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FA Testing

~ » In order to define the maximum debris, load that can be

tolerated in the core, testing was/pecformed
NN

» The purpose of this testing was»té u§tlfyzacceptance criteria
for the mass of debris that capxi'*éa; h'the RCS and not
impede long-term core co/plmg ro" ‘s~7to the core.

A
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Methodology

» The fiber load is maximized PR

Q’fﬁ te rmlne maximum
iber and particulate
7

‘highest pressure drop

» Particulate-to-fiber ratio is varled\
pressure drop <

» Chemical preC|p|tate is addeqlfféx

» A maximum flow rate prodﬁ%es{

through a debris belL \ |
¢ Therefore, the highest row""rate should be used to assess various break
and ECCS conflguratlons :
< Further, this flow rate should be maintained at a constant value
throughout the test \\/ ‘
» The test loop should continually recirculate debris such that
it will have multiple opportunities to catch on an obstruction
and block flow

PR A
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Test Facility

» AREVA contracted with Continuum:Dynamics Incorporated
(CDI) to perform U.S. EPR tests <v>

< Same firm that performed this test forx\the P ROG
< Same loop and FA used in PWROG\testmg used for U.S. EPR testing

EPr | A
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CDI Test Loop — Schematic
debris introduced to core inlet
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CDI Test Loop —
Photographs

Flow meter
Flow costrol 6 Rods holding
vilee fuel assembly
against LEF
Computer ’ :ﬁ: ,
Mixing Tank Grid 3
Grid 2
Pressure Tap Grid 1
Lower End
DP Transducers Fisling CEN)

PR
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Test Process

F Select a flow rate

» Select particulate load
< Add all particulates first A
» Add fiber in 10 g increments//

) 7

< Add incrementally to determ’T|\1e |f<‘th|n bed” occurs
< Add until pre-deflned"preg&su\e or mass of fiber is exceeded

» Select chemlcaxwpremplt e load

< Add chemical |ﬁ hcremen J

AN 2

A
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Materials Tested

£

< Fiber ﬁ\ ,
< Particulate N
<& Chemical precipitate formed fro’r_r,/liéi mica@eactions within sump fluid

» Types of debris that might reach }!\Q\BCS

R . A

T by, AREVA, -
GSI-191 U.S. EPR Downstream Effects Audit — Gordon Wissinger - July 7, 2010 10 AREVA




Materials Tested

CS

‘‘‘‘‘

» Fibrous debris that might reach the?%rR

<& Based on sump screen bypass samp
screen testing, the size of fibers that’ '
order of the openings of the fuel assemb‘lyx\glebrls filters and
smaller ( N S

/N
< Size distribution tested below based o/n/PWROG data
¢ Shredded Nukon used K \/

Fiber length (<

<500um \\/ 77% 67 - 87%
0

\T argey Range

500 — 1000 um ~18% 8 — 28%
> 1000 um 5% 0-15%
| Note: 500 um ~ 20 mils »
EPR " A
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Materials Tested

» Particulates that might reach the I}CS 5

< Based on sump screen bypass samples,,th 4 Jze of particulates that reach
the RCS are on the order of the openlngsi?f the fue! assembly debris filters

and smaller :
< Sump debris transport calculatlons/m\?/ \t ef‘aebris quite small — on the
order of 10 — 20 microns //

<& Silicon Carbide with a{meamdlamete of 10 microns selected

» Precipitates formed:by chémlcal interaction
< Similar to particulates and’ smaller

< AIOOH used to bound the chemical species formation expected

‘EF‘R A
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Inputs and Boundary Conditions

» Test fluid temperature = 70°F ~ O
& Lower temperature increases the qu‘ii’jl;\(«i;éé'os~ity
» Core Flow Rates v "

& Pressure drop varies as a functiéni of flow rate through the debris
bed Xy

« For CL Break — 3.8'gpm/FA/

- Maximum boiloff rate at‘highest core power & earliest time

e For HL Break — 71.4 gpm/FA

- maximum ECCS flow rate -

A
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Inputs and Boundary Conditions

