumed
Survey flow rate of large flow injection

2~LMIIS1IRESHLHEAVYIN DU SYR IF~ LT D -.
UAP-HF06021 -31
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2.3 Requirements for Performance of Acc AW

Expected large flow characteri~sticso (cont.)
v/ Calculation method

~P.=:KYUy(H t-H)2gs in] 2g

Pgas= . gas 0

d gas =AU
dt

Pga, Accumulator gas pressure

PgasO Initial accumulator gas pressure

Vg, Accumulator gas volume

V~gas0  Initial accumulator gas volume

P1111  Pressure at the injection point (RCS pressure)

K Resistance coefficient of Acc system

H, Water level elevation of Acc

HP Elevation of the injection point

U Velocity in injection pipe

A Cross section inside of the injection pipe

g Gravity acceleration

t :Time

y Specific weight

K Politropical index

UAP-H F06021 -32
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2.3 Reaquirements for PerformaFnce of Acc Q!PS:ý

Expected large flow
,/ Calculation results

characteristics (cont.)
~i.

I Expected flow rate at the end of lam-e flow injection from the
Sim ulation results: ]
(Resistance coefficient of AC injection line:[

L i--aucSihEurHEA~iV'uhE ECYn E oUaoc TnE UAP-HF06021 -33
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2.3 e~quirements for Performance of Acc *S

SDesign requirements for small flow injection
'(Required small injection flow rate

* Performance requirement: [ ]gpm ([]m3I/h) [total]
" Assuming 3 out of 4 Accs available

*Re ured small injection flow rate:[ ]gpmlAcc
T~i lm3lhlAcc)

( ]gpml3Accs ]gpmlAcc)
v'Large injection flow rate

*Expected flow rate at the end of large flow injection from the
calculation results:[ ]gpm Ii ]m3Ih)

'(esigtn requ irement- (',Desig.n; targ~et
* lo-sitching rati frmageflwtosmlfowaprx

- Lss than ]f ratilo. ach ieves required smal i'.njection lwrt

-Desigin target is set to[ wýith margin

I L~tS-TIESLTD.UAP-HF06021 -34
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2.4 xkpected Characteristics of Acc

Condition ofcalculateth Weijction
ch~aracteristics

V/ Large flow injection water volume:[ ft3 [ ]M 3)1
/ vlnitial gas volume:[ Jt3( Jmr3)

/Initial gas pressure: []psi ( ]MPa[gage])
/Resistance coefficient of flow damper in large flow

injection: approx.[
/Resistance coefficient of accumulator injection

piping and valve expect for flow damper:[]
FlHow-switching ratio: approx.[

Confirm the performance expr;.cted

...... ., ..... .. - r * . - n - - - - - UAP-HF06021 -35
SI E(I~L I U
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2.4 Expected Characteristics of Acc x~Jpv

Calculation resuilt of. expected performance

--uT-SImSHMLHEA 111JNDU-S-RIES, LTD.UAHFO
0O21 -36
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3.DealdDsg ofAnntle

3.1 Design Basis and Specification of Acc
3.2 Structure of Acc
3.3 Structure of the Flow Damper

ILT~IUDMLUEC-UEAVMIMEII CVOIE4C Urnf
UAP-HF06021 -37
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3.1 Design Basis and Specification of Acc (ZAPS

Ii

- - ~ .. . -. ,~.' .-.. ~..4fl.'r,-.r.. - .. -

)ýFubction of Aec durn g large LOCA
v'(Each Acc connects to corresponding RCS

cold leg (4 Accs in all) and functions to inject
water in large flow rate into the core during
reactor vessel (RV) refilling process and also
injects water at small flow rate during core
reflooding process

UAP-H F06021 -38
~~LRJJ5]HLHEAW-JND ~TR.5, LTD.
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3.1 Design Basis and Specification of Acc (LAM

~GoaIs to perform the function
,/Refilling process (large flow injection)

* netwae0f ]ft3 (]M 3) immediately that is
equivalent to the volume of the downoomer and
lower plenum of RV to complete reflooding

'(/Reflooding process (small flow' injection)
0 Continues injecting water for approx. []seconds*

following the refilling process to maintain
downcomer water level

*The duration of small flow injection is associated with Safety
Injection (SI) pump capacity. It is assumed that the duration of
small flow injection from accumulator is [ jeconds and then
the injection from SI Pumps take over.

~A~HHE-AY4NDLSTRES, TD.UAP-HF06021 -39



Draft Slide
3, /-US.

I,-, ýPwl_

Basis o volume
/ asis of large flow injection volume

approx[:l ]
)= approx.LI ]ft3/ACC 4 I m3/Acc

*The volume of an Acc is specified[
[ ]ft3 Jm3) plus margin

Note;

]ft34& ]M3), which is

(a) Total volume of the downcomer and the lower plenum
(b) Assumption based on the experience that 1/3 of
injection
containment

flow -is spilt from the broken loop to the

(r\ k1 k T A

M..URIjfHV AVINWIJ5IRIES, LTD.

required to the core injection

UAP-H F06021 -40
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3.1 eLsign Basis andý Specification of Acc APT

Bas is of volume of Acc (cont.)
v/ Basis of small flowi injection- volume

The expected duration of small flow injection of Acc is[
seconds and []ft 3 ( ]m3) of injection water is required

Thus, []ft 3( IM39 9of injection water volume is
specified assuming the margin with [ ft(1 ]M3)

MIBI$~L~VY~UNPUSTRES, LTD.UAHF6 021-41
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3.1 Design Basis and Specification of Acc
- t -rflwrt~r ---- r-~ ,~- rrc~N-,%r - - -

Ba~sis of volume of Acc (cont.)
v/ Volume of a single Acc; 3,180 ft3 (90M3)

11wi

*Large flow injection volume ;[
*Small flow injection volume ;[

] ft3 ([ ] M3)
1ft ([ ]1M3)

Air space and dead water volume

The validity of the volume will be confirmed in
EGOS analysis

0

IET6~EEDECUU MEA~I~ EmUE~UUCT~EE~ I TE~ UAP-HF06021 -42
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3.1 Dsign Basis and Specification of Acc AP
S- - ------ ~.,,;,-------' ~

