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NUCLEAR REGULATORY COMMISSION 

+  +  +  +  + 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS (ACRS) 

SUBCOMMITTEE MEETING ON US-APWR TOPICAL REPORTS 

+ + + + + 

OPEN SESSION 

+ + + + + 

FRIDAY, OCTOBER 24, 2008 

+  +  +  +  + 

ROCKVILLE, MARYLAND 

+  +  +  +  + 

 The subcommittee came to order at 8:00 a.m. in 

Room T2B3 of Two White Flint Two, Otto L. Maynard, 

Chairman, presiding. 

MEMBERS PRESENT: 

 OTTO L. MAYNARD        Chairman 

 SAID ABDEL-KHALIK      ACRS Member 

 J. SAM ARMIJO          ACRS Member 

 DENNIS C. BLEY         ACRS Member 

 WILLIAM J. SHACK       ACRS Member 

 JOHN D. SIEBER         ACRS Member 

 JOHN W. STETKAR        ACRS Member 

 NEIL COLEMAN           Designated Federal 

                               Official 
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 P R O C E E D I N G S 

 (8:01 a.m.) 

  CHAIRMAN MAYNARD:  Okay, I'd like to call 

the meeting to order this morning.  We're in open 

session here for just the opening remarks, which there 

are very few.  It would basically continue from 

yesterday. 

  Once we close the session here, we will 

pick up any items left over from yesterday that we 

have information on.  And it will go into the 

accumulator discussion. 

  So with that, I'll ask if there is anybody 

from the public here who has any comments or any 

discussion. 

  (No response.) 

  CHAIRMAN MAYNARD:  Okay, with that, I will 

announce that after the closed session this morning, 

we will be coming back into open session to end the 

meeting.  That is scheduled for 11:15.  So anybody -- 

any member of the public that is here, that's when we 

will resume the open session at 11:15. 

  With that, we'll go ahead and close the 

meeting.  We'll close the transcript and we'll make 

sure that if there are any member of the public here, 



 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com 

 4

anybody -- 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

  MEMBER SIEBER:  You have to tell us. 

  MR. PAULSON:  I am looking.  I don't see 

anybody that I am aware of. 

  CHAIRMAN MAYNARD:  Okay.  That ought to 

take care of that side of the room. 

(Whereupon, the foregoing matter went off the record 

at 8:02 a.m. and went back on the record 

at 11:15 a.m.) 

  CHAIRMAN MAYNARD:  He must be doing a very 

thorough job.  Nobody from the public? 

  MR. COLEMAN:  Nope. 

  CHAIRMAN MAYNARD:  I guess not. 

  CHAIRMAN MAYNARD:  Well, it is 11:15.  If 

somebody does come in, I'll reiterate for them what 

we're doing. 

  We are in open session right now.  I'd 

like to just go around the room.  Again, we're not 

here to make any final conclusions, decisions, or 

anything.  I think we provided most of our comments 

but I'll just start with you Said.  Do you have any 

additional? 

  MEMBER ABDEL-KHALIK:  I really have no 

additional comments beyond what you captured at the 

end of each presentation for each individual topical 
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  CHAIRMAN MAYNARD:  Okay.  John? 

  MEMBER STETKAR:  Nothing, thanks. 

  CHAIRMAN MAYNARD:  Okay.  Bill? 

  MEMBER SHACK:  No. 

  CHAIRMAN MAYNARD:  Sam? 

  MEMBER ARMIJO:  I'd like to make a couple 

points.  First of all, I think it is a very ingenious 

device and a lot of good testing has been done.  The 

thing I would like to see, and I'm sure you have done 

it, is something like a failure modes and effects 

analysis to try and see if there is any mechanism by 

which this important safety system could be defeated. 

  And whether it is a blockage of one by gas 

or material or some other way, but I think it is about 

the only contribution that I think I could make is 

spotting some problem that you haven't spotted.  And I 

certainly can't do that. 

  But I think it is a very novel and 

workable device.  I think scaling is very important. 

  CHAIRMAN MAYNARD:  Okay.  Dennis? 

  MEMBER BLEY:  No more comments.  It has 

been a learning couple of days for me.  And I 

appreciate it. 