> Avallable Driving Head

<& If the pressure drop through the deb:I}S\iS;Ed ex ‘e@ﬂs the available
~driving head, then it is assumed that the core will begin to uncover and
heat up £ W
/

&
< While this condition retalns s@‘m’e margm of conservat|sm itis a

reasonable acceptance

N

< The available dnvf!,ng head is dependent on the break location and
plant geometry\l_
<& U.S. EPR available: rlvmg/head

 Cold Leg Break >1.36:psid ;
e Hot Leg Break >18.2 pS|d

PR ' A
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Inputs and Boundary Conditions

> Quantity of Debris

& Fiber that reaches the RCS determin
testing

& All particulate and chemical pre(m/pﬁa\tes assumed to reach the
RCS :

Debris that reaches the cor %is depie@g?é‘"’nt on the break location

and ECCS conflguratlon\~~
& U.S. EPR 3o-day/j\|ber load,\,

e Cold Leg Break: 0,015 Ibm/FAg (6.8 g)
- Debris that re the /gorefls based on core boiloff rate to ECCS flow split
e Hot Leg Break: 0.076bm/FA (34.5 g)

- All debris reaches th;\éore

A
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Results —
Cold Leg Break

» 4 Tests run to evaluate cold leg breaks with cold side
lnjectlon

loss in FA ~
: )
» PWROG test at I|m|t|ng /pj f ratio and 18 g of fiber/FA showed
~a dP of less than 0. 53\p5|d after chemical precipitate addition

<& Bounds the fiber load of 6.8 g/FA expected for USEPR
<& dP adjusted for U.S. EPR flow rate ~0.85 psid

EPR , A

by, AREVA. .
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Conclusion —
Cold Leg Break w/ Cold Side Injection

will not result in
cold leg break with cold

» Up to 18 g of fiber per fuel assembly.
inadequate core cooling followin
side injection for the U.S. EPR

EE - A
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Results -
Hot Leg Break

» 12 Tests run to evaluate hot leg brea5<§ with cold side

injection ~ (@ é

» p:f ratio ranged from 1:1 to 88: 1_ |
» No debris captured by FUELG‘UA‘R

» Limiting results obtalned\when aJI//gIebrls captured at LEG

N
<& Occurs at p:f ratios. of\less th\ 1 ~10:1

i
Limiting p:f ratloi’- : mi’hed by PWROG testing)

EPR A
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Results —
Hot Leg Break

36 g of fiber
© p:fratio = 12.5:1
& Distributed debris bed £R £
» PWROG testing indicated that a{t &a p f\ratlo of 1:1, “complete”
blockage at LEG could occur/for*ﬂéber Ioads > 20 gIFA

¢ Complete blockage dogswnot occur until:

! 3 femlcal precipitate is added
» Test 7-FG-FPC sho jed d dP\<\6 '35;p3|d for 60 of fiber & particulate (i.e.
before chemical precipitate’ )was added)
& dP adjusted for U.S. EiR flow’rate ~16 psid
< Below the available driVin\'\thead of 18.1 psid

» Therefore, U.S. EPR core can tolerate up to 36 g of fiber with p:f
ratio of 1:1 before chemical precipitates are added

» However, blockage might occur after chemical precipitate addition

by, AREVA®
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Upper Plenum

Region ReSUItS -
3 Hot Leg Break

% Upper Core
Support Plate
, : » If complete blockage of the core
occurs after chemical precipitate
| ' addition, then LTCC is still
1 1 assured by considering flow
| | through the heavy reflector
region _
| | b
L | ]
° Location of
— B |l ] blockage
o e J g
@ ?| : ] Lower Core
g x ( :?:"3 Support Plate - -
O

+

Lower Plenum

EP’\R‘” Region A

by AREVA
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Results —
Hot Leg Break

» Conservatisms:

<> The RCS fiber load was determlned
recirculate in the test flume

¢ No credit for accumulation on the fuel

evaluated - less fiber WI|| enter:‘*thefRCS
side injection N

e 15 g of fiber is eafyllyvtoleratid"w ,NP <7 pSId after chemical precipitate addition)
< Assumes complete blockage occurs in ALL 241 fuel assemblies
N

e Does not credlt\vf 'Vable flow,patterns in RV lower plenum and core

A
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| | Conclusion —
Hot Leg Break w/ Cold Side Injection

