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density of the peel
area of the pasl

thickness of the peal

drag coefficient for paint peal motion iun vertical
direction

drag coefficlent for palat peal motion in horizontal
direction

confficlent to account for the 1lift forces on paint
peal motion

density of water
pool water wvelocity

peaint peel vartical valocity

paint peel horizontal walocity

Thess squations (1 ) and(2 ) are numerically solved for paint pesl horizontal

and vertical terminal valocities, The vesults have been plotted on Pigure 7.

An angle of rero would result 1o the longest vertical travel time. The farthast

horizountal travel occurs at the angle for which the value of the multiplicacion
of the horizental valocity and the vercical travel time is the largest . A5 seen
from Pigwre 7, the longest travel time ocours at & ssall angle, However, the
squations used to model the palat pesl fall are loappropriate at smgles near zero
and pinety degress since boundary layer (fects on drag have been ignored in the
squations. Consequently, results at snglas greaater thao 85° and less than 5°

are not consldered te be representative of sctual conditions. Despite thase
ssmmption Jroblems, the average horizontal travel distance for say paiat peel

gan be caleulated to fall batwesn 212 and 14 feet using the information presented
n Plgurse 7,
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Figure 6

Paint Peel Force Model
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The vsaction at the metal surface sguals 1051.3x0.3, or 315.4 1Ibf,
Assuming a coefficlent of frictiom of 0.1, the frictional force equals
31.54 1bf. The peel of ares 1 fr> ané thickness 0.03" weighs 0.2 1bf.

Hence, the peel would indeed cling to ths surface of the screen verti-
cally.

Using Pig. 4, Consideration will be given to a vertical peel strikiag the
water surface at a horizontal dis roce of x ¥r, from the trash rack. It
will be conservatively assumed tha: the incident velocity eguals zero.

Since the drag on a vertically descending paint peel is small and negligible,
the time t taken by the peel to £fall through a distance of 16.875" 1a given
by M |tz » 16.875 and is found to be 1.02 secs. While the peel descends var-
ricaly, it would be tramsported to the screen by the velocity of the water.
The water velocity is 0.161 ft/sec at the screes and it reduces with distance.
It 4s conservatively assumed that the weter wvelocity is a constant equal to
0.161 £ft/sec and that the peel is transported without slip. The distacce x
is then egual to 0.161 t which is about 2" with t equal to 1.02 secs. Thus,
the paint peels incident wltit!.n 2 inches of the trash rack could be erpected
to clog the screen vortleilly.

Estimacion of the Average Horizontal distapce traveled by the Paint peels inci-
dent on the surface of the water at different angles:

Pigurs 6 illustrates & paint peel at an angle 8 to the horizental moving
under water. The weight mg acts vertically dovowards., The peel would fall
down under the influence of mg opposed by drag and serofoil type of 1ift
forces. The ‘equations of motion in the vertical and borizoncal directions

reapectively are:

o %‘é— - -.-c—?"- O' ACos? Uz 1)
" .
" -3{- - -&i'* A Cosd 0% - -%“ 0 AS1a8 (v=v ) y-v | (2)

Where, & » mass of the peel = Atup. and
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Fable 11

No Vol. of paint Vol. of debris Total Percentage Percentage \p, across
blocking the blocking the blocked screen screen trash rack,
screen, ft’ screen, ft ) depth, ft, blocked by blocked by ft of water

debris debris and
paint
] 1049.6 3125 4.175 50 H6 .8 0.025
A Y
1 2 1049.6 4541 5.59 72.6 89.5 0.25
} 1049.6 4967.7 6.02 79.5 96. 3 ' 0
4 1049.6 5053.4 6.10 R0O.8 97.6 Ml
A}
Note: Percentage screen blocked (depth ol creen blocked x 100/6,25)
Packing ratio for the paint 1.0