  CHAIRMAN MAYNARD:  Jack? 
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  MEMBER SIEBER:  For me I have no 

additional specific comments.  But I'm eager to see 

the staff's SER.  And when we see that and review 

that, we will be in a position to provide our final 

remarks to the topical reports. 
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  I'd like to thank the presenters for the 

excellent job. 

  MR. SHIRAISHI:  Thank you very much. 

  MEMBER SIEBER:  It has been a pleasure. 

  CHAIRMAN MAYNARD:  Okay.  Well, I'd like 

to add my thanks.  I think it has been very 

informative.  And I'm really impressed with the amount 

of information that you are willing to provide and 

that you have provided. 

  It is sometimes hard for us to digest all 

of that.  And obviously there are times when we 

struggle with understanding a little bit of it.  You 

struggle with understanding some of the things we're 

really asking.  And I think we're all just going to 

have to be patient and work through that. 

  I think on the plus side, it just -- the 

willingness of Mitsubishi to provide data to us and to 

try and get answers to our questions very quickly, I 

think, you know, the testing and the various things 

that you have done is going to go a long way in our 
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  What we will be doing is we meet again in 

November, in a couple of weeks, on a couple of the 

other reports.  And then when we have our full ACRS 

meeting, we will talk internally a little bit about, 

you know, where do we go from here and what do we need 

to do. 

  But I think these meetings have been very 

informative to me in just helping us outline what we 

are going to be in for in our review of the DCD and in 

the overall US-APWR design. 

  So with that, I would like to -- 

  MEMBER SHACK:  Let me just ask one -- I'm 

trying to keep track of all the reports.  And there 

was some implication that we've gotten the one-seventh 

scale report.  But it doesn't ring any bells with me. 

 And is that because I've missed it?  Or has anybody 

else seen it? 

  Neil, do you know whether that was on one 

of the CDs? 

  MR. COLEMAN:  It may have been.  I don't 

know for certain but it may have been one of the 

technical reports because along with the topical 

reports, the CDs have numerous technical reports. 

  MEMBER SHACK:  Okay.  I didn't see it. 
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  CHAIRMAN MAYNARD:  I think we probably 

need to put together a new consolidated list because 

we've gotten a couple of other new CDs. 
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  PARTICIPANT:  The staff may know.  The 

staff may know for sure. 

  MR. CIOCCO:  This is Jeff Ciocco of the 

NRC staff.  If there was a one-seventh scale test 

report as a technical report then you have it.  I'm 

not certain that there was a separate technical 

report.  Mitsubishi would have to answer this outside 

of the actual topical report or an appendix to it. 

  But if there was a separate report, you do 

have it.  I'm not sure -- I looked in my list.  I 

didn't see a separate report. 

  MEMBER SHACK:  Oh, so it is Appendix A of 

the LOCA Report that we're talking about then? 

  MR. CIOCCO:  I'm not sure.  What exactly 

is the name of the report you are asking about?  It's 

the -- 

  MEMBER SHACK:  It's the one-seventh scale 

test where they were looking at the flow variability, 

you know. 

  MEMBER BLEY:  They mentioned it in the 

last hour. 

  MEMBER SHACK:  Yes. 
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  MEMBER BLEY:  The other one that was 

mentioned that we haven't seen, and maybe you've got 

it as the topical on the gas turbine they mentioned. 
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  MR. CIOCCO:  Yes, you have that one.  That 

was dated December 5th of 2007.  And that is on the CD 

that we gave -- Mitsubishi provided all the technical 

reports and topicals as of about a month or two ago. 

So you do have that one. 

  I showed Neil where he can get it.  They 

provided the CD.  And the -- 

  MEMBER SHACK:  Maybe no one -- 

  MR. CIOCCO:  Okay, is this -- the reactor 

vessel lower plan in one-seventh scale flow model 

test?  Yes, dated June 30th.  You should have that on 

your CD as well.  I'll double check with Neil. 

  MEMBER SHACK:  Okay.  Maybe no one looks 

at topical reports because -- and I didn't look at 

technical reports. 