$pecificalt:ýn of Acc

Type'!: Vertical cylindrical
Number: 4
Volume: 3, 180 ft3 (90 in3 )

Maximum design pressure: [Ipsig (J ] MPa)
Maximum design temperature: [ OF([ 100)
Large flow injection volume: [ 1ft3  M i 3 )

SmallI flow injection volume: [1ft3 mIIi3 )

L M SURSHLII~AVX.INDU~TDI~ LTfl
UAP-HF06021 -43
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3.2 Structure of Acc

Measure dimensions of

/Total height[

/Inner diameter
]ft ([ I m)

Im)

1z

1'
I Ift (I

Outlet pipe : drawn from the upper
side of the flow damper

Un-available water is less than the
case of drawn from lower side

--Flow Damper-Outline drawing of Ac-C
&ARLWUM "A -AVN-AOU-ST-RESLTD.
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3.3 Structure of the flow Damper : v s -A!P

Structure of the flow damper

.,ýAnti-Vortex Cap

Outlet Pipe .4 -~

'½

4

'~.v'

Stand Pipe

Small Flow Pipe

-Flow Nozzle

Vortex Chamber

Anti-Vortex Plate

q iYA IaQLLI1 ~ MMan ~DE f UAP-HF06021 -45
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3.3 Structure of the flow Damper (:ASPSD

......-. .- - ~ 
- -r--- -

Ddtailed structure ofth eflow dame

a) The an 'ti-vortex cap installed on the
standpipe inlet prevents the forming of
vortex and allowing the air into the flow
dampe'r just before the flow switching and
improves the flow-switching characteristics

b) The inlet of the standpipe is set at the water
level fo 'r switching flow rate from large flow
to small flow

f) The small flow piping is connected to the
vortex chamber tangentially and reduces
the flow resistance

d) The throat portion and diffuser are provided
on the outlet piping to increase the flow
resistance during small flow and to recover
the pressure during large flow arid connect
the downward piping smoothly

UAP-HF06021 -461I !JRHI E AVY I N-O-USIES, LTD.
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4.1 'Purpose of the Confirmation Tests
4.2ý Detailed Description of Tests and Results
4.3 Scalability and Validity of Flow Rate

Characteristics

~ INUS ,LTD.UAP-HF06021 -47
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4.1 Purpose of thle Confirmatilon Tests~

Confirmation tests were conducted to determine
whether expected performance was met based
oný'the operation principle of Ace and discussion
of performance requirements.
The6 test program was conducted as a joint study
between five utilities* and MHI.

j

Eff-77-T. Y=- , - - T17. 011 1M ý ýF -i -

*Hokkaido Electric Power Co., Kansai Electric Power Co., Shikoku Electric Power Co., and
KyL~shu Electric Power Co., Japan Atomic Power Company.

SConfirmation items
ItemlI:Principle of flow damper
ltem2:Anti-vortex function of at the end of large

fl ow
ltem3: Water level transient in the. standpipe

at flow switching
~~I1WUJIEAVY4N U -STRIES, LTD. UPHOO

21-48
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4.1 Purpose of the Confirmatmio est AP

SConfirmation items (Cont.)
ltem4: Performance of the flow damper during

large and small flow

ltem5:Water level when switching flow rate
Item6:Effect of dissolved nitrogen gas
ltem7:Flow characteristics are characterized by

normalized numbers
Item8:Flow characteristics (cavitation factor and

flow coefficient) are independent of
I scaling

WJBIBJ4IAYAJNDASTRES, TD.UAP-HF06021 -49
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4.1 Purpose of the ConfirmationTs

Item 1' :Confirmation of the principle of fibw damper

/Observe the characteristics of the flow in the
vortex chamber of the flow damper during Oarge
flow injection, large to small flow switching, and
small flow injection

/Confirm its function was as expected

ii.

I

i IT~EIREQUU IUEA~I~ E~ficwin*~.~ U TE~ UAP-HF06021 -50
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4.1 Plurpose of the Confirmation TestS~~

ltem2: Confirmation of anti-vortex function at the
end of large flow injection

V/ Anti-vortex cap is provided at the top of the
sta~ndpipe

/Potential appearance of avortex when the
water level comes down to it

/The tests were conducted to confirm the anti-
vortex cap prevented vortex from occurring

B$HI1V~INI~S~UESLTD.UAP-H F06021 -51
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40 irpose of thie Confi It'o Test~~

Itemn'3:Confirmationi of water level transient in
the standpipe at flow switching

'v When switching flow, water level temporarily
undershoots in the standpipe due to inertia

/Wa~ter level in the standpipe recovers thereafter due
to the difference of'water levels in the tank and the
sta'ndpipe
Cofr that gas not go into the flow damper during
switching flow by measuring the water level transient

UAP-HF06021 -52
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4.1 Purpose of thie Confirmation Test-APs"

ltem'4: Confirmation of performance during large T
anid small flows

v/ Co nfirm that the performance of the flow,
damper during large and small flows meets

tedesign target
*Resistance coefficient of large flow
*Switch ing-flow-rate

hi ~L IET1EIC~m~JEAJvi~n ETD ECn TE UAP-HF06021 -53
V7________~.=~~ ~ u~
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4.1 Purpose of -the Confirmat'lo TestSZAPW',

Item5:Confirmationi of water level when
switching flow

v' Injection flow rate changes from large to
small when water level in the tank comes
down to the lower end of the cap of the
standpipe

9"However, in the actual tank, water level when
switching flow may have some variations

%/Therefore, the actual switching level was
confirmed through the tests

__MM MCA1UAP-HF06021 -54
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4.1 Purpose of the Confirmat'Io TestsQ7L.,g

Item6:Confirmation of effect of dissolved
nitrogen gas

/Pressure in the accumulator is established
using compressed nitrogen gas (nitrogen gas
may dissolve in water)

/Gas comes out of the water and may affect
the flow characteristics of the flow damper

v/ A test was conducted with n-itrogen-satu rated
a water to determine the effect of dissolved gas

