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GE Nuclear Energy

Advisory Committee on Reactor Safeguards
Thermal Hydraulic Phenomena Subcommitiee Meeting

SBWR Design and Certification Program
Review of Test & Analysis Program

November 28-29, 1995
San Jose, CA

Meeting Objectives

¢ Update SBWR Program status.
~ Convey & sense of progress.
- Demonsirate that have positively sddressed issues.
* Progress toward clesure of scaling. Specifically, gain . . .
~  Agreement that test facilities sdequately represent the SEWR
-~ Acknowiedgment that test results appropriate for gualifying TRACG.
° Initiate discussion of test results.
- Early in evaluation process, formal documentation to follow.
- Provide perspective on scaling.
= Wiustrate SBWR system behavior.
* Respond to two specific ACRS concerns.
~  Reactor startup behavior.
- Chimney caiculational basis.



Meeting Agenda - November 28, 1995

0845 Weicome Quinn

0850  Introduction/Program Status Buchholz

0930  Test Program Overview Torbeck

1015  Break

1030  Scaling Evaluation Overview Moody
Closed Session

1115  PCC/SBWR System Response Shiratkar

1145  Lunch

1230  Scaling Formuiations/Application Yadigaroglu/

Gamble
1640  Panthers Test Data/Evaluation Billig/Fitch
1600  Recess

Meeting Agenda - November 29, 1995

0805  PANDA Test Results Yadigaroglu
1015  Break

1030  GIRAFFE Helium Test Results Herzog

1110 GIRAFFE SIT Test Results Duncan

1200  Lunch

1245  SBWR Startup Behavior Tang

1330  Chimney Calculation Basis Shiralkar

1415  GF Presentation Closure



GE Nuclear Energy

Advisory Committee on Reactor Safeguards
Thermal Hydraulic Phenomena Subcommittee Meeting

SBWR Design and Certification Program
Technology Phase Update

November 28, 1995
San Jose, CA

Technology Phase Overview - Testing

« Significant progress since last meeting.

* Testing being conducted at three facilities in three countries.
~ laly - PANTHERS PCCS and IC testing
- Japan - GIRAFFE helium and systems interactions testing
-~ Switzerland - PANDA steady state and transient integral
systems lesting

As testing is completed, emphasis shifts tc documentation
Maintaining coastant contact with NRC staff

Challenges being encountered. but resolving in a timely manner




Technaology Phase -- Key Milestones

¢ Giraffe
~ Perform shakedown/characterization testing . . . 19May$5 (complete)
~ Successtully complete NRC QA inspection . . . 14Jun85 (complete)
~ Perform single and mixed gas testing . . . 27Jun%5 (complete)
~ Perform tie-back tests . . . 16Aug%5 (complete)
~ Perform systems interaction testing . .. 310ct95 (complete)
* Panda
~ Perform facility shakedown tests . .. 28April95 (complete)
~ Perform steady state tests 51-56 . .. 10May95 (complete)
~ Perform steady state tests 57-55 . .. 18MayS5 (complete)
~ Perform steady state tests $10-13 . .. 4Aug95 (complets)
~ Perform 15t set of integral systems tests . . . 15Nov95 (complete)
~ Perform 2nd set of integral systems tests . . . in progress
~ Perform 3rd set of integral systems tests . .. 30Jan%

o

Technology Phase -- Key Milestones (cont'd)

* Panthers
- Perform PCC T/H tests . .. 200ec54 (compiete)
~ Perform IC facility shekedown tests . .. 27July95 (compleie)
~ Perform iC low pressure T/K tests . . . 4Aug95 (complete)
~ Perform IC high pressure T/H tests . . . 130c195 (complete)



Technology Phase Overview - Analysis

* Compieting blind pre-test predictions and transmitting to NRC
to support testing schedule.

¢ Thus far, results consistent with test predictions.

¢ Focus to shift to post-test evaluations to suppert issue of
Preliminary Validation Reports.

o Several significant documents submitted to NRC.

~ Revisions B and C to the TAPD, responded to Statf and ACRS
comments

~ Large supplement to TAPD containing detsiled PIRT information.

- Significant exp-onsion of Scaling Repert.

- Responded to m eting questions and RAis.

These actions taken to resolve NRC/ACRS stated concemns,
requests, and issues.

Technology Phase -- Key Milestones (cont'd)

* Analysis Related
~ Issue TAPD Revision B . .. 18Apr95 (compiete)
~ Issue TAPD Revision C & PIRT suppiemant . . . 30Aug35 (complete)
~ Isswe Scaling Report revision . . . 170ct95 (complete)
~ Perform PANTHERS PCC pie-test anslysis . . . 28Sept9d (complste)
~ Perform PANTHERS iC pre-test analysis . . . 5Jul95 (complete)
~ Perform GIRAFFE helium pre-test analysis . . . 21Aug95 (complete)
~ Perform CIRAFFE SIT pre-test analysis . .. 295ept95 (complete)
« Perform PANDA M-3 pre-test gnalysis . .. 21Aug95 (complete)
- Perform last PANDA transient pre-test analysis . .. 19Dec95
~ Issue TRACG Model Report update . . . 31Jan%

e



Summary

« Significant progress since last ACRS meeting.
- Testing programs on-going toward completion.
~ Meeting commitments in support of testing/analysis/issue
resolution
* Today's chailenges . ..
~ Competent, timely completion of testing and analysis activities.
~ Responsiveness, when faced with new technical issues/problems.
~ Maintaining support from the SEWR Team.
- Continue dialogue with NRC and ACRS in support of Technology
Phase completion.

Timely, quality execution is essential to

i
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GE Nuclear Energy

ACRS Thermal Hydraulic Subcommittee
Meeting

SBWR Test Program Overview

J.E. Torbeck
November 28, 1995
San Jose, California



PANTHERS Testing

Purpose
° Demonstrate PCC & IC heat exchanger performance

Description

® Full scale PCC and IC heat exchanger tests
e Performed by ENEA/ENEL/Ansaldo/SIET in Italy

Status

e PCC testing and reporting completed
e IC thermal hydraulic performance testing complete
e |C structural tests in progress

JET2



PANTHERS Testing (cont'd)

PCC Results

e PCC meets design objectives

— Condenses 10 MW of steam at design conditions

— Condenses with significant fraction of non-condensable
gases present

— Venting of non-condensable gases demonstrated
® PCC thermal-hydraulic performance is well behaved

 Difference between performance with lighter-than-steam and
heavier-than-steam gases established

IC Results

* Steady State performance tests preliminary results show it
nleets specifications.




PANDA Testing

Purpose

* Demonstrate containment systems thermal-hydraulic
performance

Description

¢ 1/25 volumetric scale, full-height facility
e Performed by Paul Scherrer Institut - Switzerland

JET 4



PANDA Testing (cont’d)

Status

* 10 Steady-state PCC performance tests complete
- Atscaled conditions correspending to PANTHERS tests

* Facility characterization testing complete
— Heat Loss Tests
— Line Flow Loss Tests
e Transient integral systems tests initiated in October
* S5transient tests complete (about half of planned tests)

JET 5




PANDA Testing (cont'd)

Key Results

» Steady state PCC performance test data trends are
consistent with PANTHERS

 Transient results show drywell and wetwell pressure
response consistent with expectations

e Data on noncondensible gas concentrations obtained in
drywell and wetwell with oxygen sensors

Remaining actions
* Proceed with transient integral systems tests

JET &




GIRAFFE/Helium Testing

Purpose

* Demonstrate containment system thermal-hydraulic
performance in the presence of lighter-than-steam non-
condensable gas (Four H-Series Tests)

* Repeat earlier GIRAFFE tests performed without NQA-1
Quality Assurance (Two T-Series Tests)

Description

* 1/400 volumetric scale, full height facility
* Perfermed by Toshiba Corp. - Japan

Status
* b transient tests completed in August

JET 7



GIRAFFE/Helium Testing (cont'd)

Test Results

* Tests show drywell and wetwell pressure response
consistent with expectations

 Tests demonstrated the purging of non-condensable gases
from the drywell and PCC to the suppression pool

* The PCCS maintains containment pressure well below design
pressure for all tests, with drywell non-condensable gas
concentrations as high as 27% by volume.