  MR. CIOCCO:  Correct.  They are in the 

technical support and supplement, the design control 

documents separately. 

  CHAIRMAN MAYNARD:  I think we can make a 

current list of what we have.  And then we'll have 

that to go by. 

  MR. PAULSON:  Would it be all right if 
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Kumakisan made a closing statement? 

  CHAIRMAN MAYNARD:  Yes, yes, go ahead. 

  MR. KUMAKI:  Sorry, sorry for my later 

introducing by myself.  My name is Yoshinari Kumaki 

from Mitsubishi Heavy Industries.  And I am a DCD 

manager on the MHI.  And so today and yesterday I am 

as a representative of our general manager, Mr. Ogata. 

 He will come up the next November meeting. 

  So we have already submitted and they 

already presented our topical report and technical 

report with the core and the fuel and also today the 

accumulator and the safety features. 

  So we may present enough information for 

our topical report but yesterday and today many 

discussions have occurred.  And some parts we could 

answer your question but some portion the result 

provide the addition RAI from NRC.  Maybe it is 

presented by ACRS members. 

  And at the end of the topical report, 

safety evaluation report will be prepared by NRC and 

at that time, we'd like you to review again our 

topical report as a safety evaluation report review. 

  So next November, we will present about 

the INC area.  And maybe I heard in the next year, 

early spring, we will present about the safety 
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analysis code.  So please review our topical report 

and also including our DCD of US-APWR in future.  

Thank you very much. 

  CHAIRMAN MAYNARD:  Okay.  Very good.  

Thank you. 

  With that, we will bring the meeting to a 

close.  And we will adjourn the meeting.  Thank you. 

  (Whereupon, the above-entitled open 

session of the ACRS meeting was concluded at 11:23 

a.m.) 
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Contents of Presentation

1. Outline and Status of the Topical Report

2. Contents of the Topical Report

3. Conclusions
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1. Outline and Status of 
the Topical Report
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Outline of the Report

US-APWR has adopted an Advanced Accumulator 
(ACC) which incorporates passive flow switching 
from a large flow rate for refill to a small flow rate for 
reflood after a postulated LOCA
The ACC design is based on four scale model tests
• Principle and performance of the ACC were evaluated
• Empirical correlation for flow rate coefficient was 

formulated
• Scalability to the actual plant was also confirmed
Empirical formula developed from these test results 
are applied for LOCA analysis of the US-APWR
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Present Status 
• Status

– Submitted in January 2007

– Docketed in March 2007

– 1st RAIs from the NRC were issued in June 2007

• All responses to the NRC were completed in July 
2007

– 2nd RAIs from the NRC were issued in August 2008 

• All responses to the NRC were completed in 
September 2008
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2. Contents of the Topical Report
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1. Introduction

2. Characteristics of the Advanced Accumulator 
(ACC)

3. Detailed Design 

4. Confirmatory Testing Program for the ACC

5. Concept of the Safety Analysis Model

CONTENTS of the Topical Report
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1. Introduction (1)
The ACC is incorporated into the safety 
system design of the US-APWR in order to 
provide the low pressure injection function of 
conventional Emergency Core Cooling 
Systems (ECCS)

ECCS of US-APWR consists of the 
accumulators and the safety injection pumps

The ACC simplifies the configuration of the 
ECCS
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1. Introduction (2)

Details of the ACC are presented in the 
topical report for review and approval by the 
United States Nuclear Regulatory 
Commission (USNRC)

MHI will explain the topical report (function, 
principles, requirements and characteristics, 
testing and verification, etc.) of the ACC
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2. Characteristics of the ACC

2.1 ECCS Performance during LOCA (1)
Basic design concept

Achieve high reliability with simplified systems
Introduce On Line Maintenance feature assuming
single failure

High Reliability
4 Train Configuration 
-50% x 4 for large break LOCA
-100% x 4 for DVI line break LOCA
In-containment RWSP 
Eliminate recirculation switchover

Simplification
Advanced accumulators (ACCs)
(Integrated function of low head injection system)
ECCS train includes only an accumulator and 
high head injection system
(Low head injection system is not installed)
Direct vessel injection 
(no inter-connection between trains)
Common use of CSS and RHRS