calculated. The pump performaice would be adjudged not affected if this
pressure drop were much less than the suction head of rhe pump (8'8"),
The results for a packing ratio of 1.0 could be found in Table II1. It
is seen that the ;ump performance would be affected when the screen is
blocked 90% and over. It was assumed in Case 1 of Table 11, that half
the depth of the screen is blocked bv debris other than paint, and the
total quantity of paint, 1049.6 fc3. was assumed to stack on top of it.
In cases 2 to 4, the volume of debris other than paint, was increased
beyond the value in Case 1. It is seen with these assumptions that

the pump performance would be affected when debris in excess of ahout
4000 ft3 collected and the total quantity of the paint peels fill the

space around the trash racks.

Realistically water will be trapped between the paint peels with the result-

ing packing fraction less than 1.0. Two least probable configurations for

packing of the paint peels exist. As illustrated on Figure 3 they are:

(1) All peels packed tightly together with no water space between them.

(2) All peels packed in an alternate fashion to allow maximum amount of
water between peels.

The first case represents a packing ratio of one where packing ratio is

defined as the ratio of the volume of paint to the total water and paint

volume. The second extreme represents a packing ratio of 0.5. The distri-

bution of paint peels in the pool of water is a random process; therefore,

it is appropriate to define the average packing of the peels as equal to

the mean value of the two extreme cases. Consequently, it is appropriate

to use 0.75 as the average mean packing ratio for the accumulated paint

in the sump. Assuming water viscous effects would not appreciably affect

the paint packing ratio, a packing ratio of 0.75 has been considered to

obtain the pressure drop results in Table III. For conservatism no flow

was assumed possible through the spaces in the occupied region. Even with

this lower value of paint packing ratio, the conclusion regarding pump

performance remains unchanged. That is the pump performance would be

affected only if the total quantity of paint and debris in excess of 4000 ft3

accunulate around the trash racks.

The spacing between paint peels is inversely proportional to the pack=-

ing ratio. The average distance between stacked paint peels



uopjeandyjuo) dupqoey (o994 wiey

L ddNO1A

ONIOVd LNIVd %001 ONINIOVd LNIVd %0S

> > >

S S > o > e
P P ” T oy > 7
Lok P ’. . 'y A L L L gl L L |
P ry 27, > > > P oo o3 L rd a0
’ V.~ A P e N - s ]
gl - s \1;\\ VH v\v‘\ > ] i ‘*\\QJL \\\‘\V\V adlf
’ . >’ 7 3 ’ \& ’ S
% G2 7 7 M2
i \w\\v SO IVIII L L > . \.\\ - o
g P 5 \ ” 2 7“7 \\ L,
A7, 7 7z vz Z4de 72 7 7Z




Volume

ol

paint

b1lod king the

creen,

1049,

ft

|

Volume o
blocking

screen,

Note:

f debris
the
fe?

Percentage

Packing

ratio

Total

blocke

~1"[‘| h,

for

d
£,

"](N\LI'VT

the paint

Perc entage
screen
blocked by
lebris

(('l"’l h of

Percentagpe
screen
blocked by
debris and
paint







sumed here tl ¢ / is

Details o his
'Or conservat
was added t

ticking




They would ultimately tend to align themselves with the stream lines.

It was estimated that the peels :t an average distance of 24 ft from the
screen could be transported to the vicinity of the sur ace of the screen.
Details of the estimation can be found at the end of this section. This
distance corresponds to an area about 922 ftz surrounding one operating
trash rack. 1If all the containment paint peels block the trash rack in
addition to the already blocked depth of 4.025"' with a racking ratio of
one and no flow assumed through the paint, a further height of 1.14'
would be blocked, leaving a height of 1.08" for flow. The pressure loss
would be equal to 0.09', corresponding to a blockage of about 837,

Thus the pump performance would not be affected. The blockage of

the trash rack occurs due to two processes: (1) peels sticking verticallv
which will be called adhesion and (3) peels accumulating in the surround-
ing volume which will be called accumulation. If the entire paint blocked
height due to paint peel adhesions and accumulation were made available
to paint accunulation,for the 4.025' blocked height, a packing ratio of
0.56 would result which is close to the lower limit packing ratio. Thus
the conservatism of the above assumptions is justified. Additionally,
calculations indicate that the flow velocity on top of the paint is
insufficient to lift it due to a venturi effect.