ýUWLEAYNUkLISLD UAP-H F06021 -55
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4.1 Purpose of the Conf irmation Test9( 1W-W'I-i0-

Item'7:Confirmation that flow characteristics are
represented by normalized numbers (cavitation U
factor and flow coefficient)

v/The throat portion is provided at the outlet of
the vortex chamber to form the strong vortex
during small flow

v/Cavitation occurs and affects the flow
characteristics

/The tests were conducted to confirm that the
,flow characteristics obtained through the
tests

ui~ ui~ u~un EL3~ ~ *auU~U *~WE~E~~ U W~ UAP-HF06021 -56
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4.1 Purpose of the Confirmatio Tesft(-ýA

Item8:Confirmation that flow characteristics are
independent of scaling

*/'The similarity lavv is applicable to design of
the flow damper and performance evaluation

vsAdditional tests will be conducted to confirm
the following itenn:

*To confirm validity of applying the similarity law
'that evaluates the performance of the actual flow
damper using test results of the scale model and
1to- acquire the data required

RNA UAP-HF06021 -57
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4.1 Purpose of the Confirmaion Tests~

Items to be confirmed Testing

kntf.i;--vort e'x-fu' n ct~ion- fa th~e '
arefo~w (Item2Y,

idpipe waterilevel: ttransienht atý
switching (Item3)

ing water level (Item5ý)

inciple of flow damper (Itemi)

Actual P ýssu re

lnjection eists~

I

11 I Performance of the flow diamper
during large/small flow (ltem4)~

,Effect of dissolved nitrogen gas",

Flw characteristics are
charbte ized by normaliz'ed.
npmer O(tem7)

"Flow.-,c-h'aracteristics,( 66cavitatio~n"
f1ac torand flow, coeffien)ar
ndependent of spaig(ler8

IET@EEDEQUM EJE-A'IVIM UhEE Ecc I Vim
UAP-H F06021 -58
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4.2 Detailed Description of Tests and Results AW

U U U a a - *1

ia- u rKinasorscaie o eis were~ aae
,/Demonstration of switching flow (1/8.4 scale

visualization tests)

v/Confirmation of sharp shutoff of flow into the
standpipe (1/3.5 scale visualization tests)

-/,Confirmation of the flow rate characteristics under
low pressure (115 scale visualization and low
pressure injection tests)

I

'Confirmation tests under actual pressure (112 scale
actual pressure injection tests)

IN UAP-HF06021 -59
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4.2 Detailed Description of Tests and Results LA B.._
(1) 1,18.4 scale tests S118.4 scale tests

3

Objectives
Demonstration of switching flow

/1Confirmation of operation principle of the flow damper
0Visualizing the characteristics of flows in the flow damper
and the standpipe during large flow injection, large to small
flow switching, and small flow injection

o Observing the characteristics of the flow in the vortex
chamber and switching flow

/Confirmation of behavior of the water level in the standpipe at
!flow-switching

* Visualizing the behavior of the water level in the standpipe
at flow-switching

IURIWU4EV4INt~tRES, TD.UAP-H F060 21-60
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4.2 Detailed Description of Tests and Results (AA:0

1118.4 scale tests) Test apparatus
'(Visualization tests of operation principle of the

flow damper were conducted
*'(Test apparatus consisted of Acc model, exhaust
tank and injection piping

-,/Scale of the flow damper was 1/8.4
'(The scale selected to be movable to anywhere
for demonstration)

v/lVortex chamber was upright style
/ýFront panel was made of transparent acrylic resin

(standpipe and the flow damper were visualized,)

II

4.MIdh=I@n EME6L RAN &IAF'% §hEM UWE UAP-HF06021 -61
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4.2 Detailed Description of Tests and Results CAPS

1118.4 scat tsI

Visuallization Test Apparatus of Opeiration Principle of Flow Damper

Eli ~ EU - Ui~ kEN 3U~ ~ *m..~. U ~ ~ ~ U UU~ UAP-H F06021 -62
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4.2 De:tailed Description of Tests and Results

1/8.4 sc:ale tests..w
Test apparatus detail parameters

BISHLKS E WVXINDUSTRIES, LTD.
UAP-HF06021 -63
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4.2 Detailed Description of Tests and Results (A!PS:,ý

Te~t ondiions1/8.4 scale tests]
-/There was no special requirement for the test conditions
vKiThe following conditions were employed for simplicity

0Pressure of air space was[ IMPa [ ]psi)
0 Pressure in backpressure tank was atmospheric pressure

SParameters to be measured
v`/,Flows in the accumulator tank, the standpipe, the small flow

rate pipe and the vortex chamber were visualized
v'(Flow rate was measured and displayed on CRT but not

recorded
(Pressure in Acc umnulator Tank was monitored but not recorded

SMeasuring equipment
'(Pressure gauges
-*/Flow meter
-/Flow switching is observed on display of flow rate

A

I
1~

___TS I_ P6_ EAVY-JND-U$TRkIES, LTD.
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4.2 Detailed Description of Tests and Results Pý
M -I

Test results and discussions L1/8.4 scale testsj

/Characteristics of
during large flow

flow in the vortex-chamber

" Vortex was not
formed in the
vortex chamber

* Air bubbles traced
the flow after the
collision of the
incoming flows
from the large and
small flow pipes

12.48 seconds after initiation of the test

N1EXSUMtRSHglKFAV2.Y-I~nli3TDIFqr i Tfl
UAP-H F06021 -65
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4.2 Detailed Description of Tests and Results A PS:ý,O

/Char acteristics of flow just before
largelsm'all flow switching

11/8.4 scale -tests

*Water level in the standpipe
recovered thereafter

temporarily undershooted, and,

23.37 and 24.10 seconds after initiation of test

LMSURSHis AVI 111D11 U STR ES, LTD. UAP-HF06021 -66
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4.2 De'tailed Description of Tests and Results

v/ Ch aracteristics of flow just after flow 11.4 scale tests]
switching

o Flow switched
sharply from large
to small flows in a
short time

I

27.81 seconds after initiation of test

ME1T'' 1S Lifif1lNWU-SR-ES, LTD.
UAP-HF06021 -67
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4.2 Deltailed Description of Tests and Results U