SG SG

SG SG

RV
ACC

ACC

ACC

ACC

C/L

H/L H/L

C/L

H/L H/L

C/L C/L

SIP SIP
CS/RHRPCS/RHRP

SIP SIP
CS/RHRPCS/RHRP

RWSP

SPRAY 
HEADER

SPRAY 
HEADER

RV: Reactor Vessel
SG: Steam Generator
ACC: Advanced Accumulator
RWSP: Refueling Water Storage Pit
C/L:    Cold Leg
H/L:    Hot Leg
SIP: Safety Injection Pump
CS/RHRP: Containment Spray /

Residual Heat Removal Pump
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Blow down
& RV refill Core re-flooding Long term cooling

Accumulator flow

Requirement 
for injection

In
je

ct
ed

 fl
ow

Time

High head 
injection pump

Low  head 
injection pump

Current 4 Loop Plant

SI pump allowable
start time

Accumulator flow

In
je

ct
ed

 fl
ow

Time

Blow down
& RV refill Core re-flooding Long term cooling

Requirement 
for injection Safety 

injection 
pump

US-APWR

Automatic switching of injection flow rate by flow damper
Eliminates low head injection system
Extended injection of the ACC allows more time for safety  
injection pump to start → Gas turbine generator adopted

2. Characteristics of the ACC

2.1 ECCS Performance during LOCA (2)
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•Accumulator System
•High Head Injection System

•Low Head Injection System
•High Head Injection System

Step2
Core Reflooding 

•Accumulator System•Accumulator System
Step1
RV Refilling 

•High Head Injection System
•Low Head Injection System
•High Head Injection System

Step3
Long term cooling

US-APWRUS Current 
4 Loop PlantItem 

Elimination of low head injection system does not  affect 
core cooling capability during long term cooling

2. Characteristics of the ACC

2.1 ECCS Performance during LOCA (3)
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Mechanical Configuration of Flow Damper
•Small flow pipe 
tangentially attached to 
the vortex chamber

•Large flow pipe radially 
attached to the vortex 
chamber

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

•Diffuser is provided to 
recover the pressure 
drop during large flow

2. Characteristics of the ACC

2.2 Principle of the ACC (1)
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Structure of the ACC 

• 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

Vortex Chamber

2. Characteristics of the ACC

2.2 Principle of the ACC (2)
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At high water level
•Water enters into both 
large and small flow pipes
•Both flows collide with 
each other and do not 
form a vortex in the vortex 
chamber
•Large flow rate is injected
•Cavitation at the throat 
affects flow rates

At low water level
• Water stops flowing 

to the standpipe
• The flow from the 

small flow pipe forms  
a strong vortex in the 
vortex chamber

• Small flow rate is 
injected

Characteristics of the ACC

2. Characteristics of the ACC

2.2 Principle of the ACC (3)
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Goals 
Refilling process (large flow injection)

• Immediately inject the water equivalent to the 
volume of the downcomer and lower plenum of RV 
to attain refilling

Reflooding process (small flow injection)
• Continues injecting water following the refilling 

process to maintain downcomer water level
- The duration of small flow injection is associated with  Safety 

Injection (SI) pump capacity. The small flow injection needs to 
be continued until SI Pumps take over.

3. Detailed Design

3.1 Design Basis and Specification of the ACC (1)
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300 oF(149 oC)Design temperature

Approximately 640psig(4.41MPa)Normal Operating Pressure

1,342 ft3 (10,038 gal)Large flow injection volume 

3,180 ft3 (23,775 gal)Volume

784 ft3 (5,865 gal)Small flow injection volume

700 psig (4.83 MPa)Design pressure

4Number

Vertical cylindricalType

Specification of the ACC 
Total Volume of the ACC is calculated by summing up the 
following volumes

• Water volume of large flow injection  
• Water volume of small flow injection  
• Gas volume and dead water volume

The validity of the volume has been confirmed in ECCS analysis for the US-APWR

Specification of the ACC

3. Detailed Design

3.1 Design Basis and Specification of the ACC (2)
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Major dimensions of the 
ACC

