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Abstract : Screening performance of the existing intake screens (drum and travelling screen) on mass
impingement of marine animals, a euphausiid, Euphausia pacifica and a scyphozoan medusae, Aurelia
aurita that have often clogged intake screens of the Uljin Nuclear Power Plant, was tested. The maximum
tolerable densities of marine animals in the inflowing seawater upon the screen were estimated with two
different approaches. First, the maximum density of jellyfish was calculated from (1) passing amount of
seawater per unit time through the screens and (2) the covered area of animals on the screens clogged. The
maximum density of krill tolerable in the drum screen was cited from a simulated record of Uljin NPP, then
those in the travelling screens were also calculated using the data of drum screen and ratio of seawater
amount passing through the screens under the condition of 0.5 m water column (W.C.) of the differential
pressure (4P) produced by screens, an established permissible limit of AP. Secondly, the screening
performances were also tested by hydrodynamic measurements with various screen models in a circulating
water channel equipped with a speed-controlling pump and a differential pressure gauge. From the first
approach, the maximum tolerable densities of drum and travelling screen were calculated as 2.0 and 1.5 ind/
m® for the jellyfish and 900 and 680 ind/m” for the euphausiid, respectively. These densities estimated from
the second approach were 2.1 and 0.8 ind/m” for the jellyfish and 1059 and 504 ind/m?® for the euphausiid,
respectively. These estimates were compared with the data from historic clogging events to evaluate the
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practical performance of these intake screens. The comparisons suggest a newly improved intake-screen of
which performance should be at least seven times (approximately) better than the existing ones for the krill
and 3.2 times for the jellyfish, respectively, for preventing mass impingement, and for maintaining the
condition of the differential pressure between the screens below 0.3 m W.C.

Key words : mass impingement of marine organism, Euphausia pacifica, Aurelia aurita, intake screens,

screening performance, head loss, loss coefficient
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Fig. 1. Filtering and flowing system of cooling water

circulation in the first plant of Uljin NPP.
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Fig. 2. Three types of screens, a travelling screen of thru
flow, travelling screen of center flow and drum
screen. Dashed lines indicate the screen mesh
parts and arrows the water flow.
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Fig. 3. A circulating water channel equipped with a speed-controlling pump and a differential pressure gauge for the
hydrodynamic experiment on the screen performance.

Fig. 4. Krill (a) and jellyfish (b) clogged with experi-
mented screens in the circulating water channel
after head loss experiments.
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Fig. 5. Process of calculating the maximum permissible
density of marine animals in seawater to be
removed by the intake screens.
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Table 1. Established levels of differential pressure and operation standard of the drum screens and travelling screens

(Uljin NPP 1989).

Operating standard

Drum screen

Travelling screen

Ist level: 10 cm W.C,
2nd level: 30 cm W.C.
3rd level: 50 cm W.C.

Differential pressure
at setting level

alarming level : 40 cm W.C.

low speed rotation: 2.5 m/min. at 1st level
high speed rotation: 10 m/min. at 2nd level

Operating speed
trip: at 3rd level

low speed rotation: 3 m/min.
high speed rotation: 6 m/min.

Differential pressure
at clean state screen

actual level : 0~4 cm W.C.

designed level : Max. 8 cm W.C.
actual level : 13~20 cm W.C.

Max. allowable differential
pressure at designed level

breaking calipered rod: 2m W.C.
breaking tie rod: 1.5 m W.C.

Max.: 1 m W.C.

Trip levels of circulating pump at 50 cm W.C.

N/A
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Table 2. Passing flow rate of seawater through three types of intake screens.

Screen specification

Thru flow screen

Drum screen Center flow screen

Unit No. / No. of Equlpments

F low rate passing by screen (m’/s ’

Screen mesh size (mm)

Water passing screen area (m?)

Screen peripheral speed (m/min.)

Screen submerged length (m)

Screen submerged time (sec)

Submexged screen passmg area per sec. (m /sec)

Volume of ﬂuld passmg by um creen ama m: )

1,2/4 1,2/2 3,4/6
16025 32250 8295
3x3x10 3x3%07 25x25%07
31.5(%) 1335 52.0
3/6 2.5/10 5/ 10/ 20
7.5(%) 20 16
75 120 48
0.42

111

38,10,

Dxﬁ"erentlal pressure at setting level (cm W.C.)

) 20/30/50 25/75/250

*Including opening screen area with lower part approx. 1 m.