— with helium, nitrogen or mixtures of helium and nitrogen.

e Direct sampling and measurement of gases provide further
data on the movement of non-condensable gases

JET S



GIRAFFE/SIT Testing

Purpose
* Provide data for GDCS period of LOCA

* Focus on RPV water level and potential systems interactions
(IC, PCCS)

Description

* 1/400 volumetric scale, full height facility
* Performed by i _shiba Corp. - Japan

Status
® {tests completed in October

JET S



GIRAFFE/SIT Testing (cont’d)

Results

* Tests show RPV level response consistent with
expectations

® IC, PCCS have favorable effect on containment pressure
e |C, PCCS have no adverse interaction on GDCS
e |C has no adverse interaction on RPV level recovery

JET 10



Summary

 Testing in progress or completed for all test programs
e [arge data base obtained
* No significant surprises

* International Partners’ cooperation has been a key factor in
progress

Tests are demonstrating
significant margins in SBWR
design

JET 11



@ GE Nuclear Energy

Scaling of the SBWR Related Tests

Scaling Team: Robert Gambie Andy Hunsbedt
Fred Moody Maureen Parker
George Yadigarogiv

Presented By Fred Moody

ACRS Meeting
November 28, 1995

SCALING OF THE SBWR RELATED TESTS

® ACRS/NRC ISSUES ADDRESSED IN SCALING REPORT
« Considerable expansion of earlier Scaling Report (Rev. ()
* Discussion of “Global System Scaling” added
© Initial conditions and reference vaiues addressec
o GIRAFFE/Melium and SIT tests inciuded
* Manometric oscillations between large water volumes analyzed
« Sections from TAPD integrated into Scaling Report



COMPARISON OF REV. 0 AND REV. 1 OF SCALING REPORT

® The basic approach and results are the same (except for minor
corrections)
® Top-down Scaling

« Definition of atternate [1 numbers in the momentum equation that make
effect of piping inertia evident

o Use of (h,,- h) in energy equation instead of (h,, - e)
o Consideration of scaling for constituent mass fractions
® Major Additions
o Inclusion of PIRT for LOCAECCS Phenomena
* Consideration and scalin gof the important RPV phenomena
o Generic dynamic model of the entire system

* Use of this mode! to derive sets of “giobal” system descriptions for
particular phases of the bansients considered

COMPARISON OF REV. 0 AND REV. 1 OF SCALING REPORT

¢ Application of the methedology fto the various facilities (previousy
contained in TAPD)

~ lgentfies important system parameters regarding top-dowr scaling

- ldentifies any distortions of the parameters (which can be "weighted' by
thewr importance

@ Bottom-up Scaling
« Additional considerations
~ Natural circulation in SC air space
~  Stratification and mixing in DW
-~ Expanded discussion on heat transfer from the condensers
- Analysis of oscillations between (arge liquid pools
= voig distnbution in the RPV




PRESENTATION OUTLINE

® Overview and consistency with H2TS methodology - Fred Moody
® Analytical basis for top-down and bottom-up scaling - George
Yadigarogiu

@ Comparison of SBWR and Test Facility scaling groups and scaling
conclusions for each facility - Robert Gamble

OVERVIEW AND CONSISTENCY WITH THE H2TS METHODOLOGY

@ APPLICATICN OF THE H2TS METHODOLOGY TO SBWR SAFETY
SYSTEMS MAKES IT POSSIBLE TO:

o Show how well various experiments represent behavior of SBWR
systems

* Determine if experimental data s sufficientty representative for
validation of TRACG code phenomenoiogical modeis



LOCA ACCIDENTS

® MAIN STEAM LINE
©® GRAVITY DRIVEN COOLING SYSTEM LINE
o BOTTOM DRAIN

- e

SBWR SAFETY SYSTEMS

® GRAVITY DRIVEN COOLING SYSTEM (GDCS)
® [SOLATION CONDENSER SYSTEM (ICS)
® PASSIVE CONTAINMENT COOLING SYSTEM (PCCS)



IMPORTANT PHENOMENA

® SYSTEM PRESSURE RATES
* REACTOR PRESSURE VESSEL
* DRYWELL
o WETWELL
® MASS AND ENERGY FLOW RATES
o REACTOR VESSEL BLOWDOWN
* VENTS
+ VACUUM BREAKERS
+ [SOLATION CONDENSER
o PASSIVE CONTAINMENT COOLING HEAT EXCHANGER
o GRAVITY DRIVEN COOLING SYSTEM

TEST FACILITIES

® GIST

® GIRAFFE
® PANDA

® PANTHERS



H2TS METHODOLOGY AND PIRT

® INITIAL PIRT

o Initial PIRT for the SBWR includes phenomena based on current
understanding, judgement and axperience

« Highly ranked PIRT parameters are usefui in guiding the design and
scaling of test facilities

« Various PIRT phenomena are associated with nondimensional groups
obtained from top-down or bottom-up scaling

« All highly ranked PIRT quantities are addressed by top-down or boftom-
up scaling laws

H2TS METHODOLOGY AND PIRT (Cont'd)

® HITS ANALYSIS
+ Top-down scaling analysis is performed af th » system leve/ (e.g., RPV,
Dw, ww)

« Top-down scaling in combination with PIRT identifies important
processes for boftom-up scaling analysis

« Characteristic time ratios help to distinguish between dominant and
negligible parameters in a PIRT associated with various processes

® Top-Down scaling is addressed in Chapter 2
& Bottom-Up scaling is addressed in Chapter 3
@ Time scales are addressed in Chapter 2



CONCLUSIONS

® THE EXPERIMENTS DESCRIBED, THOUGH NOT PERFECTLY
SCALED FOR ALL PHENOMENA, PROVIDE RESULTS WHICH ARE
REPRESENTATIVE OF SBWR BEHAVIOR OF SAFETY SYSTEMS
THROUGHOUT ALL LOCA PHASES

© DOMINANT PHENOMENA ARE PRESERVED

© NONREPRESENTATIVE PHENOMENA ARE NOT INTRODUCED IN
THE TESTS

©® EXPERIMENTAL RESULTS ARE SUFFICIENTLY REPRESENTATIVE
FOR TRACG CODE MODEL VALIDATION




GE Nuclear Energy

ACRS Thermal Hydraulics Subcommittee Meeting

SBWR Containment LOCA Overview

B. S. Shiralkar

November 28, 1995



W0«
NOISS Jaddans

s

0000 N d&f

0s

i

S0S

iy

100
NOISS Jedan§

0091
.,

28
o

-

S

W”%”M carie

~=QENQ.=N.E m juswuieluol) HM8Es



Break Scenarios

® Break scenarios generally similar
— Scram, isolation on high drywell pressure
— ADS (SRVs + DPVs) on low reactor vessel downcomer level
Depressurizes vessel for liquid line breaks and small breaks
® Large Steam Line Break
— Leads to highest containment pressure
— Break in upper drywell (UDW)
— Noncondensibles purged rapidly from UDW via main vents
— Noncondensibles from lower drywell (LDW) enter UDW as p:essure drops
— Main vents closed post 1 hour
— Decay heat removal through PCCs
® large GOCS Line Break
— Liquid line break in drywell annulus
— Noncondensibles purged rapidly from UDW via main vents
— Water from GDCS pool with broken GDCS line spills into drywell
Steam condensation leads to vacuum breaker openings in first 1.5 hours
— Longer term behavior similar to steam line break



Break Scenarios (contd.)

® Bottom Drain Line Break

— Liquid break in LDW

— LDW noncondensibles purged earlier to UDW

— Milder transient than larne steam line break
® Small Break Inside Containment

— Only top horizontal vent and PCC vents clear

— Energy deposition near top of suppression pool

— ADS on pool temperature

— 2.5% steam line break worst in small break spectrum for peak pressure
® Small Break outside Containment

— Break isolated quickly

— SRV discharge to suppression pool

— ADS on low water level;

Discharge flow similar to inside containment breaks
— Not a limiting break



Break Scenarios (contd.)