Estimation of the distance 2" from the surface of the trash rack, for

vertically clogging peels
Referring to Fig. 4, the trash rack has a height of 6.25'. Half this

depth, equal to 3.125', is assumed filled with debris. The flood water
level is assumed to b» 20' above the base of the trash rack or 16.875'
above the surface of the debris. The hydrostatic pressure due to this
head of water equals 1051.3 lbflftz. Referring to Fig. 5, showing a
peel pressed against a typical grid, a unit grid area of 1 ftz can be
considered. Since the blockage factor is 0.7, the metal area is 0.3 ftz'

and the balance 0.7 ftz'il flow area. The hydrostatic pressure will tend

to hold the peel against the screen. The metal area would offer a reaction.
The weight of the peel would tend to pull it down against the frictional
force offered by the bearing surface. If the frictional force were higher

than the weight, the peel would cling to the surface of the screen verticallvy.
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Figure 4

Trash Rack Elevation View
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METAL 7
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FLOW
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PAINT PEEL
WEIGHT mg

Figure 5

Paint Peel Adhesion to the
Trash Rack Screens
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The reaction at the metal surface equals 1051.3x0.3, or 315.4 1bf.

Assuming a coefficient of friction of 0.1, the frictional force equals
’ 4

31.54 1bf. The peel of area 1 ft~ and thickness 0.03" weighs 0.2 Ibf,

Hence, the peel would indeed cling to the surface cf the screen verticallv.

Using Fig. 4, Consideration will be given to a vertical peel strikin: the water

surface at a horizontal distance of x from the trash rack. It will be con-
servatively assumed that the incident velocity equals zero. Since the drag
on a vertically descending paint peel is small and negligible, the time t
taken by the peel to fall through a distance of 16.875' is given bv % gt' =
16.875 and is found to be 1.02 sec. While the peel descends vertically, it
would be transported to the screen by the velocity of the water. The water
velocity is 0.161 ft/sec at the screen and it reduces with distance. It is
conservatively assumed that the water velocity is a constant equal to 0.161
ft/sec and that the peel is triasported without slip. The distance x is
then equal to 0.161 t which is about 2" with t equal to 1.02 secs. Thus,
the paint peels incident within 2 inches of the trash rack could be expected
to clog the screen vertically.

Estimation of the distance of 24' from the trash rack regarding peels

incident on the surface of the water at different angles:

Figure 6 illustrates a pairt peel at an angle & to the vertical moving
under water. The weight mg acts vertically downwards. The reaction R

acts normal to the surface. The peel would fall down under the influence
of mg opposed by R SinS; at the same time, the component R cos £ would tend
to push the peels towards the trash rack subject to drag in the horizontal

direction. The equation of motion in the vertical and horizontal directions

are:
du
m 3t mg « R Sin &
= = 2 & e
mg CD/z u® A cos ¢ e
dv Cos 8 = € /> 50 2
L R Cos & = o ° A Sin 8% (vevg)

Where, m = mass of the peel = ‘p Aw

-15-



R Cos 6

R Sin 8

Figure 6

Paint Peel Force Model




©_ = density of the peel

A = Area of the peel

w = Thickness of the peel
CD = drag coefficient
e = density of water

v = pool water velocity

The vertical terminal velocity for any angle 6 is obtained by setting
du

® =4t equal to zero. An angle of zero would result in the longest verti-
cal travel time. This furthest horizontal tragel occurs at the angle for
which the value of the multiplication of the horizontal velocity and the
vertical travel time is largest. As seen from Figure 7, the longest travel
time occurs at a small angle. However, the equations used to model the paint
peel fall are inaccurate at angles near zero and ninety degrees since boundary
layer effects on drag have been ignored in the equations. Consequently, re-
sults at angles greater than 85° and less than 5° are not considered to be
representative of actual conditions. Despite these assumption problems, the
average horizontal travel distance for any paint peel can be calculated to

fall betwe: 1 22 and 24 feet using the information presented in Figure 7.
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4. Conclusion