Total height; approx. 30ft     
(9m)
Inner diameter; approx.13ft 
(4m)

Flow Damper
Outline drawing of the ACC

Outlet pipe ; stems from the upper 
side of the flow damper

Dead water volume is less than the 
case of stemmed out from the bottom

3. Detailed Design

3.2 Structure of the ACC
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Structure of the flow damper

Flow Damper

Vortex Chamber

Flow Nozzle
Standpipe

Anti-Vortex Cap

Anti-Vortex PlateSmall Flow Pipe 

Outlet Pipe

3. Detailed Design

3.3 The Structure of the Flow Damper
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Anti-vortex cap

Standpipe

Flow damper

Items to be confirmed Tests

Visualization 
Tests with 

1/3.5-and 1/8.4-
scale models

Full Pressure 
Injection Tests 
with full height 
1/2 diameter 
scale model

Low Pressure 
Injection Tests 
with 1/5-scale 
model

Transient of water level in the 
standpipe at flow switching

Water level in the test tank at flow 
switching with respect to the inlet 
port of the standpipe
Principle of flow damper

Performance of the flow damper 
during large and small flows

Effect of dissolved nitrogen gas

Prevention of vortex formation at 
the end of large flow

Dimensionless numbers ( cavitation 
factor and flow coefficient ) that 
represent flow characteristics
Independency of flow 
characteristics from scales of flow 
dampers

Confirmation Items

4. Confirmatory Testing Program for the ACC

4.1 Purpose of the ACC Scale Testing
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Four of scale models were made
Demonstration of flow switching (1/8.4 scale 
visualization tests)

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

Acquisition of the flow rate characteristics at low 
pressures (1/5 scale visualization and low pressure 
injection tests)

Confirmation tests at actual plant system pressure
(full height 1/2 diameter scale full pressure injection 
tests)

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (1)



UAP-HF08214-21

(1) 1/8.4 scale tests
Objectives
Demonstration of flow switching

Confirmation of operational characteristic of the flow 
damper

• Visualize the characteristics of flows in the flow 
damper and the standpipe during large flow 
injection, flow switching from large to small, and 
small flow injection

• Observe the characteristics of flow and switching 
process 

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

1/8.4 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (2)
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Test apparatus (Fig. 4.2.1-1)

The test apparatus consisted of an ACC scale 
model, an exhaust tank and an injection pipe
The scale of the flow damper was 1/8.4
(The scale selected to be portable for 
demonstration)
The vortex chamber was in an upright position
The front panel was made of transparent acrylic 
resin (inside standpipe and the flow damper were 
observed)

1/8.4 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (3)
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Test results and discussions

Characteristic of flow just before flow switching from 
large to small

24.10 seconds after initiation of the test

time

Flow rate

1/8.4 scale test

large flow
time

Flow rate

Water level

Air injection for 
visualization

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (4)
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Basic performance of the flow damper was confirmed 
as follows:

(1) When water level higher than the top of the standpipe
(large flow injection)
- Flows from the standpipe and the small flow pipe collided 

with each other in the vortex chamber and directly went 
to the outlet port

- Vortex was not formed in the vortex chamber
- Resistance was small so large flow rate produced

(2) When water level lower than the top of the standpipe
(small flow injection)

- Flow from the standpipe stopped and only the flow from the  
small pipe came into the vortex chamber

- Strong and steady vortex was formed
- Resistance was large so small flow rate produced

Summary 1/8.4 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (5)
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(2) 1/3.5 scale tests
Objectives

Confirmation of quick flow switching and 
prevention of vortex formation at the inlet 
port of the standpipe with an anti-vortex cap

• The ACC design utilizes the anti-vortex cap on 
the top of the standpipe to prevent formation of a 
vortex and gas entrainment during flow switching

1/3.5 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (6)
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Test apparatus (Fig. 4.2.2-1)

The test apparatus consisted of a standpipe, a 
test tank, a pump and an injection pipe

The anti-vortex cap was made of transparent 
acrylic resin to observe the characteristics of a 
vortex at the inlet of the standpipe 