® Conclusions
— Long term response similar for all breaks

— ~ 85% of pressure rise due to transfer of noncondensibles to wetwell vapor
space

~ ~ 15% due to energy deposition in the suppression pool (horizontal vent
clearing) in the first hour

— Pressure rise augmentation by bypass of uncondensed steam through PCCs
Need to assure this is small



PCC "System Response” Characteristics

L

|

Dryweli PCC )
Pressure Pressure 1
+ 3 L PCC Heat
z
Removal
+ I
Wetwell _ > 3 PCC
Press + Submj N/C




PCC “System Response” Characteristics

® PCCS tends to maintain a balance between heat removal and decay heat
— PCCs have excess heat removal capability under pure steam conditions
— Feedbacks on noncendensible holdup and drywell pressure stabilize response
Reduction in heat removal increases PCC pressure
Noncondensibles are pushed out through vent
AT for heat transfer increases
Heat removal increases
Blanketing by noncondensibles reduces heat removal
Drywell pressure increases
Helps to purge noncondensibles to wetwell

— Normally enough noncondensibles remain in drywell to reduce PCC heat
removal to match decay heat

PCC volume is 0.16% of drywell volume

— Noncondensible accumulation may occur preferentially in one of the PCC units,
but overall heat removal matches decay heat



Conclusions

® Long term pressure response is insensitive to break location
® PCCs have excess capacity
® Tests being performed in PANDA to cover various scenarios
— Should verify insensitivity to n/c transients and robustness of design
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@ GE Nuclear Energy

Analytical Basis for Top-down and Bottom-up
Scaling

Scaling Team: Robert Gambie Andy Hunsbedt
Fred Moody Maureen Parker
George Yadigaroglu

Presented By: George Yadigaroglu

ACRS Meeting
San Jose, CA
November 28, 1995



Outline

Top Down Approach (recall)

« Phenomena of processes considered —® set of governing equations
General Approach/two parallel procedures:

« Obtain general scaling criteria (ideally scaled facilities)

« Identify/quantify distortions in real test facilities

Global “Generic” Model of the SBWR System —»  asetof
governing equations

Generic model is specialized for cases considered
example: Blowdown Phase

flow path eqs in n/d matrix form

Examine/compare Il numbers and local factors to identify/quanitfy
importance of distortions



Top-Down Approach: Phenomena and Processes Considered

Thermodynamic state evolution of containment volumes with mass
and energy additions —® generic continuity, energy and pressurization rate equations

Phase changes at interfaces—® defines enthalpy scaie

Transfers of mass between volumes driven by pressure differences——@» generic junction flow rate
equation

(a)
0
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| Mg lnv
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| 13 | -
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Thermodynamic Evolution of Containment Volumes with Mass
and Energy Additions - 1

Q
:—'-“-'-——____——"‘_—u
Vv |
| v Y) |
| |
ho,i | M |
| v N |
Wi : |
| E P :
Yi.ji % '
. -+
| e
| Mg i
FRTLIRETRE L - Rk Ty ST J

e: -!N? :c(l’,v.),)

A containment volume receiving mass flow rates W, with
corresponding total enthalpies h ,,, and heat at rate Q

REG 1WVanes 3



Thermodynamic Evolution of Containment Volumes with Mass

and Energy Additions - cont’'d - 2

» Mass conservation for constituent j: —1-3w,;=0

» Energy Conservation: %‘5 = —p%}’ +Q+ Y Wh,,

 Obtain now dp/dt: d‘ =i {2[ (h—h)]+2w_ | “E('Vz[‘%}}

Short-hand notations for thermodynamic properties of the mixture:

de 4 1 de - " :
P*=P+— f,=~ (nondimenstonal systemcompliance)
ovl, vaP|
| de ' " :
£, == d—y‘ (units of energy per unit volume)
v
e v

y; constant means all y, are held constant, and
y constant means all y, except the one in the derivative are held constant

REG 1128054



Thermodynamic Evolution of Containment Volumes with Mass
and Energy Addition - Cont’d - 3

Alternative sets:
M ®
dt dt
or
dM

—4 and the energy equation rewritten as:

de dv ’
M Tt O I T

enthalpy differences appear in these equations

REG 12898 5



Case of Vessels Containing Only Steam and Water (e.g. RPV)

 The constituent mass fraction y; is replaced by the vessei-average
vapor volume fraction o

» Combining the continuity and energy equations for the vapor phase:

h,, ~h )W, |
P .d_(}_ - _l_ Z\v + §( ) ') + 9_ + _v. d_p
o ol h,V h,V h, dt
where
vy = 1-(l-m) p'h' - aph, - ahp,

where the : = ;’_;l are thermodynamic properties

REG 128956
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Transfers of Mass Beiween Volumes Driven by
Pressure Differences - cont'd -2

Generic 1-D momentum equation for path m:

wr.’

LYy dW { F )
= = - AP +pgl_-pgH || —=
( a J’ d‘ " l’)mg ™m pl g m \aj 3 ’.pm

where,

are geometric parameters describing path m.

REG 11280958



Summary of System Equations

« For Volumes

« total mass vy Zw, iy
M,

« conservation of constituentj '~ LW, =0

d
. energy Vp—£:—P———+()+Z(h ~hW, +—zw

dp
* rate of P change - [W(h h)]*ZW— Q- "’“—'VL[ " 5‘“}}
Db, ~h)W,,
* vapor volume fraction , % _' YW, diedl, o Lo
T i Vh,, Vb, &
« For Flow Paths

L) dw 1 F\W

* momentum (;)7{*“’“5(;’:)7“’8"

REG 1vaAss S



General Scaling Approach - 1

» Two Paralle! Procedures

a) obtain general scaling criteria
(for ideal case of perfectly scaled facilities)

b) detect the scaling distortions and evaluate their importance
(for the actual test facilities)
» For a): A minimai set of unique (global) reference scales is used:

{i'} - lv'VanQ,‘P,‘AP,.Ah,

non-dimensional variable:

Z
Z

e For b): the minimal set {z,} is:

» supplemented by additional specific reference scales:
M,.AM,.P, Ae f, .1, .. P eic

* Jocal factors or |1 numbers are introduced

REG 1172885 10



General Scaling Approach - cont’d -2

To make ail non-dimensional groups of 0(1) and measure the scaling

distortions:

b1) local scales z , , or local I1 numbers 1, are introduced:
« global scale z, (typically the most important value of z)

w

no

’

wl.o —-—’

s WY o

wf

* iocaiiy sc2led variable,

sodn
Zno

n

 local normalizing factor or weight,

REG 12885 11



General Scaling Approach - cont’d -3

b2) local IT values are defined, e.g., in energy equations:

m =2 - nn
M, Ae,

Q

' “‘ |[M| 'I
u*lp,v. ) L am, J

o PAV. _ 1 (» M.](P-AV
1 M'M' n” qu Ml, \ M'
t, W, Ah \ W | | B0
P T b e LIS § - } Ah']{ ][ ) = T, W AN
M'I\_._ M, J Ac, { wv '
Lp.W
n bRV _ Mfp QQ’_.) ﬁ"_-} = MW
M, Aep M, \4p, )\ M, | Ae,
/ Ah
« where W' =-*andah =0

are local normalizing factors

» i refers to a particular flow path

» The local reference scales for a particular system component
can typically be chosen as the initial boundary values of the
variable in question for the particular component considered.

REG 11/28/95- 17



General Scaling Approach - cont’d -4

Identification of scaling distortions

Usually, one can define a variable that is of greatest importance for a particular
test (e.g., the RPV water level or DW pressure)

Examination of the n/d governing equation can show which term(s) dominate the
behavior of this most important test variabie(s) and identify the corresponding
pairs of Il number(s) that should be matched.

The governing equation may, however, contain many terms containing the same
type of I1 number. The relative magnitude of these terms will show which system
components should be scaled most carefulily.

Procedure:

By proper choice of scales, all the n/d variables (including the derivatives of
variables) appearing in the n/d governing equations are made of 0 (1).

The dominant terms in the governing equations are identified by comparing the
relative magnitude of the |1 numbers appearing in front of the n/d variables.

Giobal system reference scales making the most important and dominant [1]
number(s) also of 0(1) are used: these define global Il numbers for the
particular process considered.

This procedure brings local normalizing factors (or weights, muitiplying the n/d
term and the corresponding global I1 number into the equation.

The local normalizing factors will typically be the ratios of the iocal reference
scales for a particular system component to the global reference scales.




Derivation of General Scaling Criteria - 1

e DOefinition of the minimal set of reference scales {z,}

For time, t,

For volume: V,

For mass flow rates: W,

For heat addition: d,

For densities: p,

For pressure, a reference pressure difference: AP,

For constituent j fraction: y;,

For properties involving vapor mass fraction: vy,

For enthalpies and internal energies, a reference specific
enthalpy difference: Ah,

l.