It is estimated that the performance of the ECCS puar. would nos b
adversely atfected, if the trash racks were blockes £3° or lese. e

pressure loss across the trash rack due to a blockaze of 83" is rmuch

less than the normal suction head of the pump. Such a blocking limit
3
would be reached if (1) debris exceeding about 4000 £t~ Fill the

i Space

around the trash racks, in addition to the total quantity of paint fill-
ing the same space with a packing ratio of 0.750r, (2) if the entire
quantity of paint fills the Space around one trash rack with some o°

the paint peels clogging the screen vertically. in addition to debris
covering half the trash rack depth. Since the accumulation of all the
paint inside containment plus the assumption of having half the tras-

racks blocked with debris is insufficient tc exceed 83% blockage, ECCS

performance is not considered capable of being affected by trash rack
clogging.
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1.0 PURPQSE OF STUDY

The purpose of the hydroulic mode! studies was to tes* a~2 mod éy, if necesszry,
the Recircuigtion Contcinment Sumps anc intokes of *ne Comenche Peck Stea~ Ejectr ¢
Station, Units | anc 2, anc demonstrate that the gccenter design wouls not De sub ez* to
vortices or other hydroulic phenomenc that would degrote the'r performance or procuce
odverse effects on the ECCS pumps. The tests cisc mecsurec o~ intoke heasioss for egc-
intoke tc demonstrate that intoke head |osses were within the desio vaiuve for the plont,
end measured heac losses 0Cross trash rocks onc screens. '

A2
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2.0 INTRODUCTION

The U.S. Nuclear Reguiatory Commission in Reguictory Guide 1.7% states thet "~
comprehensive preoperctional test program on the Emergency Core Cooling Syster o~<
its components shoulc be performed to provide assurcnce thct EZCS will occomplish its
infended function when required”. Furthermore, "the (sreoperctionc!) testing shoull
include taking suction from the sump to verify vortex control ond gcceptalie pressure
drops ocross trash rock with screens and in volved suction lines", and "the testing shouic
verify thct the cvcilcble net positive suction heaod is grecter thaon thot requirec c*
occident temperature.”

A satisfoctory in-plant test of the Comanche Peok Stec~ Electric Stotiom Units |
and 2 was not feasible due to logistical probiems of flooding the containment anc the lacx
of access to the sump for observation 1o ensure proper vortex control.

The alternative, as presented in this report, was to construct and test models of
the sumps and intokes to verify vortex control and to determine the headinsses gssociated
with the trash rack, screens and pipe inlets.

Tests for the Comanche Peck Units | and 2 recirculating intokes were corriec out
on o |:| sccie mode! of ¢ pair of 16 inch digmeter intaxes anc their containment sumc 7 <
trash rock structure ot flows rotes grecter than maximum pestulctec vaiues anc ¢t woter
depths equivcient to the minimum pestuicted jevels. The containment gecmetry onc cll
significont items in the vicinity of the frash rock were aiso modelled. Mode! tests
undertaken for the Daovis Besse, J. M. Farley, ANO-2, Son Onofre, Midianc anc Paio
Verge nuclear plants have gemonstirated the effectiveness of o suitadly-placec greting
coge ir. preventing the development of adverse flow conditions which couic jead to
degroding effects an pump performance. The effecti. eness of o similer greting coge on
the Comanche Peak Units | and 2 intokes was demonstrated during these tests.