/Characteristics of flow in the
chamber during small flow

vortex S118.4 scale -tests

" Strong and steady
vortex was
formed at the
center of the
chamber

" Air bubbles
injected as tracers
were swirI~ng into
the outlet

1

A

I

34.13 seconds after initiation of test

ITJ LS_&WLPVNA DU.RIES, LTD.
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4.2 Detailed Description of Tests and Results C !J

/Basic performance of the flow 118.4 scale tests
damper is confirmed as follows:
(1) Water level is higher than the top of the stand pipe

(large flow)
-Flows from standpipe and the small flow pipe collide to
each other in the vortex chamber and go to the outlet
directly

- Vortex is not formed in the vortex chamber
- Resistance is small and large flow rate comes off

(2) Water level is lower than the top of the stand pipe
(small flow)

-Flow from the standpipe stops and only the flow from the
small pipe flows into the vortex chamber

-Strong and steady vortex is formed
-Resistance is large and the injection flow rate becomes small

flL~~i~LEAVI~4DSTRES, TD.UAP-HF06021 -69
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4.2 Detailed Description of Tests and Results
... ~rt~e~r~r - ~- ______________________________

11/8.4 scale tests]I

(3) During the flow switching

Water level in the standpipe temporarily nesotddet

inertial force

-Water level recovered soon and the flow in the standpipe

stopped so that the water level was maintained

-Gas did not enter from the standpipe to the vortex chamber

JL~LHLMEiPIUSTRE5, TD.UAP-H F06021 -70METS
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4.2 Detailed Description of Tests and Results \IAPW~

(2) 11/3.5 scale tests1I5saetss
SOlbjectives

*/Confirmation of the flow and vortex
appearance in the tank using a standpipe
inlet model and anti-vortex cap

The Acc design utilizes the anti-vortex cap at the
top of the standpipe to prevent the forming of a
vortex and the gas leakage during the flow
switching
Without the anti-vortex cap, it was foreseen that
gas leakage affecting the flow, and flow rate could
not be smoothly switched

~W~W5W~HAVNUNDULTRES, TD.UAP-HF06021 -71
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4.2 Det ailed Description of Tests and Results ~APVa6i

1/3.5 scale testsj)> Test apparatus
-,/The test apparatus consisted of a standpipe, a

,test tank, a pump and a piping
v*The anti-vortex cap was made of transparent

,acrylic resin so as to observe the characteristics of
ithe vortex at the in let of the stand pipe

11/3.5 for easy observation

M-R V-TU S ~HAmIN X N SIES, LTD.

is approx.
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4.2 Detailed Description of Tests and Results
~-~-='~ -~

113.5 scale -tests I

I

FIlowl diagram of the visualization test ap~paratus of anti-vortex caD

UAP-HF06021 -73
3S, LTD.
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4.2 Deltailed Description of Tests and Results (`."7JSA

1/3.5 scale tests

Outlinle drawina of the visualization test anDaratus of anti-vortex can

M"r s-, AuIM XgVI ND USTRI E S, L TD. UAP-HF06021 -74
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4.2 Detailed Description of Tests and Results
\kApwiw'

1/3.5 scale tests

I

Fulli view of the 1/3.5 scale test apparatus

_ BI$JL~4y~~IWI-RPES, LTD. UAP-HF06021 -75
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4.2 Detailed Descript~ion of Tests and Results

)ýý Test conditions S1/3.5 scale tests

F roude numbers were used -to simulate the flow
conditions at the time of switching flow rates

V/Pressure in Accumulator Tank :atmospheric
pressure

Flow rates:[ Ito[ ] m3/s ([ ]to[ I]gpm)
v/,Anti-vortex Cap With
attached

'Skirt :(1) attached and (2) not

~PU$TIESLTD.UAP-H F0602 1-76



Draft Slide

4.2 Detailed Description of Tests anReut (ýALAýiýb

S113.5 scale tests
~Parameters to be measured

-/Transients of flow rate
,,/Water level in the tank

,~ I

Measuring equipment
vUltrasonic flow meter
vRuler attached on the. sidewall of the tank

W.WLS IEK-- Y-MLWhSTIRIES, LTD.
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4.2 Detailed Description of Tests and Results A

> Test r~esults and discussions (Flow characteristics) 113.5 scale tests
____ T 1o',:,Without c~ap ~TNo.2: With cap,., ii

1

Gas entrainment
MM, f$IIH E-A WIUYNDU-ST RUES. LTD.

No Gas entrainmentI UjAP-HF06021 -78
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4.2 Detailed Description of Tests and Results /",Us-;

);-Test results and discussions (Flow Characteristics) 1/3.5 scale tests J ~
Lurgv Flwy Nutn iW -

50 (r. Rndin Oiir~d800 gpm

0 5 10 Is 20 25 3

I 13.nI=. (see)I~~~1 .Wtqtaiktex, cap

-/Gas leakage started at 26
seconds
vVariation of the flow rate
became bigger for several
seconds
-/Flow rate became smaller,
and it took as long as five
seconds until the flow rate
became zero

800 gpm -/Flow rate became zero in
approx. one second from
25.5 seconds
v/Flow rate switched more
quickly than the case without
the anti-vortex cap

~L RITCLIRCUEUE-AIIV' Eb~fli EcTDEcc I TU
UAP-HF06021 -79
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4.2 Detailed Description of Tests and Results \AW7

(3) 1/6 scale tests S11/5 scaie tests

);-ObjeCtives'
VConfi rmation -of operation principle of the flow damper
Visualizing flow in the flow damper during large to small flow switching
and s m'all flow to confirm the flow characteristics

v1 Flow behavior during flow switching
Visualizing flow in the vortex chamber during large flow and flow
switch 'ing, and a vortex during small flow

v/ Confirmation of performance during large and small flows
Evaluating the cavitation factor and flow coefficient during large and
small flows to get the flow characteristics.
The flow characteristics obtained by the tests were compared with the
resultis of 1/2 scale tests to confirm the validity of applying the
similarity design method.