]

Z
Il

REG 11268095 14



Comparison of Time Scales

« Five time scales produced: 1,1, ,, ty ,» tin ,@aNd L, ,

« The systems considered here are made of large volumes connected by pipes of
much lesser volumetric capacity.

e Ap’s are not dominated by irertial effects
(x‘- ): O(tn.v )>) (K‘-.' ): O(‘Il.v )z (Ktﬂnh.r )

—»> the time behavior of the system will be controlled by the pressurization rates.

« Numerical values of these different time scales are reported later.

REG 1 V9523



Global "Generic" Model of the SBWR System

@ Obtained by applying the general conservation eqs derivod for the containment
volumes and flow paths to the actual SBWR and test facility components:

& asei of governing eqs
@ Certain non-limiting simplifications can be made to arrive at a tractable mode/

® The result is a set of ODEs for dW/dt, dM/dt, dp/dt, d-alpha/dt , dH/dt in terms of the
various flow path and volume W, p, L, h, etc.

e 11 path flow rates:
- governed by 11 flow path momentum eqs

¢ 5 volume gas phase pressures:
- 3dp/dt egs + 2 PCC and IC mass balances
¢ Jvolume masses:

- 3 mass balances
¢ 2 liquid inventories (RPV and WW):
—  d-alpha/dt eq for RPV and energy balance for WW

¢  2liquid level differences:
- GDCS and SP liquid mass balances

REG 11269525



Global Specific Models of the SBWR System

@ The particular behavior of the system during certain scenaria or
phases of a scenario can be investigated using subsets of the
“generic” model eqs (the eqs for "active” paths only)

® The flow-path eqs can be written in matrix form to show:

¢ interactions between the flow paths

« the relative importance of certain flow paths

® Example: Model for Blowdown Phase:
o the system is described as 4 "loops”



Nondimensionalization of the Globa Momentum Eqn Set - cont'd - 3

@ Unique I'T numbers (defined using the unique global scales) multiply
the terms of the matrix

® Inside the matrix one finds the local normalizing factors or scales
multiplying the nondimensional variables (of O(1))

® When scaling comparisons (SBWR-test facility) are made, the
relative magnitude of the local scales is a measure of the importance
of any distortion (the difference in the local values between
prototype and model)



Summary

® A set of general scaling laws was derived
shows validity of scaling followed for SBWR tests

@ A globai mode! of the system was used to write the eqs in a matrix
form showing system interactions

® The nondimensionalization of the “matrix eqs” provided information
on

o The relative importance of phenomena

o the importance of any scaling distortions

@ Several bottom-up scalng issues were identified and addressed
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Outline

@ Basics of Application Method

® Example of Scaling of Pressure Rate Equation
® SBWR Resuits

® Scaling of Facilities
o GIRAFFE/SIT (Details)
¢ ¢ ."AFFE/He (Summary)
¢ PANDA (Summary)
o GiST(Summary)
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Selection of Reference Values

® Pressures, temperatures and mass fractions taken from test initial
conditions

® Flows calculated using choked or unchoked flow formulations

® Reference flow, pressure and time changes selected to maintain
variables and their derivatives of order one

® No code calculations used other than for test initial conditions

¢ Tests cover range of initial conditions

REG 11280953



Evaluation Points

Scaling was applied at discrete points in time representing the different
phases of a LOCA and key transition points

Point 1 corresponds to late blowdown where the transient was picked up in
the GIST and GIRAFFE/SIT tests

Po;‘fvt 2 corresponds to the beginning of GDCS initiation when Prpv-Pdw =
Pg

Point 3 represents quasi-steady period when GDCS is flowing into RPV
Point 4 represents quasi-steady period when PCCS is removing decay heat

Pressure rate and VW fraction equations were evaluated for the primary
regions - RPV, DW,

Evaluations were done at points of interest as shown in the Table

The breaks selected for evaluation were based on the tests for that phase
® GDCSL break for late blowdown and GDCS phases
¢ MSL break for PCCS phase



Example of Application of Pressure Rate Eq.-
GDCS Initiation for RPV



Pressure Rate Ex. (cont’d) - System Diagram

——
| W
IC €
bR g
e g y -
<j = Vi WADS bR g
PR
Wi hg s
—3-»
- —_—l— *— W g.hg
WBR-NBR
L?-_-——‘_
T -
core
\
hR f Qr
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Pressure Rate Ex. (Cont’d) - Numerical Evaluation

@ The reference conditions are based on simple extrapolation of the
GIRAFFE/SIT and GIST test initial conditions because the evaluation
point is not at a test initial condition

¢ Pressure

- DW pressure is based on the expected long-term pressure for the
SBWR containment.

- RPV pressure is the DW pressure plus the hydrostatic head of the
GDCS (the point at which flow would begin)

¢ Temperatures are based on saturated conditions

o Mass fraction are based on simple hand calculations starting from the
GIRAFFE/SIT test initial conditions

& Flow rates are the quasi-steady values (no inertia effects) calculated
using choked and unchoked flow equations with the given pressures
and line characteristics

® Global 7'l-groups are not presented. instead the local /1-groups are
given. The global I'l-groups can be taken as either the largest iocal
[I-group or the summation of all local /7-groups of a given type.



Pressure Rate Ex. (Cont'd) - Evaluation of Results

® Results are first considered for the SBWR alone to determine which
parameters are important to the SBWR behavior

@ By doing this the importance of distortions found in the test facilities
can be evaluated

@ Later, the scaling groups for the test facilities are compared with
those of the SBWR and conclusions are drawn as to the
acceptability of the test facilities for the intended purpose



Pressure Rate Ex. (Cont’d) - Numerical Results for SBWR

@ Time constant is selected to normalize the dominant parameter of
ADS enthalpy flow, I1_wh(ADS) thus making the nondimensional

pressure rate 0(1)

® Even at this late stage of blowdown, ADS flow is the dominant
contributor to depressurization and RPV averaged void generation

® Enthalpy associated with inlet and outlet flows are more important
than the mechanical work associated with those flows

@ The IC and decay heat have only a small effect on pressurization and
void generation in the RPV

REG 112619514



Overall Application to SBWR and Test Facilities

@ The process use in the example is repeated for the pressure rate,
vapor mass fracuon and global momentum equation at different
phases of the SBWR LOCA as shown in Table 4.1-1 and Figure 4.1-1

of the report

® The tables showing the numerical results are given in chapter 4
(Tables 4.1-3 through 4.1-25)

® The results of these evaluations are summarized next

REG 11728/95 16



Scaling Results for SBWR - PCCS Phase (Point 4)

@ RPV and DW pressure rate
¢ Decay heat is balanced by PCC heat removal
— PCC heat removal depends on n/c fraction in DW

¢ All other processes are subordinate in determining pressure rate

® /mportant processes to long-term pressure are:

¢ PCC heat removal
¢ Volume of DW relative to WW
¢ Submergence of Vents

+ Integrated energy deposition in SP

REG 11728095 21
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Manometric Oscillations Between Water Volumes (Cont'd)

® RPV/GDCS Pool Level Movement Cases Considered
¢ Free Level Movements with Step Change in RPV Pressure

- ken 22 amplitude equal to 0.75m head
- Cons’ - ed for 1 and 3 GDCS lines

+ Forced Harmonic (Sinusoidal) Level Movements

- Reference amplitude/forcing function cycle time (0.75m head/500s)
— Considerea for 3 lines only

¢ Parametric Evaluation of Uncertainties
® RPV/SP Pool Level Movement Cases Considered

+ Free level movements with step change in RPV Pressures
— Reference amplitude (0.75m head)
~ Considered for 3 lines only

¢ Forced Harmonic Level Movement
~ Reference amplitude/forcing function (0.75m head/500s)
~ Considered for 3 lines only

REG 1172895 24



Manometric Oscillations Between Water Volumes (Cont’d)

® CONCLUSIONS

*

*

The systems considered are significantly overdamped and stable for input
pressure differences greater than about 0.5m head equivalent

The systems become more stable for higher inputs or if the system is flowing

o Small pressure difference changes of less than 0.3m head equivalent may result

in small amplitude, low frequency level oscillations.

The relatively small diameter connecting drain lines act to decouple the liquid
masses and to damp-out free oscillations.