The rotionole for the test progrom is presentec in this repor? together w.f" C
description of the intckes, © discussion of effects which could degroce pump perfor-
monce, o description of the test focility, the testing progrem, tes! results anc
conclusions.




3.0  SUMMARY AND CONCLUSIONS

3.1 The recirculation intaxes for Comanche Peak Units
scale mode! of ¢ pair of intakes and their sump anC tras”

under the following cond'tions:

Postulated For
Plant LOCA

f“" as lag WC’C.’ Oe:o—

above sump floor g 8"

Mcx flow=-one intaoke opercting 7,200 (CS)
5,300 (R~R)

Max flow=-both intakes operating

Water temperature F

Intake pipe Reynolas No.

Blockoge of screen arec, percent

3.2 The results of the tests on the single sump are amlicable to all four sumps (twe

eoch in Units | and 2) because of their similar geometry, flow rotes and depths of

submergence.

The differences between 112

1) The trash rock frame on train A sump in each unit s of heavier cons*ry
than that on train B sump. There are interncl braoces on the trgin A sung frost
bl

rocks which reguce effective screen Qreaq, onc hence increcse Qdprooc™ oOw

velocities. In oddition these broces are @ potenticl source of flow disturdonce.




The ftrash rocks on ftrain A sumps are alsc g
asymmetrical. Trash racks on trgin 8 sumps are symmetrice
through the center pair of columns of the trash rack.

The model configuration is that of
contaginment arec in Unit 2. This is o mirror image of, anc

to, the train A sump in Unit |. This mode) configuration was

the optimum arrangement within the test facility for testing onc ocserva-

tion covid be gttained;

the trash rock is smaller with hegvier gn¢ more numeroJs sUpDoO™ mMme™mdDers.

and thus more likely to genergte poor hydraulic conditions within the sump.

Foliowing the completion of tests on trgin A sump, the contginment grec ocjace~:
to train B sump was modelled, retaining the more conservctive tragin A sump trash rocx.
A series of sensitivity tests was carried out to establish any effects due to these changes
Further sensitivity tests were carried out by placing ¢ superfluous 6 in. H<decm in th

vicinity of the sump to delinecte the effect, if any, of additional structurc! members.

3.3 Severe cavitction occurred at the iip of each intaxe when testec with the originc

. .
his cavitction wes

design, ie with the intoke pipe cut =*f at 56° to the pipe axis.

eliminated by adding a 20° cone to each intake. (See Section 2.2.2 and Figure 10).

3.4 The tests showed that without the groting coge in piace, gir-entraining free
surface vortices as well as vortices originating from the sump walls occurrec even withou*
trash rock blockoge. Large free-surfoce vortices could aiso be produced by various
combinations of screen blockoges. Nc vortices deveiopec under any tested concitions

when the intake was protected by a suitcbie grating cage.

3.5 The trash rack and screen joss was found to be less ther

total discharge of 12,500 gpm.

3.6 The maoximum intoxe head loss coefficient measured with the grating co

percent blockoge corresponded to ¢ loss of 0.52 ft for ¢ prototype d




— ————————

e —————

3.7 A separate series of tests under g variety of 50% blockoge conditions, desiznes to

estanlish the mean intake loss coefficient and the 95 percent confidence interval, can be
summarized as:

Prototype flow rcte 95% Confidence Limits
gpm 50% biocxoge
Intake | 5,300 . 0.153 $1 < heac loss <0.!75 f¢
Intake 2 7,200 0.102 1t < head loss <0.125 f1
Trash rack and 12,500 0.011 ft < heod loss <C.2! i f1

screens

3.8 The sensitivity tests showed thet no significant efiect on head losses or voriex
action occurred with @ substantially cltered conteinment configurction or the inciusion of
¢ superfluous structural member,

7.9 The effectiveness of the grating cage in providing vortex control wes
demonstrated repectediy.
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DESCRIPTION OF CONTAINMENT SUMPS AND INTAKES

it o ’;e:‘--\an ,-3.-0——.5 two re~ r~ —— el T
) - - “ Ce . @

-~
IR ! - -~ Ve - -

of the Coman

the west side of the building. The sump corfiguration of 2 o forth.

