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Test Program: Objectives

* Characterize spatial distribution of debris
accumulation on a vertical screen.

- What conditions generate debris beds of uniform thickness and
composition?

* Evaluate applicability of NUREG/CR-6224 head loss
correlaton to PWR sump screen conditions.

is he correlation suitable for a vertical screen configuration and
7 -'~< ,''hdraulic on'dition'sat a PX recirculation sump; - - '-*-

-, '.Gener'ate data to chiaractrize head loss across
debris beds containing fragments of CalSil',

, '. ^Can the NREGiCR-6224 correlai b adap/ o t bea
lois for debai s csontaiing CalSul?
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Experimental Facilities
=G_ r ==-

Debris accumulation testing
- Debris bed fornation siniuLtted in the

large flume at UNM
* Head Loss Measurements

W- orl-horse test facilit) was the closed-
loop head loss measurement facility at
UNM

- Selected (confirmatory) measurements
II

made in large flume

Emphasis on effects of CalSil

' Probabilstic SAisk Anatysis Gru.ocslon Applications Dlviion-
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Debris Accumulation

Testing designed to
address fully-submerged

screens.
Debris accumulation
profiles observed for

several types of debris
at 0.5 & 0.9 ft/sec.

Fiberglass fragnments
Crushed CalSil

-'Crumpled SS RlvI foils ,
FjberfCaSIUl ~ixtures

Result& '--

< -~Ffi i-.- l'iass &CalSil Year uniform both types 6ovircd entiri 'w-e

Probabflstl;Rlk. iyGroup
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Head Loss - Correlation Benchmark
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.Conelationprovided accurate pr-edicCtion of dat.; .Tes -^ . .
-- tifaciltyeasuiremlents consisetent withr prior testing.d

withou dirt) to _ite: bk data for compar.isos ~ ¢n ~- l-up
- -ti \crrlatontt pr 'ie 'ciiM prdiio of daa Te: st x;

CalSil Measurements
S-er . I I

Head loss ,, _II . -'.gt2 ntp13ITun

causedby r-

CalSi is - - - -I -6 - -

considerably * -- T r -4 r _ .

higherthan - - -- - -/- r

debris beds -- - T
I 4vj2Th

of previously -I - - - -., - , _ c

tested materials
of comnparable 'r -- - - -

=.thickness. -- ' _ .. ... .... . *

d ohe~rentbieds --> :<><1 -nwrnh,- '.

t tleds head loss a-
.. sFthickness lesstha 1/i8- in . n", '1

.NUREGCR-6aa4 correlation fits dataif
. al '-: -.pp prspr jertle'of debr's are used. , IN

Probabirwliistic R A alsi Group
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Fiber/CalSil Mixtures
-e

-1'. Relationship
_ between head I

I loss and approach

velocity initially !

follows trends of a "

I I 2.gT'BT *&C**OW (T-.*Sg 30

- - - -:-- J L -

I -particulate-ladte R. i A 0 D

fiberbed. I I , - , .1 -

Severe-bed [D n-r .rWP FW. - 2. .

compac - t - ,, 61
bove -0.3t/sec ' -

causes dratic and irreversible Increase in head loss.
-* NUREG/CR-6224 corre'lation fits data well at low - -,

-- velocities, but requires si~ricadjuctrnent after bed
compaction.

rv .Probabillstc Alsi Analysis Gro p
. Decision Appllcitlons Division k ............... < .-S4vv-

RMI /CalSil Mixtures
0* ,.-10

* CalSil deposited , 0 14b*d-ft?

throughout base * .20d CjsI

debris bed of IZ2Zl , .

crumpled RMI ' ' * -* p.1*_

foils. 4 , - -

Distribution more
uniform in 1-in bed 2

than in 8-in bed.
*Head loss - - -. *409 1 2

_ oticeablyhigher . ; -. 61

with CaSllin quantities',-; -

-'' greater than -20 gm/ft 2 of screen re

*L L correlatior for RMI debris Ied h loss c'-b
~~adjsted~ith'bii~ujfactors to fit dt

[jJ3' P 1 1obsblllsc~i~slAnatysls Group>T->~vtZauaZ-t ; 9, *~X

, "l eslnAopiltos ii- *" >-<vt ->,.,'-", ->* s t-)- 8 t-
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Preliminary Conclusions (1)
* * t +4

Debris accumulation profile depends on type of debris
transported to vertical screen.

- Fiberglass and mixtuies of fiber'CalSil debiis folm uniform, oi near-
uniform debris beds onaa submerged N ertical screen.

- CalSil alone can accumulate on a 118-in mesh screen %%ithout an uliderlign :
base debris bed, distribution is bottomr-skewed.

L- Crumpled S!S RMI foils collect near the bottom of the screen and giadually
,climb' on each other, forming a bottom-skewed accumul ition profile.

f Head loss measurements for well-characterized debris
; c'onsistent with those measured in previous studies.

r - 5NUREG.'CR-6224 carrel ition accuratell piedicted head loss fibrous debris
b'ed data generated in UNM facility ,

Prbblsi ikAayt Group9
'[Dc slon ApPIcaiionisDIVtSIOfl 4

t) Preliminary Conclusions (2)

Effects of CalSil on head loss across a fibrous debris bed
are complicated.

- At low (< 0.3 ft'secl, stable approach velocities, the exacerbating effects of
CalSil are similar to those of common pariculate.

- At higher approach velocities, sevete bed compaction causes a sharp
increase in head loss.

. Bed compaction and its effect on head loss is non-recoverable if velocity is
subsequently decreased.

- General framework of NUREGiCR-6224 correlation can be
used to predict head loss for Fiber/CalSil mixtures.

I iiirat~s jt_~ nol fedictiofis for low
2Treatilig CatSil as particli ate generates teisonable

^appxoach elocitie(< 0.3j tseo -.

- Spial for of correaton (hih par iclate-to-fr atio)ith umup -
factors is probably needed to Capture effects of bed co nMpactIoI at

i o <; ~lr * |et leelocjty. r-214 v +sf< > .-rt+yr.1-

auri | r s Anhplcatlons~i Dlvii,'^,, ^ ...................... , , ie Fa
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X _Preliminary Conclusions (3)

CalSil increases head loss across RMI debris beds.
- Effect of CalSil in loIs quantities is snimil (incre.dse v ithin data scatter for

RNII alone for quantities belo% approx 30 gm ft2 of screen area)
- Ho%%ever, head loss nearly doubles % itli -75 gmn'ft2 .

- LANL correlation for RMI debris bed behavioi can be adjusted to fit data
for RMI CalSil mixtures
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