Izﬂlggu;'al cycle times for these systems are relatively long (Ranged from 91s to
S

The liquid level amplitude resuiting from a harmonic forcing function input is
fower than that of the step forcing function

For input magnitudes greater than 0.3m head, the magnification factor is less
than unity even with a forcing function input frequency equal to that of the
system’s natural frequency (i.e., at resonance)

RPYV liquid level rate of change is very slow (~0.005m/s maximum) for 0.75m head
pressure change

The only nondimensional group governing the level movements is the average
damping ratio for the connecting line and this ratio should be greater than one
(1) for stability.
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General Facility Scaling

@ All facilities nominally scaled according to “General Scaling Criteria”
¢ Full-vertical-scale
¢ Flow area/Heat transfer area/Mass/Power/Flow scaled to system scale
+ Prototypical fluids

« Prototypical initial conditions



Comparison of Facility Non-Dim>onsional I'1 groups with SBWR

® RPV - Late Blowdown
+ Top-down parameters scaled very ciose to SBWR values in RPV

¢ Blowdown time constant longer in GIRAFFE due to increased volume
and mass scale in RPV

® DW - Late Blowdown

& Dominant parameters are mechanical work of DPV and Main Vent flow
and movement of noncondensibles

e Main vent greatly oversized so it can remove any energy additions to
DW; thus, DW pressure controlled by main vent submergence

¢ Reference values used
— Time constant taken from RPV blowdown
~ Reference pressure change taken from observed results

— Use of “forced” reference values results in ITs greater than 1 (dp/dt > 1)

REG 11289533



Comparison of Facility Non-Dimensional I'1 groups with SBWR

® WW - Late Blowdown

L 4

Pressurization dominated by enthalpy flow from main ventand to a
lesser degree movement of noncondensibles

Enthalpy flow in the main vent is based on full uncovery of the top
horizontal vent

— Distortion represents differences in maximum flow capability

— Actual flow will be driven by need for DW to remove steam and
noncondensibles

DW to WW velume ratio different in GIRAFFE so some distortion in
noncondensible effects

Focus of GIRAFFE/SIT test is on RPV

- WW parameters scaled adequately for this purpose

REG 11289095 34



Scaling Summary for PANDA

@ Paremeters important to facility behavior scaled adequately

o Alirelevant systems present
¢ Line flow resistances scaled adequately

e Allimportant top-down phenomena retained

® Facility scaled adequately for intended purpose

REG 112895 40



CONCLUSIONS

® THE EXPERIMENTS DESCRIBED, THOUGH NOT PERFECTLY
SCALED FOR ALL PHENOMENA, PROVIDE RESULTS WHICH ARE
REPRESENTATIVE OF SBWR BEHAVIOR OF SAFETY SYSTEMS
THROUGHOUT ALL LOCA PHASES

@ DOMINANT PHENOMENA ARE PRESERVED

© NONREPRESENTATIVE PHENOMENA ARE NOT INTRODUCED IN
THE TESTS

® EXPERIMENTAL RESULTS ARE SUFFICIENTLY REPRESENTATIVE
FOR TRACG CODE MODEL VALIDATION
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Outline

e PANTHERS/PCC Testing; P.F. Billig

— Objectives and Test Matrix
— Test Results
e Steady-State Tests
e Transient Tests
—~ Water Level
— Non-condensable Gas Buildup
— Applicability of PANTHERS/PCC to SBWR

e PANTHERS/PCC Analyses; J. R. Fitch

— Inside/outside Heat Transfer Coefficients

PANTHERS-PCC s



S o T S SR i A b g i

Objectives and Matrix

e Thermal-hydraulic performance of prototypical condenser

~ Demonstrate Prototype PCC meets design requirements for heat rejection
(Component Performance)

~ Provide sufficient data base for TRACG analyses (Separate Effects)

— Determine and evaluate differences in the effects of non-condensable gas
buildup in PCC between lighter-than-steam and heavier-than-steam gases
(Concept Demonstration)

e Component test - Not system test
— Fixed boundary conditions used to study condenser performance
—~ PANDA and GIRAFFE study system performance and interactions

e Test Matrix

— Presented in TAPD (NEDO-32391, Rev. C), Tables A.3-2a-d and A.3-25, and
T/H Data Report (SIET 00393RP95, Rev. 0)

e 97 sieady-state tests
e 11 transient tests

PANTHERS-PCC Rl



NEDQO-32391, Revision C

SUPRLY VENT TANK
144md

Figure A.3-2 PANTHERS/PCC Test Facilily Schematic




Test Results (Steady-state tests)

* iabulated in T/H Data Report (SIET document 00393 RP 95
Tables7.1-7.6

e Shown in Data Analysis Report (SIET dozument 00394 RA 95)
Figures 3.1- 3.15

e Saturated and Superheated Steam Tests
~ Demonstrate that required steam is condensed at required conditions
~ Test procedure
* Purge air from system with steam through vent tank vent
* Close vent tank vernt - condensation driven mode
® Bring pool to saturation
* Increase steam flow to required flowrate and measure pressure
* Time average data over 15 minutes

PANTHERS-PCC A2



Test Results (Steady-state tests, continued)

e Saturated Steam Test Results

~ Performance is steady and well behaved
* Pressure holds constant
* Heat removal vs. inlet pressure is linear

— Intercept (710 condensation) corresponds to inlet conditions same
as saturated conditions in pool

— Condenser meets design requirement
* Removes 10 MW of energy at 308 kPa

e Superheated Steam Test Results
— Results similar to saturated tests
— Except at high flow, steam desuperheats in inlet riser and upper header

PANTHERS-PCC N



Test Results (Steady-state tests, coniinued)

e Saturated and Superheated Steamy/air Tests

— Provides broad database to characterize PCC at various steam/air mixtures
— Range of test conditions above SBWR containment pressures

» Tests up to 790 kPa

* SBWR containment pressure is around 330 kPa during LOCA
— Tests for same steam flow and gas fraction at various inlet pressures
— Test procedure

® Purge air from system with steam through vent tank vent

* Bring pool to saturation

* Increase steam flow and initiate air flow to required flowrates

e Set iniet pressure with vent tank vent valve

— pressure drop driven flow
e Timc average data over 15 minutes

PANTHERS-PCC -



Test Results (Steady-state tests, continued)

e Saturated Steamy/air Test Results

— Smooth transition to complete condensation at high pressures
* Heat rejection rate tends to asymptote at higher pressures
* Limit = energy to condense steam and subcool io pool temperature
* Heat transfer declines in lower tube region
- Increase in air concentration => decrease in condensation
~ Tests demonstrate that large fraction of steam can be condensed in
presence of non-condensable gases

e Superheated Steamy/air Test Results

— Results similar to saturated tests
— More than 507 vf superheat lost in inlet riser in PCC pool

PANTHERS-PCC St



Test Results (Transient tests)

e Shown in T/H Data Report (Figures 7.2 - 7.16) and Data
Analysis Report (Figures 3.16 - 3.37)

» Water Leve!
— Demonstrates change in condenser performance versus pool water level
— Test procedure
e Establish steady-state performance
— Steam or steam/air flows fixed
— Steam/air test: Lock vent tank flow area
* Lower water level and measure change in system pressure
~ Decreased pressure means improved performance
— Increased pressure means degraded performance
e Stop at PCC design pressure and refill pool

PANTHERS-PCC AR



Test Restilts (Transient tests, continued)

o Water Level (continued)
— Performance improves slightly as level lowers to top of tubes
* less head => reduced pool saturation temperature
* Range of water level for DBA LOCA
— SBWR water sufficient to keep tubes covered around 72 hours
—~ Performance degrades as tubes uncover

e [ess heat transfer surface => higher pressure needed to maintain
condensation

e Beyond design basis conditions

—~ Demonstrates margin in system design and operator response
time

PANTHERS-PCC -



Test Results (Transient tests, continued)

* Non-condensable Gas Buildup (Air, Helium, & Air/Helium)

~ Determine and evaluate differences in the effects of non-condensable gas
buildup in PCC between lighter-than-steam and heavier-than-steam gases

— Test procedure
e Start with vent pipe flanged off and specified steam flow
— condensation induced flow
* Slowly inject measured amount of gases
® Pressure rises as gas accumulates in PCC and vent line

e Airinjection Test Results
— Gas builds up in vent line, lower header, and lower tube region
— Temperatures in lower regions approach pool temperatures
~ Eventually all condensation occurs in top of tubes
— Confirms expected stratification of gases in PCC