UAP-HF0602"
_MjTWISUBISH4LEAVY Iffi SNRES, LTD. 1-80
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4.2 Detailed Description of Tests and Results A-PWI.w

vi
Test ýapparatus L/ cl et
Test a .pparatus consisted of a tank, a flow damper, a standpipe, an
injection piping and an exhiaust tank

4:

/The flo6w damper made of transparent acrylic resin was installed
outside of the test tank so as to the characteristics of flow in the flow
damper could be observed

VA ball gate valve was provided in the injection line for isolation pipe
and a ýgate valve to adjust -the resistance

/The test tank for multipurpose use was modified to simulate transient
water ýlevel in an accumulator tank

/The sc6ale of the flow damper was 1/5 so that several models could be
installled and tested at the pressure of 1 MPa

~I~US~HLEAVZIND5TRES. TD.UAP-H F0602
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4.2 Detailed Description of Tests and Results :,APW
- - . -44,--~-.r,,4¶44r44-44444,444-,44n-74~,44, 4 . -

115 scale tests);o Test apparatus

M- SUB -Y1MMUSRIS LTD.

1
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4.2 Deltailed Description of Tests and Results ýAP ýW
-- - --------

Test apparatus11 aetssj

Ii

LT&IRI, -IE-A-V44f=NWiLSNRIES, LTD.
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4.2 Deltafled Description of Tests az Results APWýý

S1/5 scalle tests
Ar

A

Outline drawin gof the test apparatus

LTD. UAP-HF06021-84
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4.2 Detailed Description of Tests and Results (ý'APS

~Tes1L'apparatus

S1/5 scale testsI

/** Test apparatus detailed parameters

MI VYJU INP-US jIES, LTD.
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4.2 Detailed Description of Tests and Results A

11/5 scale testsI
Tes~t method

Visualization test method
/The flow in the flow damper was recorded using a video camera and

observed

Low pre!ssure test method

V/ Pres sures in the test tank, the injection pipe and the exhaust tank,
and Water levels in the test tank and the standpipe were measured
and recorded by PC, flow rate coefficient and the cavitation factor
were calculated

~ LTD.UAP-H F0602
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4.2 Detailed Description of Tests and Results

S115' scale tests 1Data Processing
In order to eliminate noises from the measured pressures and the water levels in
ilic accumulator tank. thc measurcd data wcrc dividcd into scveral time sections
as At,, At1, Atý .. and At',, At% , At',...as shown in Figures (a) and (b).

i

A

(a) Measured Water Level in Accumulator Tank

A smoothcned expression of
____water levels with pollynomials

%vas made Lo rvery sectiori b%
the least-squares method.

A smoothened expression of
___prcssures with rpolynoinials

was inacc to everY section
by the least-squlares method.

ML___ At'., A__________

(b) Measured Prcssurc in Accumulator Tank

I~&UK$IILEAV=YNDU TRIES, LTD.
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4.2 Detailed Description of Tests a -d Results

r

-us

AOPýý i
577 9mrf.rftr,'z7 ~ pn

11/5 scale testsI

The
Data Processing (Cont.)
flow' rate coefficient and the cavitation factor c>v are defined as follows;

1
CV=

(PA +pogH)- + pVD +
2

P VD
2

Resistance coefficient of flow damper

PA Test tank pressure (Pa)

p Density of water (kg/rn 3)

g Acceleration of gravity (mlsec2)

H Distance between water surface and center of flow damper (in)

H' Distance between center of flow damper and the point PD (in)

P,1  Atmospheric pressure (Pa)

P, Vapor pressure of water (Pa)

PD Static pressure of flow damper outlet piping (Pa)*

VD Velocity in the flow damper outlet piping (m/sec)*

UV Cavitation factor

*These parameters were the value converted from the scale of prototype

I

PD + at - v

(P pgH)-~P + P; 7  pgH'
(PA PDr

L MLTSUBI-HEAWYJN DU STRIES, LTD.
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4.2 Detailed Description of Tests and Results

L1I5 scale tests JTest conditions
/Visualization tests

L BSU41$Hl4EAV--,J=-NJLU-SRIES.5 LTD.
UAP-HF06021 -89
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4.2 Detailed Description of Tests and Results

Test conditions (cont.)
/Characteristic confirmation tests

115 scale tests
2

I

"Initial Water Level in Test Tank :(1) level simulating the total water
volume and (2) level of the inlet port of the standpipe

/Ope ning time of Valve :qjuickly as possible

T$U ~5~f K VJI~IU5JRES, TD.UAP-H F06( )21-90



Draft Slide-]

4.2 Detailed Description of Tests and Results
.........

r~r~t. -~ MMMM

1/5 scale tests]
);I-Parameters to be measured

/Water level, pressure and temperature in Test Tank

VWater level in Stand Pipe

VPressure in Injection Pipe

/Flow in Vortex Chamber was visualized

:4

> Measuring equipment
/Level gauges

v/ Pressure gauges
V Temperature gauges

~luw~ Eu I~ EE~ 1.331 *~U~ flt~~ lEa E~E U ~ U W -
UAP-HF06021 -91
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4.2 Detailed Description of Tests and Results (XPS.-
- - ~ ~ A,

~Test 'resulIts S115 scale tests J
Flow of large flow V

I:
I

Vortex was not formed in the vortex chamber
during large flow

IET~EUI~Eh~..UE
UAP-HF06021 -92
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4.2 Detailed Descript~ion of Tests and Results LAýPSI;

115 scale tests

Flow of large-to-small -flow switch ing

I Flow rate smoothly switched in a short time
Gas entrainment from the stand pipe did not occur

L
.,gIT-SURUSHLNE-AV-Y-ND-U-STRIES, LTD.
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4.2 D6eta"Hed Description of Tests and Results

L11/5 scale tests]I
Flow of small flow

I

Strong and steady vortex was formed in the
J vortex7 chamber

MTSL#ISMSH H[EAVY INDUSTRINES, LTD.
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4.2 Detailed Description of Tests and Results

l~e tests11/5 sca

Summary of visualization tests

11-1 Nk-4 - INP-U-$RIES, LTD.
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4.2 Detailed Description of Tests and Results ('APS3W_7,'