» Up to 34.5 g of fiber per fuel asse/rgiblyf\wnl not result in
madequate core coollng foIIowmg a<h: t Ieg break with cold

by AREVA:
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FA Testing

» In order to define the I|m|t|ng delgg:sdwad that can be
0 pSed

4

) Justify ac cceéptance criteria
for the type and mass of debris that can reach the RCS and

not impede long-term core(cm/)olzm@y\ﬂogv/s to the core.
ria:-w

é

&
will bes@ised in part to demonstrate
decay heat removal

EPR | | A
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Methodology

» All debris that passes through the sump screens is assumed to
arrive in the core after 1 hour

< Maximizes the debris available during HLI . (.

» Further, all debris that arrives over 3Q\dayu hould be tested as if it
arrives in the RCS at the first opportumty oD

< It takes a finite time for debris to transport from the break location to the RCS

< Further, the mixing of fluid and debrls on/the. heac\fly floor and the filtration of the

retention baskets and strainers Will cauée the débris to arrive in the RCS over time

/1
& Therefore, testing the maxmu‘frfﬁ 30- da§/\debrls load is conservative

» A maximum flow rate’ produces{he highest pressure drop through
a debris bed &

< Therefore, the hlghest flow rate 'should be used to assess various break and
ECCS configurations ™~ » /4

<& Further, this flow rate should be maintained at a constant value throughout the
test
» The test loop should continually recirculate debris such that it will

have multiple opportunities to catch on an obstruction and block
~ flow

&R A

"""" GSI-191 U.S. EPR Downstream Effects Audit — Gordon Wissinger - July 7, 2010 25 AREVA




Test Facility

» AREVA contracted with Contmuur>n* Iy,,,namlcs Incorporated
(CDI) 03
< Same firm that performed this test for»the PWR@G
< Same loop and FA used in PWRG)Gxtest\lﬂF\g used for U.S. EPR testing

» Can/will modify the loop for *'r?;&cz/s/ed addltlonal HLI tests
4

EPR A

7. by AREVA,
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CDI Test Loop — Schematic
debris introduced to core exit

EPR A

A
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FA to be Tested HLI Tests

> Fuel assembly — U.S. EPR specific [

< Partial length (~50” long)
© FUELGUARD bottom nozzle
< HMP lower and upper end gridsj

& Top nozzle O
<& Thimble plug aﬁe/mbly
< 25 guide tubes/w/ 0.482” GD

<& 264 fuel rods v;I\ 0\ 374" Oly /

» Test loop will includ

> Upper core plate with Type B hole .
Flow diverter in upper plenum of test vessel

EPR_ | | A
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Inputs and Boundary Conditions

» Core Flow Rates

Wk;ite through the debris

«

< Pressure drop varies as a function o
bed

e Darcy’s Law suggests a linear relationship.

. Darcy s Equation suggests a flow 36 /lﬂ’\xd

° Based on MHSI t

Flow Rates \\

e Cold Leg Break {2 \,,5\gpm/FA)
e Hot Leg Break — <125 gpm/FA

AN

g& Co"nde‘nsatlon potential

A
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Inputs and Boundary Conditions

» Available Driving Head

& Defines the acceptance criteria (i.e. pr
debris) for each test. '

O If the pressure drop through the d}’li\{, |
available driving head, then it |s/ assumed that the core will

begin to uncover and heat up ( Yoo

< While this condltlon}n,retgl\ns some margln of conservatlsm itis

e Cold Leg Break: >8Z3~:;f“k' <
e Hot Leg Break: boundedfby other break/ECCS configurations

T by AREVA.
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Inputs and Boundary Conditions

» Quantity of Debris | P A
<& Defined by debris generation calculatio ,
< Fiber that reaches the RCS determmed\by sump ‘strainer bypass

testing

< All particulate and chemical preC|p|PateS\assumed to reach the
RCS Y0

< Debris that reachesftheacog'e ‘IS dependent on the break location
and ECCS confi /’\ NN