Aurelia auritayes W23 & 3% $-E2A travelling(thru
= center) screen® drum screen®] wire mesh(3X3 mm)
o Aded sgo2w o] d £ gt} Hd 4
9] A7, oF 150 mmz ArshE sl=e] & A7 2=
Yol Yol HEL 1.766X 1072 m?o|H, 1 m*E A3
‘:401 233% 100% =X D(clogging) 7359 3=tz
FE S6.oNAR Axtd & Stk webr] 2z 23de &
-4‘575, 2 3 S(m i m?)S AAKEE Table 28] AEE
AR 3, sstelel s Z+ 23o] 100% HAE 7
+ 1m’9 sigel 2o} e s AAFE
flow screen®llA] 1.570 A, drum screen®A] 2704, center
flow screendlA] 77042 F=AHTHTable 3).
4712543419987t ArE T Al 93,
wrlo] FAEHAY 19979 29 1974 22 3 49 2439
7ol 43 Z™(Euphausia pacifica)?] ¥ z}2t
5500-650071 3 /m>3%} 1450-155070 A /m3Q) wh, #A &
€ %< drum screen(3X3 mm mesh)9] ZthH Cg EE
& A3t 50 cm W.C. 2794 90070 A /m>e1 %t} Drum
screen2] 9007RA/m*S: 71EL2 s, 2k 23 A
F8lE Hu 2xs 99 93T 5 fAFeRRE

Table 3. Densities of krill and jellyfish in seawater under
the condition that intake screens are clogged,
which were calculated from passing amount of
seawater through the screens.

Screen Individual Individual
semeniype g Mot oot
m¥m?)  (ind/m*" (ind/m%"
Thru travelling screen 38.10 1.5 680
Drum screen 28.80 2.0 900
Center travelling screen 7.68 7.0 3375

*At 100% clogging of screen.
**At differential pressure 50 cm W.C.

24319, thru travelling screend 68070 #]/m3(900%(28.8
/38.1)), center travelling screen 337570 A /m3(900*
(28.8/7.7)°1 XK Table 3).
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Fig. 6. Relationship of krill(a) and jellyfish(b) amounts
clogged on the screens with screen loss coeffi-
cient.
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£ 2k} 504703 /md, 0.870A /mPolltt. o] Z701A drum
screen?} travelling screen®] YAV E FUSEFE 7MA
4 A% ZmojlA H]23IA drum screen®] 43%5°] travelling
screendl] Bl 28] AL ko & WM IY
o] sjut Rt} A& Fo|A] FFEH0] BT
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Table 5& =33 B3} fHo 2 RE Aeyoz 73
3 FHadvle] A FEAIE AAE o] AR
AFE HE, vz Aoy so¥sd the3 2t

- drum screen : 83} siue] RF H4¥3 Aa gho]
A5 A ghec) ofzk Egkoy, Aoz Tk
Holl o3 A7t FARNEE L 17%, = 5%
=)

- travelling screen : ¥ 3 9e] 27 A= A7 g
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87% =9).
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Table 4. Relationship of krill and jellyfish density and head loss on drum screens and travelling screens.

N . . Head loss (cm W.C.)
Screen Organism Loading density o T
10 20 30 30 40 50 100 150 200
Peripheral speed (m/min) 2.5 235 2.5 10 10 10 10 10 10
Kl Weight density (g/m®) 119 163 186 742 802 847 981 1058 111.2
SDCE::; Individual density (ind/m%) 148 204 232 928 1002 1059 1227 1323 1390
Jellvfish Weight density (z/m>) 49.0 65.8 80.8 323.0 372.1 4149 580.1 7055 810.8
ellyfis
Y Individual density (ind/m>) 0.3 0.3 0.4 1.6 1.9 2.1 2.9 3.5 4.1
Peripheral speed (m/min) 3 3 3 6 6 6 6 6 6
) Weight density (g/m?) 0.1 119 159 31.8 367 403 508 565 605
Travelling  Kirill .. N
screen Individual density (ind/m”) -1 148 198 397 459 504 635 707 757
Jellvfish Weight density (g/m>) 153 538 66.8 1337 1498 161.5 1952 213.8 226.8
ellyfis|
y Individual density (ind/m?) 0.1 0.3 03 0.7 0.8 0.8 0.1 1.1 1.1

*L: at low peripheral speed, *H: at high peripheral speed.
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Table 5. Summary on screening performance of intake
screens examined on krill and jellyfish by cal-
culation from passing amount of seawater
through the screens and hydrodypamic mea-
surement with historic clogging events.

Allowable
Analvsed load (ind/m®)
. alysed ~———
Screen Organism method 30cm 50 cm Max. load
W.C. W.C.
*
ke Atmetic - 900 i
Drum Experiment . 928 1039 . 6500 ind/m’
screen Jellvfish Arithmetic - 2 -'97.02.013
S LTI N S S R | 3
yiis Expéﬁ?;lent,:yi;l';@ AN 1550 ind/m
— — -'97.04.24
Krill Arithmetic - 680
Tmi; ell- Experxment W -~;:,f”(5‘04 : jellyfish:
& Arithmetic 15 224 indmn’

sereen  Jellyfish Lo - 201.08.10

*at high peripheral speed.
** Arithmetic calculation performed at 100% clogging of screen for
jeltyfish.

A, SAAAGRA 2N AA drum screeno] H 4
HQL w3 19973 Y KU FH(1550703 /m?, 65007
m)at 20010 S HYFQE24MA /M) Hls B
G e volmg d FHeAwrt gjFe g fdske 3
G EL AAGE HE FETE AE T AU
21 QA 2] #H49u] 7128l double thru travelling screen
&, bar screen®} drum screen ARejo] B EARWE
racking screen(bar screen + trash screen) A¥lE A, &L
A 71428 Au)ojut, 2002130 A o] FZ 19970
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