115 scale tests

v'(Data can be profiled with normalized numbers

~1Flow-switching ratio is approx{

-Flow rate sharply switched at the top of stand pipe

LTD
UAP-HF06021 -96
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4.2 Detailed Description of Tests and Rsults 'API~
ýT 77'

S115 scale tests_
Discussions and surm ar

V.

v' Confirmation of principle of the flow damper
*During large flow injection

-It was confirmed that the vortex was not-formed in the vortex
chamber during large flow injection

*During large to small flow switching
-It was confirmed that the flow to the outlet pipe, formed a

swirl approx. in one second after the start of the flow
switching

-It was alsor confirmed that the flow rate smoothly switched in
a short time

*During small flow injection
-It was confirmed that the flow swirl quickly traveled to the
outlet, and a strong and steady vortex was formed

.u~ ug~'u~u. nm n~N~ff um~E~E E~.hIW~U~~ U U~
UAP-HF06021 -97
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4,2 Detailed Description of Tests and Results

tesi
Micussions and summary (cont.)

1/5 scale

5;4

V" Colnfirmation of performance
Data can be characterized by normalized numbers
,(cavitation factor and flow rate coefficient)

*The characteristics of large flow injection shows that
Jthe flow rate coefficient increased as the cavitation
,factor increased

Flow-sw'itching ratio is approx.[ I
*The characteristics of small flow injection shows that
'the flow rate coefficient was independent of the
!cavitation factor

UAP-H F06021 -98111
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4.2 De tailed Description of Tests an Results /7US-,,O
AP W, i 6_

(4) 112 scale tests 112 scale tests
SObjectives
/Confirmation of expected performance

*Resistance coefficient of flow damper: approx. []
*Flow-switching ratio of large to small flows: approx.[ I

/Flow characteristics
*Confirm that the flow coefficient obtained by the tests was
characterized by normalized numbers (cavitation factor and flow
coefficient)

/Confirmation of the water level where switching-flow
VEvaluation of the effect of dissolved nitrogen gas

*Conduct the tests to evaluate the effect of dissolved gas under
water

11

I

I
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4.2,De'tailed Description of Tests and Results (I~iý

~ Tes faclity112 scale tests]

/The test facility consisted of a test tank, a flow damper,
an injection pipe and an exhaust tank

v/ Heights of the test tank and the stand pipe were the full
scale's and the diameters of the test tank and the flow
dam per were 1/2 scales

T Th~e water volume and the flow rate became 1/4, and
the tests could be conducted simulating the actual time

*Triansient of the water level during flow switching in the
standpipe could be as same as the actual one

/An alir-operated ball valve was provided in the injection
line for isolation and Ca gate-valve to adjust the pipe
resi§,tance

NWBIHN-i~A~V~NDUTRIS, TD.UAP-H F06021 -100
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.4.2 Deitaile Description of Tests and Resultn,ýs QA Pi

....... ~t-,>-t';

LiL2_scale testsJest facility (cont.)

UAP-HF06021 -101
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4.2 Detailed* Description of Tests and Results
~ww~7<rr trr~ -~ -V ~rr'-,-~ ,- - -

);-wTest !facility (cont.) S112 sc~ile tests

OverviewN of the Test Facility
UAP-HF06021-1 02

ij~ ij~ q i~;r-M, LI U.



DraftSld

4.2 Deitailed e~scrI~pti -n of e9sts an Results

Test 1facility (cont.) 11/2 sc a~e tests

Outline Drawing of the Test facility

2Lý in I EEE L~AI a~ UAP-HF06021 -103
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4.2 Detailed Description of Tests and Results

);-Test ,fac ility (cont.)
Actual size

112 sc~Mle tests
11/2 model size

Configurations of Actual and Test Tanks
MITUBIHILIE4YJNUSRIES, LTD.
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4.2 De ta"iled Description of Tests and Results S.,
APW

- ~ -- '-"-~,->~-,--"-~rt--< - -

) Test !conditions 112 scalle tests

l7~j es~t Tan k. Ex haust, ntakcase p~ress~ure :p~ressu~re ' Oecve

Case I 4.04 (586) 0.098 (14) Obtain data for ECCS performance
_______evaluation during large LOCA

Case2 4.53 (657) 0.098 (14) Obtain data for high pressure design

Case3 15.22 (758) 0.098 (14) Obtain data of large differential pressure

Case4 .4.04 (586) 0.49 (71) Obtain data of small differential pressure

mIIETM "M EhFE.U 3 A5 iMhuMM% ~ ~~ E UAP-HF06021 -105
Im 16 a. ED.



Draft Slid-e]!

4.2 De;tailed Description of Tests and Results APW'
7 ý11nr-

);ýTest conditions (cont.) 1/2 scale tests

v Resistan~ce Coefficient of Injection Pipe I
/Initial Water Level in Accumulator Tank: actual
operating condition

,/Opening T

*Set as short as

'ime of Valve:[ I sec*

possible to get data at small cavitation factors

-m ~: UIITuI URI4moUUE pim iew IBlfl IT IC irT
UAP-HF06021 -106
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4.2 Detailed Description of Tests and Results

AIe tests1/2 sc~
) Parameters to be ieasured
V/ Water level, pressure and temperature in test tank

VWater level in standpipe

/Pressures in injection pipe and exhaust tank

)~Measuring equipment

/Level gauges
v/ Pressure gauges
v1 Temiperature gauges

±. IIUTCEEDE@UE MEAII~~ EhEhEECTDEEC I TE~
UAP-HF06021 -107
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4.2 Detailed Description of Tests and Result~s

- ~

112 scale tests
F);;Cas'e1

-initial Tank Pressure: 586psig
-initial Back-Pressure: lUpsig

El
0
C
ci)

ID
0
C.)