& 30-day fiber loac

13

/\

“mggm

o Cold Leg Break: 01 Ibm/F,y
e Hot Leg Break: bou dfby other break/ECCS configurations

EPR | | A
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Testing to Date

> One HLI test was done in October 2009
<& No upper end fitting or upper core p| :te\tégted

<& Used 23 g of fiber/FA (too low) M

¢ p:f ratio = 15:1 (possibly too hlgh)*‘f‘f:’f

<& Debris load was distributed a)m/cyngflower\3 spacer grids

e No debris at UEG | :

" by. AREVA;
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Additional Testing

» Include upper end fitting and upper:core plate
¢ Ensure that the flow reaching the FA s:,,fpro’:'ytotyplcal for HLI
» Evaluate the higher fiber load *

< Need to test to actual fiber load ex‘p‘e‘ct\tid\based on bypass testing

» Evaluate additional p:f ratlos /b

<& PWROG testing for cold sude |njec niindicated that low p:f ratios
produced limiting results,ﬁby\promot g the formation of a single debris
bed at the LEG ¢ >

» Establish wheth- dlstrlbu/ted}debrls load is the norm

< PWROG testing for%old S|de injection indicated that low p:f ratios
produced limiting results by promoting the formation of a single debris
bed at the LEG

& Not clear if the flow rate or the p:f ratio or both is driving the distributed
bed seen in the one U.S. EPR-specific test

EPR A
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Proposed Test Series 1

& Flow rate = 125 gpm (maximum) < Test1a: p:fratio = 1:1
Fiber load = 50 g (maximum)

<& Vary p:f ratio to determine

¢ If single debris bed forms at UEG
¢ Limiting p:f ratio

: p: f\ratlo 3:1
C:pP3 sf ratio = 7:1

» Reason for tests:

< If dP < 8.3 psid in aII“cases then

’x’
e Limiting p:f ratio will have\been determined for max flow rate
o Go to Test Series 2 to ensure similar results at a lower flow rate

If dP > 8.3 psid in any case (need to run all 3), then

e May need to reduce fiber load until acceptable results are obtained
" g— o Results from this sequence will define limiting p:f ratio

EPR ' A
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Proposed Test Series 2

<& Flow rate = 64 gpm (minimum) Test 2a: p:f ratio = 1:1
< Fiber load = 50 g (maximum) * .Limiting at core inlet

Vary p:f ratio to determine Sof R
e If single debris bed forms at UEG & Te@tsb.v: pf\ratlo =3:1
e Limiting p:f ratio e

Tgst\Zé‘ psf ratio = 7:1

» Reason for tests

. *\ ,
» Possible outcomes:\ >,
If dP < 8.3 psid in all cases, then

e Limiting p:f ratio will have been determined for min flow rate
¢ No additional testing required
If dP > 8.3 psid in any case, then
/\m e May need to reduce fiber load until acceptable resuits are obtained
EPR ¢ Results from this sequence will define limiting p:f ratio A
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Summary of Test Matrix

Test |Flow Rate|Nukon|Particulate tio| Comments
(gpm) | (g) (9) LN
1a 125 50 50 =K if: dR@B .3 psid in all cases, gl
Oy, to Test Series 2
1b 125 \\:Tf dP > 8.3 psid in any case,
need to reassess
1c 125
2a 64 If dP < 8.3 psid in all cases, n
additional testing required
2b 64 if dP > 8.3 psid in any case,
need to reassess
2c 64
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Conclusion

» Cold leg break w/ cold side |nject|§Q,__
il

< Up to 18 g of fiber per fuel assembly_ w
cooling following a cold leg break wuth

I»not\result in inadequate core

xold S|de“|nject|on for the U.S. EPR

» Hot leg break w/ cold side m;/ectfon

/AN

bly will not result in inadequate core

§

th.cold side injection for the U.S. EPR

;V.T{;f"

& Upto 34.5 g of fiber per fuel gs(se

m
;} -
cooling followmg a hot Ieg\ eak \7v

R £

""" * GSI191 U.S. EPR Downstream Effects Audit — Gordon Wissinger - July 7, 2010 38 AREVA