PANTHERS-PCC A



Test Results (Transient tests, continued)

e Helium Injection Tests

—~ Performance differs frem air tests
* Helium remains in PCC unlike air tests
* Buoyancy prevents stratification in lower regions
~ Temperatures in various regions indicate wide dispersal of helium

* Somewhat greater condensation occurs in lower than upper tube
regions

* Nonsymmetric temperature distribution within headers and between
headers

~ Significantly less gas than air tests needed to degrade condenser
performance

* No large accumulation in vent line and lower headers
¢ Higher accumulation within tubes

PANTHERS-PCC ' el



Test Results (Transient tests, continued)

e Air/helium Injection Tests

— Performance more similar to helium tests
* (Gases remain in PCC
- Temperatures in various regions indicate wide dispersal of helium

¢ Nonsymmetric temperature distribution within headers and between
headers

~ Condensation in tubes vary among tubes
— Less gas than air tests needed to degrade condenser performance
® Similar to helium tests
* Some accumulation in vent line and headers
— Overall condenser performance is steady
* No pressure oscillations seen
* Insensitive to tube-to-tube performance variations
- Similar PCC performance seen during GIRAFFE-Helium tests

PANTHERS-PCC S5



Test Results - Coniclusions

e PANTHERS/PCC achieved thermal-hydraulic test objectives

— PCC condenses steam at design conditions
— PCC able to vent non-condensable gases
—~ PCC performance is well behaved

e large database available for TRACG code qualification

— Steady-state tests at broad range of steam and air flows, and pressures
— Transient performance at various pool water levels
— Transient performance with gas buildup

e Difference between performance with lighter-than-steam

and heavier-than-steam gases established

— Heavier-than-steam gases stratify to lower regions of PCC

— For lighter-than-steam gas, buoyancy overcomes downward flow under
condensation induced flow conditions

13
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Applicability of PANTHERS/PCC to SBWR

e TAPD, Sec. A.3.1.1.4 and Fig. A.3-3 describe PCC operational
modes and applicability of PANTHERS-PCC data

e Two main operating modes of PCC
— Pressure Drop Driven Mode
e PCC capacity < core decay heat
e PCC flow is forced by DW/WW AP
— Condensation Pressure Driven Mode
e PCC capacity > core decay heat
e Flow induced DW to PCC AP due to condensation

e PCC tests capture both modes

14
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Fig. A.3-3: PCC Operational Modes
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Applicability to SBWR (continued)

Both PCC operational modes represented by PANTHERS

e Pressure Drop Driven Mode

Steady-state steam/air mixture tests model this behavior

Test T23 captures high pressure drop through system similar to early
blowdown when main vents are open

Test T9 captures range of conditions with flow through PCC but not main
vent

Test T2 demonstrates conditions near crossover to condensation mode

e Condensation Pressure Driven Mode

Steam only and gas injection tests model this behavior
Spectacle flange on vent pipe simulates pipe submergence in S/P
Steam only tests (T41, T43) show operation with all N/C gases purged

Injection tests of air (T51), helium (T76), and air/helium (T78) demonstrate
how DW/WW AP is increased when gases accumulate in condenser

PANTHERS-PCC .
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Applicability to SBWR - Conclusions

e Conditions tested in PANTHERS/PCC are representative of
conditions predicted in SBWR containment analysis for PCC

operation (e.g., inlet flows, mass fractions, temperatures,
and pressures)
~ Tests capture both pressure drop driven and condensation pressure driven
modes
~ Steady-state tests cover range of steam/air fractions for SBWR

~ Transient tests demonstrate condensation pressure driven flows both with
and without the presence of non-condensable gases in the PCC

o SBWR integrated systems tests (PANDA and GIRAFFE)
complete the qualification database by demonstrating
system performance

19
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PANTHERS Structural Tests

* Objective: Be able to qualify the Hx for the life of SBWR
— Different approaches for PCC and IC

* PANTHERS/PCC - Verification by test

— Subject unit to 5 times design number of pressure/temperature cycles

— In accordance with ASME Code Section Ili, Appendix i, Article 1I-1000,
Subarticle 11-1500

e PANTHERS/IC - Verification by analysis

— Envelope all T/H loads expected to capture the largest temperature
gradients and the fastest thermal transients with prototype pressure loads

— Cycle sufficiently to reveal any thermal racheting where elastically
calculated stress levels exceed ASME Code shakedown limits

* Measured deformations can be used to envelop the ASME alternative
shakedown analysis approach

PFB 1
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Ad(ditional slides used at the end of G. Yadigaroglu
presentation on “Analytical Basis for Top-down
and Bottom-up Scaling” to discuss results of

global momentum scaling for GIRAFFE/SIT and
PANDA



Additional slides used at the end of R. Gamble

presentation on “Application of Scaling to SBWR
and Major Test Facilities” to discuss detailed

scaling results for PANDA



Scaling Summary for PANDA

® Paremeters important to facility behavior scaled adequately
¢ Ali relevant systems present
¢ Line flow resistances scaled adequately

# All important top-down phenomena retained
@ Facility scaied adequately for intended purpose

REG 117288656
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November 28-29, 1966
San Jose, CA

PANDA Test Results

PANDA Team: G. Varadi, J. Dreier, M. Huggenberger, J.
Healzer, C. Aubert, T. Bandurski, O. Fischer, S. Lomperski, and
H.-J. Strassberger

presented by
G. Yadigaroglu
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“Startup” Test M7
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PANDA - Test Objectives

In relation to the SBWR certification effort;

TAPD objectives

1. Provide additional data to:
(a) support the adequacy of TRACG to predict the quasi-
steady heat rejection rate of a PCC heat exchanger, and
(b) identify the effects of scale on PCC performance
— Steady State Performance Tests

2. Provide a sufficient data base to confirm the capability of
TRACG to predict SBWR containment system performance,
including potential systems interaction effects
— Integral Systems Tests

3. Demonstrate startup and long-term operation of a passive
containment cooling system
- Concept Demonstration

Additional objectives:

* Containment performance is similar in a larger-scale,
multidimensional system to that previously demonstrated
with the smaller-scale GIRAFFE tests.

* Any non-uniform distributions in the containment do not
create significant adverse effects.

¢ There are no adverse effects associated with multi-unit
PCCS operation and interactions with other reactor systems.

First tests indicate that objectives are being achieved

ACRS_TRNDOC 24 11 19952
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PANDA TESTS - Summary

Facility Characterization Tests
(July 1995)

Hydrotests and cold gas leakage tests
Heat loss tests

Pressure drop vs. flow rate characteristics
Data used as inputs to code calculations

Steady-state PCC Condenser Characterization Tests
(May through Aug 1995)

e 10 valid tests
« Good repeatability and agreement with other data and

pre-test calculations

M3 Series Transient Tests (M3, M3A, M3B).
(Oct.-Nov. 1995)

« Operability of facility (initial conditions, power decay, etc.)
and quality of instrumentation and equipment
demonstrated.

e Certain difficult PCC flow measurements (range,
oscillations, noise) were supplemented by pool heat
balances

« Preliminary conclusions (tests still being analyzed)

“Startup” Test M7
(Nov. 1995)

e Demonstrated PCCS startup
e QOscillations in the RPV were detected

ACRS TRNDOC24.11 19953
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Facility Characterization Tests

Cold gas leakage tests

62 hr tests

Met or exceeded expectations

DW, WW, GDCS vessels: < 0.08 % per day
RPV: 3.7 % per day (the least important one)

Heat loss tests

e Do not exceed 7 % of decay heat at 24 hrs after scram
e Design target was 10 %

Pressure drop vs. flow rate characteristics

¢ All loss coefficients measured for a range of flow rates
e All lines found to be properly scaled

R J

ACRS_ TRNDOC24 11 1995 4
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PANDA Experimental Facility

Isolation Condenser (IC)
and Passive Containment Coolers (PCC)

Scaled SBWR IC-Unit (left) and two PCC-Units
[PSI-LTH B13/24 April 13, 1993)

HX 42 \sola doc
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M3 Series of Tests

MSL Break (MSLB) tests

Initial conditions: the state of the system 1 hr after scram (the
DW contains mostly steam)

PCC condensers: PCC-1 to DW-1 and PCC-2 and PCC-3 to
DW-2

IC condenser valved off

Identical initial and power decay conditions

Initially saturated water in PCC pools

Similar to a GIRAFFE MSLB test with uniform DW conditions

Investigated the effect of the water level and inventory in

the PCC pools on system performance:

e Ma3: the three PCC pools interconnected - no water makeup.