Cu

0
U-

~c0hI liii I I I I
ii~

I I I - , I I I

I I I r Ill I I I I H ill
I I I I Ill I I liii I I I I III

I I liii I I liii I I I I liii

I I I III I I r Iii I ) I liii
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Cavitation factorcr,

,/Data can be profiled with normalized numbers
V Resistance coefficient of large flow injection is mostly

less than[ I
V~ Flow-switching ratio is approx.[

-Water level is maintained in a stand pipe
*Flow rate sharply switches at the top of stand pipe
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4.2 Detailed Description of Tests and Results \APS~
Tflr~fl ~1r rrFr~, ~ rr'~tr~~ -~ -~ - -

11/2 scale tests,
)ýCase2

-initial Tank Pressure: G57psig
*Initial Back-Pressure: lUpsig
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Cavitation factor o-

v"Data can be profiled with normalized numbers
$Resistance coefficient of large flow injection is mostly
less than[

/Flow-switching ratio is approx.[

MT~URUSHLHFAVYZINDU~TRIFS

-Water level is maintained in a stand pipe
*Flow rate sharply switches at the top of stand pipe
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4.2 De tailed Description of Tests and Results
"I "m41

11/2 scale testsI
)ýCase3

-initial Tank Pressure: 758psig
*Initial Back-Pressure: 14psig
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Cavitation factoro-

v*'Data can be profiled with normalized numbers
/Resistance coefficient of large flow injection is mostly
less than[I

$Flow-switching ratio is approx.[

*Water level is maintained in a stand pipe
*Flow rate sharply switches at the top of stand pipe
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4.2 Detailed Description oý Tests and Results CA PS
HflrvThy .~. ~ .

11/2 scale testsI
)ý;Case4

*Initial
-initial

rank Pressure:
3ack-Pressure:

586psig
71 psig

vi
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Cavitation factor a

v Data can be profiled with normalized numbers
V Resistance coefficient of large flow injection is mostly

less than[ ]
V Flow-switching ratio is approx.[I

-Water level is maintained in a stand pipe
*Flow rate sharply switches at the top of stand pipe
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4.2 Detailed Description of Tests and Results -7 ....................

1/2 scale tests
);ýCase5

I

-1

v/Data can be profiled with normalized numbers
V Reistncecoefficient of large flow injection is mostly

less than[t
V Duration of large flow injection is just a little longer

(approx..[ ýec..) than in Case I
VFlow-switching ratio is approxi I

*Water level is maintained in a stand pipe
-Flow rate sharply switches at the top of stand pipe
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4.2 Detailed Description of Tests aný' es Its;A~

77

11114Pýw
11/2 scale tests-

)ýCase6

I ~
I ~'

$ Data can be profiled with normalized numbers
$Resistance coefficient of large flow injection is mostly
less than[I

V Flow-switching ratio is approx..[

-Water level is main tained in a stand pipe
*Flow rate sharply switches at the top of stand pipe
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4.2 Detailed Description of Tests and Results Al

$,Re
les

/Flc

-. RJH=HEAV J_4D $XR ES, LTD.

112 scale testsI
se7

ita can be profiled with normalized numbers
sistance coefficient of large flow injection is mostly
s than[ I
)w-switching ratio is approx.[

-Water level is maintained in a stand pipe
'Flow rate sharply switches at the top of stand pipe

UAP-HF06021-1 14
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4.2 Detailed Description of Tests and Results
-- - -~ -- - - - - -- rrrm

11 2 scale tests
Discussions and summar

Performance confirmation during large flow
v'(In case of LOCA condition, resistance coefficient was

approxj [
'(The results were consistent with the performance goal

>Performance confirmation during small flow
(flow switching ratio)

VIThe flow rates before and after the flow switching were
,approx. [ 1m3/s (approx.[ 1m3/h) and approx.[
Im3Is (approx.[ 1m3/h)

I

v*'(The flow-switching ratio was approx.1 I
'(The results were consistent with the performance goal

-MTUk- YINUSTELTD.
P-H F06021-1 15
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4.2 De'tailed Description of Tests and ResuIts 2tJS

S112 scale tests
Dmiscussions and surm ary (cont.)

Wa'ter level when switching flow
vflIlt was confirmed that flow rate was switched at the

'expected water levell

I

v2Water levels for flow-switching were within the range from
[ mm to[ 1mm of the expected water level

v Water level for flow-s3witching was limited to a sufficiently
small range

SWater level undershoot when switching flow rate
v'The undershoot of water level in each test during the flow

switching was shorter than the height of the standpipe and
ýsufficient margins were provided to prevent gas
ýentrainment

MOVSIRL 1 -4UAP-H~
-. SF -H RSI HAV~Y MNU-SJRIES. LTD.
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4.2 DetalNed Dscriptilon of" 'Tests a dr Results

1/2 scale tests
Discussions and sunm ar (cont.)

SThe effect of dissolved nitrogen gas
V/In the test with nitrog en-saturated water, the duration of

large flow injection w~as only slightly longer (approx.[ I
seconds)

v/Water in the actual accumulator tank is not saturated with
nitrogen, so it can be assumed that dissolved nitrogen is
less effective

SThe result of the simulation of the function test
VIt was confirmed that the cavitati on factors over a wide
range can be obtained

-BJHAVJNUSRELD 
UAP-HF06021-1 17



.3 Scalability and Validity of Flow Ra te
Characteristics

-11 j-

\:AP~i

v 'Navier-Stokes equation gives:
e Reynolds number :fluid viscosity for internal flow
* Froude number :gravity for free surface

v' Cavitation gives:
oCavitation factor :generation of bubbles for internal flow

*A Reynolds number and a cavitation factor
affect flow rate characteristics of flow
dampers
*A Froude number determines the time sca le
of, transients of water levels in accumulator
tank and standpipe

Limmuayvp no i o is Tnb
UAP-HF06021-1 18
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..3 Scallability and Validity of Flow Rate

Characteristics

Reynolds numbers I
v,"Actual plant :Re=Li ]1
/1/ý2-scaled Model : Re=LI

V' 1/5-scaled Model: Re=LI
]1

]1
Reynolds numbers are calculated with respect to the throat

SCavitation factor
v/ Cavitation factors are common for the actual plant and

the models

~ LTD.UAP-HF06021 -119
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.3SScalability and Validity of Flow Rate

Characteristics

I. ~

LSMSBSHL-HEAVYAND-USTRIES, LTD.
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6,3 S1calability and Validity of Flow Rate

Characteristics
QAiA

v' Flow rate coefficients with respect to cavitation factors
collapsed into same lines for large and small flow
rates respectively

v The effect of friction is negligible
vThe measured characteristics can be applicable to the

actual plant with re spect to a cavitation number

SUBIHLHEV~I~~U~JIESLTD.UAP-HF06021 -121



Draft Slide -.