The scale of the inlet port of the standpipe was 
1/3.5 for easy observation

1/3.5 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (7)
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Test conditions
Froude numbers were used to simulate the flow  
conditions at the time of flow switching
Pressure in Accumulator Tank : atmospheric 
pressure
Anti-vortex Cap with Skirt :(1) not attached and (2) 
attached

1/3.5 scale tests

Parameters measured during test
Flow rate transition
Water level in the tank

Measuring equipment
Electro-magnetic flow meter
Ruler attached on the sidewall of the tank

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (8)
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Gas entrainment started at 
26 seconds
Fluctuation of flow rate 
was generated for several 
seconds
It took up to five seconds 
for flow rate to decrease to 
zero after the fluctuation

Test results and discussions (Flow Characteristics)

Flow rate stopped in 
approx. one second from 
25.5 seconds
Flow rate switched more 
quickly than that in the 
case without the anti-
vortex cap

1/3.5 scale tests

Without anti-vortex cap

With anti-vortex cap

800 gpm

800 gpm

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (9)
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Summary

Effectiveness of the anti-vortex cap was 
confirmed, using 1/3.5-scale model of the 
inlet port of the standpipe

• It was confirmed that the anti-vortex cap 
makes quick flow switching and prevents gas 
entrainment

1/3.5 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (10)
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1/5 scale tests

Objectives
Observation of the vortex operational principle of flow 
damper

(3) 1/5 scale tests

• Evaluate cavitation factor and flow rate coefficient during 
large and small flows

• The flow characteristics obtained by the tests were 
compared with the results of 1/2 scale tests to confirm the 
validity of applying the similarity design method

Evaluation of performance during large and small flows

• Visualizing flow in the vortex chamber during large flow 
injection, flow switching from large to small and small flow 
injection

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (11)
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Test apparatus (Fig. 4.2.3-1)

The test apparatus consisted of a tank, a flow damper, a 
standpipe, an injection pipe and an exhaust tank

The flow damper with a wall made of transparent acrylic 
resin was installed outside the test tank to observe the 
characteristics of flow in the flow damper

The scale of the flow damper was 1/5 
Several flow damper models were installed and tested at 
pressures lower than 128 psig

1/5 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (12)
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Test method 
Visualization

• The flow in the chamber was observed and recorded using a video 
camera

Acquisition of  flow rate characteristics
• Pressures 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, then flow rate coefficient and a cavitation factor
were calculated

1/5 scale tests

Parameters measured during test
Water level *, pressure and temperature in Test Tank
Water level in Stand Pipe
Pressure in Injection Pipe
Flow in Vortex Chamber observed and recorded
Measuring equipment

Level gauges
Pressure gauges
Thermocouples               *Flow rate was calculated from water level in the test tank 

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (13)
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•Both large and small 
flows collided with each 
other in the chamber

•The resultant combined 
flow went straight to the
outlet port

•It showed transient from 
large to small flows

•Vortex promptly began 
to form

•Small flow tangentially 
entered in the chamber

•Strong and steady vortex 
formed in the chamber

Results of visualization test 1/5 scale test

Large Flow          Flow Switching Small Flow

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (14)
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Characteristic confirmation test
conditions (Table 4.2.3-2)

The initial pressures for the test tank and the 
exhaust tank were pre-determined at values 
that would facilitate the testing

1/5 scale test

Confirm  the flow characteristics of the flow 
damper with wide variations of cavitation factor

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (15)
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Data can be profiled with normalized number

1/5 scale testsTest results of flow characteristics 

Flow rate coefficient, Cv, and
cavitation factor, σv, are 
defined as follows;
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ＫＤ :Resistance coefficient of flow damper
PA :Test tank pressure (Pa)

:Density of water (kg/m3)
g    :Acceleration of gravity (m/sec2)
H    :Distance between water surface and center of flow damper (m)
H’ :Distance between centers of chamber and measuring point PD (m)

Pat :Atmospheric pressure (Pa)
Pv :Vapor pressure of water (Pa)
PD :Static pressure in injection pipe (Pa)
VD :Velocity in injection pipe (m/sec)

:Cavitation factor (-)

ρ
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Data can be characterized by dimensionless numbers
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4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (16)
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Summary
Confirmation of the principle of the flow damper