At the end of this 20 hr test, the water level in the PCC pools
had dropped about 0.5 m below the top of the tubes.

M3A: three PCC pools isolated - cold water added from the
bottom fill line to each pool individually - nominal water level
constant within £ 0.3 m.

M3B: the three pools interconnected - cold water added
simultaneously to all three (using the conneciing; bottom-fill
line) - nominal water level constant within £ 0.z m.

ACRS TRNDOC24 11 19956




g @:h PAUL SCHERRER INSTITUT

01',';-““‘ PANDA Instrumentatiun
=" PCC1 Condenser Gas & Wall TC Positions

. 1
e L TueWalT
XP1 Temperature | o o
------ ~een L OO @00 @
s = | V=3It | VBei3ST | VBedS® | Vedst | Voge22s0
. o fegoo-MIGP13 MITPL] | MITPLS IMITELIL _____|
: Jje_Mieeis Mmpiz  s2ipaty MTLEL]
i —o-j.y202  MIGPLS MITP13  , _____ 20272y S
: —-f-j__MIGPIS MITeIel _____ AR Y S <
.1 A }-- 122 MIGELT MTIP1S |MTLP19 | MITPLIZMITRLIS
| | | |
405 |
. ) g MTSLLR MRS i TP
i ' | ! |
l l | 405 : 1 | ; |
ous o | el | v MIGPLS MrIei7 Wrreiio MITLI3l
= L emAv ey )
{ ) N -
A/ e
~MIGP12 @ @ @' @  rusewuween
7 e o L\
‘ @ o & o
S BEate SR AR < Ml < ol EEEEED
X MTTP1_ postions ' = -ee- AR ++ L+ ONRNG). . - .. o
- oo roove
_ :MTG.P1._ positions (o)) O}'S O?O v © "
‘ - MTL.P1 positions <R ; : ]
Note: details on instrumentation ) - o N
inboth drums aregiven T Tmmsee-< a
separately.
Tolerances:
Saphir
270" Elevation: =15 mm
L Hight difference: =2 mm
. : Angle: £ 10
Wald 189—--—'-----’0' Aare :
‘ » V-8 o - Sl
90’y AC 42/TC_PCC1iSD |
14.06.85 / VERSION 2 I

Beznau



- st s § Ji# PAUL SCHERRER INSTITUT
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Preconditioning:

Establishment of the Proper Initial Conditions

Typical preconditioning procedures:

The various containment volumes are isolated, filled with
demineralized water, steam from the RPV or air, and further
heated, as necessary, using heat from the RPV via the
preconditioning-system heat exchanger.

Air is eliminated, by purging with steam, when necessary.

The RPV is first heated to about 170 °C (T, = 7.5 bar) with a
sufficiently high water inventory, in anticipation of the heating
needs for the entire facility.

The two SCs are filled with water at the desired (uniform)
initial T
The preconditioning is conducied in a way assuring a uniform

SC air space T, steam is injected to heat up the structure and
the air space.

On the long term, the partial pressure of the steam in the gas
spaces of the two SCs is set by the water temperature.

The required amount of air is injected to adjust the paitial p of
air in the two SCs at its specified initial value.

To achieve a uniform (air space and wall) T in the GDCS
vessel: structure is steam heated. Vessel is initially filled with
hot water; this water is then transferred to the PCCS pools.

The PCCS (and whenever used, also the ICS) pools are
simply filled with hot water to the desired evel(s).

ACRS TRNDOC 1127957
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Preconditioning:

Establishment of the Proper Initial Conditions
cont’d

e Accurate adjustment of the initial air partial p in the DWs:

o the vessels are first heated and purged of practically all air
by steam injection. (some air accumulates during this time

in the PCC condensers)

¢ The p in the DWs is then recorded and a sufficient amount
of air is injected to increase the vessel p by the amount of
the required initial partial p of air (procedure relies upon
the measurement of a p difference and is therefore quite
accurate)

e When the required initial conditions are reached, vessel
connections are opened to bring the system into the required
configuration.

¢ The tests are started by opening the MSL valves and starting
the power transient.

ACRS TRNDOC 1127958
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Test M3 (3/4 Oct 1995) Preliminary Data
Initial Conditions for Drywell Gas Temperature
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GIRAFFE Helium Test Objectives

Demonstrate PCCS operation in the presence of
noncondensible gases that are lighter than and heavier
than steam

Demonstrate the purging of noncondensible gases from
the Drywell to the Suppression chamber via the PCC
condenser

Provide a database for TRACG qualification

Repeat previous GIRAFFE tests, including appropriate QA
documentation
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TEST MATRIX

Test H1: Main Steam Line Break, test starts at t=1 hour.
Initial conditions = SBWR conditions calculated by TRACG.
( 4% Nitrogen in Drywell)

Test H2: Same as H1 except Helium used instead of Nitrogen.

Tests H1 & 2 results will be used to compare the PCC system
performance in the presence of heavier & lighter than steam gases.
Test H1 will also be compared to PANDA Test M3 to determine any
effects of scale on test results.

Test H3: Main Steam Line Break plus metal water reaction,
test starts at t=1 hour. Maximum initial He concentration,
equivalent to 20% of a 100% m-w reaction.
(4% N & 23% He in D/W)

Test H4: Same as H3 except helium is injected during the first hour.

Tests H3 & 4 results will be used to investigate the PCCS system
performance for high concentrations of helium.



Direct Measurement of Noncondensible Gas
Concentrations

Samples are collected simultaneously at three locations:
upper & lower C/W and the S/C.

Each location is near a thermocouple to enable
comparisons of measured and calculated noncondensible
gas concentrations.

Samples are collected at 1 hour intervais.

Two samples are collected at each location:

- First sample is used to determine ratio of steam to
noncondensible gases.

- Second sample is used to measure the ratio of helium to
nitrogen.

Samples are measured using a gas chromatograph to
determine the concentrations of each gas.

The accuracy of the measurement is +/- 3%.
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TEST RESULTS

* During each of the helium tests, purging of
noncondensible gases from the PCC condenser
occurred.The LOCA vent remained covered during all
tests.

 The helium tests canfirm that even for large quantities of
noncondensible gases, the PCCS can purge the
noncondensibles within less than one hour.

* V/B only opened during Test H1, the 4% nitrogen case.

The nitrogen present in the PCC condenser tubes was
concentrated in the bottom 20 % of the tubes (near
thermocouple TEP 28). The PCCC heat removal was thus
very high and within approximately one hour it exceeded
the RPV decay heat. The D/W pressure dropped below the
S/C pressure and the vacuum breaker valve opened for a
few seconds at t= 12,500 sec. & 17,500 sec.



DIRECT GAS SAMPLING RESULTS

e Direct gas sampling results show that for each test
approximately 50% of the noncondensible gases were
vented by the PCCS to the S/C.

* For Tests H3&4, 50% of the initial helium volume is equal
to 30 times the PCC condenser volume.

* Preliminary review of test data indicates good agreement
between calculated and measured n/c gas
concentrations.

- Tests H-1 and H-4 results compare very well.
- Tests H-2 and H-3 results do not compare as well.