2

mirror-imoge of thet of Unit

Each sump is 5'S" in width and 6'0" deep, ond subtends
contgcinment centerline. The side walls of al! four sumps are arcs wi!

7

60’ 4", anc the enc walls are radial to these arcs.

on the outer weil of each su=~z.
s of symmetry. Une intake in egzr
pumps and the other supplies the RHR pumps. These intakes draw 7

respectively, However the intokes themselves are identical.

The trash rocks are asymmetrically locoted with respect to the surmas, anc their
construction differs between the two sumps in eoch unit. The trash racks on troin A

SUMPS CCrry pipe supports anc seismic restraints, and hove odcditional interral brocin

The spacing of the columns is also asymmetriccl on these trash racks. Tras™ racks on the

train B sumps ore lighter in construction and have columns regularly spaced ot intervals of
7930,

The frash rock bars and cocrse screens are mounted in fremes made of stee! ¢=
anc these in turn gre bolted to the outer foces of the tras~ reck colu
screens gre mountec in separcte fromes cf steel angle anc fig?

flonges extencing from the central web of each column,

The trash rack bars are 5/16" diameter, ot 4-5/16" O.C. Due to manufacturing one
supply problems, o number of chonges were mode to screen specificetions during

construction of both made! anc prototype. These are refiectec in the foliowing table:




Specified

8y Client

Trash rack Supplier

Test Mode!

COARSE SCREEN

500 in. Sq. Openings
105 in. Diac. Wire
68.2% Open Arec

2 Mesh

14 GA. Wire

420 in. Wide Openings
70% Open Area

500 in, Sq. Openings
108 in, Dig. Wire
68.3% Open Arec

FINE SCREEN

7 Mesh
u::g g™ ch. W’j'e
J2% in. Wide Openings

Te.! ® Open Arec

7 Mesh

028 in. Dig. Wire
J15 in, Wige :)pe"-‘.;g
64.6% CJpen Arec

7 Mesh

Q28 in. Dig. Nire
J158 in, Wice Openings
64.6% Open Ares

Since most of the screen heod lcsses occur QCross the fine screen, the siigh!?
difference in coarse screen size is mot expected to be significant. In any case, this

difference on the mode! will tend towards more conserval ive estimates of screen losses,

WCHL constructed its trash racks with the horizontal bars laic over the top of the
vertical bars. On the prototype trash racks, the supplier interwove these Dars. This
difference is not significant in terms of the validity of test resuits.







Estimation of the Packing Ratio Unde: Static Conditions

By considering the accumulation of an ideal uniform stack of paint peels
with a packing ratio of one without separation and an average thickness
t=0.03", 400 peels would exist in a one foot depth. In reality however,
molecular forces will result in producing a separation between the peels,
varying with the depth of water and weight of peels above the point of con-
sideration. If the number of peels from the surface of the water to a
particular depth is defined as n, the downward force (F) on the water at the
considered depth could be computed as the difference between the weight of

the peels and the buoyancy on the peels.

The area of a peel of width b and depth d is, A = bd. Therefore, the resultant
force is:

F=n AtD - fA ¢t C
p w

=nAt (op - ov)

The pressure due to this force is computed by F/A = nt (cp-ow). Since the
fluid is assumed static, the pressure is the same in all directions. The
resultant force in the horizontal direction is equal to nt (op- e)T d for
a gmall separation (r).

This force is balanced by the molecular surface forces between the water and
the peel which decrease with increasing separation r. These forces act on the
two bounding paint surfaces. These surface fcrces are expressed in units of
force per unit length 0. In FPS units, 0 will have the dimensions of 1lbf/ft.
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Figure B.1

Separation Vs. No. of Peels

> = 0.0049 1bf/ft.
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