•During large flow injection
- Vortex was not formed in the vortex chamber

•During flow switching from large to small
- Flow to the outlet port formed a vortex in approx. one second 

after the start of flow switching
- It was also confirmed that the flow rate smoothly switched in 

a short time
•During small flow injection

- Swirling flow quickly traveled to the outlet port, and a strong
and steady vortex was formed in the chamber

1/5 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (17)
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Summary (cont.)
Confirmation of performance

• The data can be characterized by the dimensionless 
numbers (flow rate coefficient and cavitation factor)

• The experimental data of flow-switching ratio met the 
design requirement

• The characteristic curve of small flow injection 
showed that a flow rate coefficient was independent 
of cavitation factor

1/5 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (18)
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1/2 scale tests

Objectives
Confirmation of the expected performance

•Resistance coefficient of the flow damper at large flow injection
•Flow-rate ratio at flow-switching from large to small 

Confirmation of the flow characteristics
•The flow rates obtained by the tests were characterized by the 
dimensionless numbers (flow rate coefficient and cavitation 
factor)

Confirmation of the water level at flow switching 
Evaluation of the effect of dissolved nitrogen gas 

•Performed tests to evaluate the effect of dissolved gas

(4) Full height 1/2 scale tests

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (19)
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Test facility (Fig. 4.2.4-3) 1/2 scale tests

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

Heights of the test 
tank and the 
standpipe were full 
scale

The diameters of the 
test tank and the 
flow damper were 
1/2 scale

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (20)



UAP-HF08214-40

Test conditions (Table 4.2.4-1)
Resistance Coefficient of Injection Pipe : actual plant value

Initial Water Level in Accumulator Tank : actual operating level

Opening Time of Valve : Set as short as possible to get data at 
small cavitation factors

1/2 scale tests

Parameters measured during test
Water level, pressure and temperatures in test tank

Water level in standpipe

Pressures in injection pipe and exhaust tank

Measuring equipments
Level gauges*
Pressure gauges
Thermocouples            *Flow rate was calculated from water level in the test tank

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (21)
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Test result of Case1
•Initial Tank Pressure: 586psig
•Initial Back-Pressure:  14psig

•Water level is maintained in the stand pipe 
•Flow rate quickly switches at the top of stand
pipe
• Data can be characterized by dimensionless

numbers

Level of anti-vortex cap

Level of vortex chamber

Height of stand pipe

1/2 scale tests
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4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (22)
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1/2 scale testsDiscussion and summary
Flow characteristics confirmation 

Data can be characterized by dimensionless numbers in common with

each case
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4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (23)
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Summary 
Water level at flow switching  

It was confirmed that flow rate was quickly switched at the 
expected water level
Variation of water level of flow-switching was limited to a 
sufficiently small range

1/2 scale tests

The effect of dissolved nitrogen gas (Fig. 4.2.4-9(1/2))
In the test with nitrogen-saturated water, the duration of large 
flow injection was only slightly longer
Water in the actual accumulator tank is not saturated with 
nitrogen, so it can be judged that dissolved nitrogen is not 
effective 

4. Confirmatory Testing Program for the ACC
4.2 Detailed Description of the Tests and Results (24)
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Dimensionless parameters
Navier-Stokes equation gives ;

• Reynolds number that evaluates the effect of fluid 
viscosity 

• Froude number that evaluates the effect of gravity to 
free surface

Cavitation gives ;
• Cavitation factor that determines the effect of 

generation of bubbles

Reynolds number and cavitation factor may 
affect flow rate characteristics of flow dampers

Froude number determines the time scale of 
transients of water levels in the accumulator tank 
and the standpipe

4. Confirmatory Testing Program for the ACC
4.3 Validity and Scalability of Flow Rate Characteristics (1)
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Reynolds numbers (Table 4.3-1)
Actual plant  : Re > 106

1/2-scale Model : Re > 106

1/5-scale Model : Re=  105  to 106

Reynolds numbers were calculated with respect to the 
condition at the throat

Cavitation factor
Cavitation factors are common for the actual plant and 
the scale models because of their similarity to each 
other