Test H-2 has a low concentration of helium, therefore the
differences may be related to measurement accuracy. H-3
results require further review to determine reason for
differences in calculated and measured concentrations.
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OBJECTIVE

e MAINSTEAM LINE BREAKS LIMITING FOR CONTAINMENT
PERFORMANCE

« GDCS (GRAVITY DRIVEN COOLING SYSTEM) AND BDL (BOTTOM
DRAIN LINE) BREAKS LIMITING FOR REACTOR VESSEL
RESPONSE

« NRC CONCLUDED ADDITIONAL INTEGRAL TESTING NEEDED

« OBJECTIVE
DATA BASE FOR TRACG QUALIFICATION,
FOCUS ON POTENTIAL SYSTEM INTERACTIONS
(IC, PCCS)



TEST MATRIX

Table A.3-21 GIRAFFE/SIT Test Matrix

Test Break Single Fallure | 1C/PCCS on?
GS! GDL DPV No

GS2 GDL DPV Yes
GS3 BDL DPV Yes
GS4 GDL GDCS Yes
GDL = Gravity Drain Line

BDL = Bottom Drain Line

DPV = Depressurization Valve

GDCS = GDCS Injection Valve




Table A.3-23 Basis for GIRAFFE/SIT Test Conditions

Option
icecc
Objective Bresk | Failure | Operation Test ID

Worst Break/Singie Failure | GDL DPV No GS1
Combination
Benefit of IC/PCC GDL DPV No GS1

and GDL| DPV Yes GS2
Slow Water Level Recovery | GDL GDCS Yes GS4
Fast Water Level Recovery | BDL DPV Yes GS3
Case showing GDCS void GDL DPV Yes GS2
quenching and break flow GDL DPV No GS1
depressurizing drywell
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PRELIMINARY RESULTS
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Natural Circulation BWR Plant Startup

Discussion Topics:

e Dodewaard plant startup

e SBWR plant startup procedure

® TRACG analyses of SBWR startup
e Summary




Dodewaard Natural Circulation BWR

Dodewaard plant

e Natural circulation BWR with internal free surface steam separation

» Rated thermal power output of 183 MWth

» Rated generator output of 60 MWe

e Initial startup in 1969, continuously operation since commercial operation
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Dodewaard Plant Startup

Summary of normal plant startup procedure

» Heat reactor coolant to 95-100 deg. C at atmosphere pressure
— Terminate shutdown cooling
— Operate electric heaters in Reactor Shutdown Cooling system
— Terminate temporally CRD vacling flow
e De-aerate reactcr coolant
— Establish vacuum at main condenser

— Open isolation condenser vent line and main steam drain line to main
condenser (turbine bypass vaives closed)

— Continue de-aeration to reduce dissolved oxygen to specified limit
» Withdraw control rods te establish criticality



Dodewaard Plant Startup (Cont'd)

e Plant Heatup
— Control reactor power with control rods tc heatup at < 55 deg. C/h
— Control reactor pressure with turbine bypass valves
— Terminate electric heating of reactor coolant

— Place RWCU system into operation to control reactor water level, reduce
thermal stratification, and maintain water chemistry

e Turbine warmup and acceleration
— Begin warming at approximately 30 bars
— Accelerate to rated speed

e JTurbine synchronization and loading
— Synchronized at rated reactor pressure of approximately 70 bars
— Continued power ascension by control rod withdrawal:
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SBWR Plant Startup

Plant Startup

* Complete prerequisites

— Systems operable and lined up for startup
(2.9., CRD ir. operation purging drives, RWCU rejecting water to
condenser, MSIVs open, one condensate pump in operation, etc.)

— Containment clear of personnel

— Complete required surveillance tests

— Normal reactor water level

— Temperature meets requirements for operation on P/T limit curve

* Commence plant startup
— Seal the main turbine glands with auxiliary steam
— Establish a vacuum in the main condenser by vacuum pump

— Terminate reactor shutdown cooling to begin warming of RPV coolant by
decay heat

— Operate RWCU in the reactor coolant heatup mode (electric heaters) to heat
coolant to 80 deg. C to de-aerate reactor

1o



Reactor Criticality & Heatup

e Approach to criticality
— Withdraw control rods in specified sequence to achieve criticality

— Maintain a reactor period greater 100 seconds (typically 100 to 150
seconds) until the heating rarge is reached

* Plant heatup
— Maintain turbine bypass valves closed during heatup
— Continue rod withdrawal to develop a heatup rate <55°C in any one hour

— Maintain normal reactor water level by rejecting water during heatup
using the Keactor Water Cleanup System

— Utilize the Condensate and Feedwater systems tc add water to the RPV
to maintain normal water level as required

— At approximately 100 psig,

. Begin warm-up of steam jet air ejectors

. Begin warm-up of the main turbine and the off-gas system

. Shift turbine gland sealing steam source from auxiliary steam to main steam
— At approximaiely 250 psig,

. Place steam jet air ejectors and off-gas system into operation

. Shutdown mechanical vacuum pump
11



Plant Heatup (Cont’d)

e Plant heatup (continued)
— At approximately 600 psig
. Start one reactor feedpump and establish automatic level control
. Terminate water rejection via RWCU

— As rated reactor pressure is appreached, adjust the pressure
regulator setpoint to appropriate value (bypass valves will begin to
oper: when rated pressure is exceeded)

— Continue rod withdrawal until approximately 15% power (bypassing
steam to mair condenser)



Turbine Startup and Synchronization

e Turbine startup and initial loading

— Upon completion of turbine warming, roll the main turbine to rated
speed

— Synchronize the generator to the grid

— Increase the turbine load setpoint to raise load on the generator and
to close the bypass valves

— Start additional circulating water pumps as required to maintain
proper condenser vacuum

— Start condensate and feedwater pumps as required to continue to
maintain proper reactor water level

13



Power Ascension to Rated Power

e Power Ascension

— Complete inerting the primary containment within 24 hours after
reaching 15% power

— Verify the fuel is maintained within the thermal limits throughout
power ascension when above 25% power

— Continue control rod withdrawal t. .ach rated power

— Place additional condensate and feedwater pumps into operation
during power ascension

14



Startup Trends

REACTOR WATER LEVEL (normal)

216C
.

(CORE INLET)

REACTOR COOLANT TEMPERATURE

(12 HRS.)

REACTOR & GENERATOR POWER

TURBINE SPEED

REACTOR VESSEL PRESSURE
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TRACG Analysis of SBWR Startup

Typical startup analyzed, heatup rate 42 °C /hr.
— Refer to Figures 4-4a, 4-4b, 4-5 attached

— Condensation induced geysering oscillation is possible during startup only

when chimney is subcooled and vapor is generated at the exit of the fuel
bundies

— No geysering is predicted to occur (minimal subcooling)
Unstable region
— To identify conditions for condensation induced geysering oscillation
— Initial conditions of normal startup
— Increase reactor suddenly to specified level and hold constant

— Reacior pressure held to lowest possible by fully opening of turbine bypass
valves

Results:
~ Unstable region: 100 - 140 MWth and reactor pressure less than 0.3 MPa

Unstabie region is not attainable during normal heatup process. Entry into

unstable region is constrained by Technical Specification requirement on
heatup rate.
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Summary

SBWAR plant startup

» Follows typical BWR startup procedures
e Similar to Dodewaard plant
e Performance expected to be similar to Dodewaard

e TRACG analysis of SBWR startup concludes no flow instability for
normal startup, instability region not attainable for SEBWR
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SBWR Partitioned Chimney

® Geometry
— 22 partitions covering 732 fuel channels and core bypass region

— Unit cell covers 6 x 6 bundle array with associated bypass region
—~ Unit cell size ~ 1m x Tm x 9m high
e Operating range of conditions
— Rated operation :
Pressure : 7.2 MPa
Mass fiux : 530 Kg/n¥’-s
Average quality : 0.124
Average void fraction : 0.7
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Key Issues

e Chimney cell flow regime and void iraction
— Average void fraction
— Cross sectional variation

* Flow/pressure fiuctuations

e Multi-celi perfermance of chimney
— Steady state and transient conditions



Ontario Hydro Data

® Configuration
— Vertical riser (0.51 m i.d.) downstream of bend from horizontal pipe
— Flow straightener at inlet
® Instrumentation
— Multi-beam gamma densitometer for sectional void fraction
— Pitot tube rake for dynamic head distribution
— Measurements made 4.2 m from flow straightener outlet
® Test Procedure
— Voids created by draining loop
— No direct measurements of mass flow rates
Calculated from local dynamic head and void fraction data
® Results
— Data obtained at two pressures up to void fraction of 0.8
— Measurement uncertainties: Mass flow rate ~15%, void fraction ~5%
— Effects of bend persist in velocity distribution, but not in void distribution
— Local void fluctuations small at high pressure, increase at low pressure



Ontario Hydro Data
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Multi-cell Chimney Performance

e SBWR steady state chimney parameters compared with Dodewaard

Parameter

Average bundle power

(MW)
Chimney L/D

Average void fraction

Liquid velocity (m/s)

Vapor velocity (m/s)

SBWR
2.73
9
0.68

1.6

2.4

Dodewaard
1.16

10
0.57

1.1
L9
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