.3Scalability and Validity, of Flow Rate
Characteristics ~P4

WVaidity of data for lar el raeInetn
!"Flow rate coeffidlent lessens as a cavitation factor
;gets smaller

It is reasonable because cavitation is stronger for a small
cavitation factor

,/~flow rate coefficient approaches a constant -value
ias a cavitation factor gets larger

*It is reasonable because cavitation vanishes for a large
cavitation factor

~Vali idty of datafor smali flow rate injection
v<ýFlow rate coefficient is independent of cavitation

factor
e It is reasonable-because there is no effect of cavitation

.u~ u~~uuu EUE~ ~ N~N *~u~u ~ U -~ UAP-HF06021-1 22
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5 1
5., Cncpi ad'Jut~F ,,tie )

Pwi

5.1 Characteristic Equations of Flow Rate
for Safety Analysis

5.2 Uncertainty of Characteristic Equations.
5.3 Errors of Water Level for Switching Flow

Rate
5.4 Acc Simulation Method for Safety
Analysis

MLTSBI5LHEAW~U1LRISF TD.UAP-HF06021 -123
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4ýCharacteristic E~quations of Flow Rate for

Safety Analysis QAPS

Exp~erimental formulae were derived separately for
large and small flow rate injections by curve fitting
using the data of 1A2-scaled tests

~Forý arg eflow rate injectio
C,= 0.7787-O0.6889 exp(-O0.523 8u,)

SFor small flow rate, injection
C~, =O0.07197-O0.01904 exp(- 6.818u,).

Flow resistance coefficient

;V 2
CV

mITEEIUEUE EEAYJV' umEiEToirc i Tnb
UAP-HF06021-1 24
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P.ICharacteristic Equations of Flow Rate for

Safety Analysis

/¶1J~iIJ
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5.2 Ucertainty of Clharacterist"ics Equations(ZIS..'

SEstimation of uncertainty
Iv Data of ½2-scaled model -were used to make the

characteristic equations
v/iEstimation of uncertainty was carried out in

,accordance with the Japanese version of
"Measurement Uincertainty," Supplement on
Instruments and Apparatus, Part 1, ASME
iPerformance Test Codes, (ANSI/ASME PTR 19.1-
.1985) translated and pri~nted by JSME, 1987

SCa uses of uncertainty
/V Experimental errors

-*/Instrumental errors
K ,.Manufacturing errors

UAP-HF06021-1 26
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5.3 Errors of Water Level for Switching Flow Rat ZA ;

V Dsplacement of water level at switching of flow2
rates from the elevation of the inlet port of the
standpipe

/Water level at switching of flow rates was defined as
an intersecting point of two curves of water levels
for large and small flow rate injections

MI-TU%1r -E--V-YIN T IS, TD.UAP-HF06021-1 27
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5.4 Acc Simulation Method for Safety Analysis

SSimulation Model
V/ Resistance coefficient 4,is calculated using the correlation

between 07~, and CV,
/Correlation is incorporated into the LOCA analysis code and~

ý; is calculated at each time-step

SComputational procedure for 4,
1) o7, is8 calculated from the flow condition at flow damper

()7 P~D +at -P
V 2

(P~~ -+pgH
g 2

S -BO I JVVNDUS TRIES, LTD.

av Cavitation factor

~at Atmospheric pressure

PD Flow damper outlet pressure

P9 Holding Gas pressure in accumulator

P, Vapor pressure
,0, Density of water

g Acceleration of gravity

H Height from accumulator water level to outlet pipe

rVD Velocity in injection pipe

UAP-HF06021 -128
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5.4 Acc Simulation Method for Safety Analysis

ý>ComputationaI procedure for (Cont.n)
2) C~, is calculated using; the following correlations:

For'Large Flow-Rate:

ForýSmaII Hiow-Rate:

C,= 0.7787-O0.6889 exp(-O0.523 8cTJ

C, =O.07197-O0.O19O4exir(-6.818cr-)

3) CV I is converted to4,

4) Total, resistance coefficient calculation

Kacc =4ý;v + Kpipe

'~acc Total resistance coefficient of accumulator and injection pipe

iK pipe :Total resistance coefficient of injection pipe

ll~
Note; Unce Irtainty of characteristics equations is considered conservatively

to evaluate fuel cladding temperature in LOCA analysis
L MISUBIHLI'E-A-Y4NUSTRES.LTD.
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5.4 Ac'c Simulation Method for Safety Analysis

Preliminar Plant Analysis

"A v 43W -W- JI-8HLHEAVTiNDUTEIS, LT D.
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5.4 Ac;c Simulation Method for Safety Analysis(ýS Q -

SPreliiminary Plant Analysis (Cont.n)

(Japaee APWR results by SATAN-M and BASH-M)

A*-,
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Downcomer Level Fuel Claddinci Temperature
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>~The Advanced Accumulator design has been
validated by the four kinds of tests

>~These tests and evaluations have demonstrated
that 'the behavior of the design is scalable

SThe'testing performed covered the full range of
the expected applicability of the system installed
in an APWR under design basis LOCA conditions

I~HIE-A~~UND STRES, TD.UAP-HF06021
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6m.Summr C.A :P

Testing fully investigated the features of this
passive system thus ensuring a well understood
p erformance of this component i
Empirical flow coefficients have been developed
using these test results for use in an integrated
thermal hydraulic model of the APWR Reactor
Cool ant and EGGS sy stems

i UTQEERECU UCAUNF MnIUEUCTrECV Urnf
UAP-HF06021 -133
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