4. Confirmatory Testing Program for the ACC
4.3 Validity and Scalability of Flow Rate Characteristics (2)
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Scalability
Flow rate coefficients with respect to cavitation factors collapsed into two lines for 
large and small flow rates of both the 1/5- and 1/2-scale models separately
Hence, the effect of Reynolds numbers, or friction, are negligible
Consequently, the measured flow rate coefficient can be applicable to the actual 
plant as a function of a cavitation factor

0.01

0.1

1

10

0.1 1 10 100

Cavitation factor σv

Fl
ow

 ra
te

 c
oe

ffi
ci

en
t  

C
v

Case1

Case2

Case3

Case4

1/5 scale
model

Large Flow Rate

Small Flow Rate

1/5 and 1/2 scale tests

4. Confirmatory Testing Program for the ACC
4.3 Validity and Scalability of Flow Rate Characteristics (3)
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Validity of data for large flow 
injection

Flow rate coefficient lessens as cavitation
factor gets smaller
Flow rate coefficient approaches a constant 
value as cavitation factor gets larger

Validity of data for small flow 
injection

Flow rate coefficient is independent of 
cavitation factor

4. Confirmatory Testing Program for the ACC
4.3 Validity and Scalability of Flow Rate Characteristics (4)
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Experimental formulae were derived separately 
for large and small flow rate injections by curve 
fitting using the data of 1/2-scale tests

( )vv σ...C 52380exp6889077870 −−=

( )vvC σ818.6exp01904.007197.0 −−=
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5. Concept of the Safety Analysis Model
5.1 Characteristic Equations of Flow Rate for Safety Analysis
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Simulation Model
Resistance coefficient KD is calculated using the correlation 
of       with
Correlation is incorporated into the LOCA analysis code and  
KD is calculated at each time-step based on the ACC water 
level

Computational procedure for KD
1)  σv is calculated from the flow condition at flow damper

vσvC

( ) gHVPP

PPP
D

Dg

vatD
v

ρρ
σ

+−−

−+=

2

2

Velocity in injection pipe:VD

Water level in accumulator from injection pipe:H

Acceleration of gravity:g

Density of water:

Vapor pressure:Pv

Holding Gas pressure in accumulator:Pg

Flow damper outlet pressure:PD

Atmospheric pressure:Pat

Cavitation factor:vσ

ρ

5. Concept of the Safety Analysis Model
5.2 The ACC Simulation Method for Safety Analysis
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Computational procedure for KD (Cont.)
2)      is calculated using the following correlations :vC

( )vvC σ5238.0exp6889.07787.0 −−=For Large Flow-Rate:

For Small Flow-Rate: Cv = 0.07197 − 0.01904exp −6.818σ v( )
3)  is converted to KDvC

2/1 vD CK =

4) Total resistance coefficient is calculated by :

pipeDacc KKK +=

Kacc : Total resistance coefficient of accumulator and injection pipe

Kpipe : Total resistance coefficient of injection pipe

5. Concept of the Safety Analysis Model
5.3 The ACC Simulation Method for Safety Analysis
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For the US-APWR calculation, WCOBRA/TRAC 
with ASTRUM methodology, which was 
approved by the NRC, is used for the large 
break LOCA analysis

The empirical correlation discussed above is 
incorporated to WCOBRA/TRAC code to model 
the advanced accumulator characteristics

5. Concept of the Safety Analysis Model
5.4 The ACC Simulation Method for Safety Analysis
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3. Conclusions
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Conclusions (1)

The Advanced Accumulator design has been 
validated by the four different scale tests 

These tests and evaluations have demonstrated 
that the results of the ACC testing are scalable

The test data taken in these experiments covered 
the range of the expected applicability of the 
system installed in the US-APWR under design 
basis LOCA conditions
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The tests investigated the features of the ACC,  
and demonstrated expected performance of this 
system in accordance with its design 
requirement

Empirical formulae developed from these test 
results are applied for LOCA analysis of the US-
APWR

MHI submitted the topical report of the ACC in 
January 2007

MHI submitted the responses to the RAIs in July, 
2007 and September, 2008

Conclusions (2)


