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Recycling inflow(b,SS3)

Vaporization
T (o) Recycling Qutflow
Feeqing(Rt) {a,S52)
\L Fish Pond
Original inflow Residue Fish Plankton
(d,584) N (&RY) (Ft) (At)
\{ J/feces Growing
AN < (DAL N
Dead
Suspended Solids 4SS
(AADSt)
Qutflows Sedimentation TResuspension  Decomposition
fe,SS1) (ASe) L 1 (AMt) ™ (ADDL)

Sediments ASD

Fig. 1. The relationship of water flow and particle motion fluxes in fish pond.

PS: H::::]: fish and plant ss : suspended solid concentration
[:I: solid type () @ with “A’" mark means solid flux condition
— : motion path () : with no “A” mark means solid compartment

a~f : flow rate condition
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total trapping trapping solids SS condition in
tested position

solids per unit area when t=0
(mg) (ng/cm’) (ng/1)
Ej———-‘&—i)"{ hour \J Sa a SSa

EvY !

———

Sb b SSb

mz= Y hours Z=7 N hours ==
—_—

e N hours ==
Yo

[mj_____ﬂ_;t | C SSe
Lm—\—h—mﬁw s d ssd

Fig. 2. The flow chart of resuspension rate test

PS: a: mean trapping solids per unit area after M hours with a beehive type type
(mg/cm?) = (Sa-SSa*Vi/A

b: mean trapping solids per unit area after M+N hours with a bechive type trap
(mg/cm?) = (Sb—SSp*Va)/A

c: mean trapping solids per unit area after N hours with a bechive type trap (mg/cm?)
= (Sc—SSc*V3)/A

d: mean trapping solids per unit area after N hours with a no beehive type trap
(mg/cm?) = (Sd—SSd*V.4)/A

A trap mouth area (cm2)
Vi trap volume (1)
Sa~S8d: mean trapping solids with three traps (mg)

T1~T4:four sets traps, every set used 3 traps on a stand.
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Table 1. Structures and managements of two tested ponds.

Place Private eel culture in Lu-Kan
Culture fish Aguilla japonica Anguilla rostrata
Fishpond |L *W , m 50.9%45.8 37.3%10.5
Area , m? 2332 392
Depth , m 0.6-1.20 0.6-1.07
Mean Depth , m 1.0 0.87

Structure and material

Concrete wall and soil base

Pump

Four paddlewheel (1 HP)

One paddlewheel (1 HP)

Water environmental
management

Just put in evaporated water everyday,

no cleaning pond

within testing period.

Culture period

e 83.8.16 culture meddium
size

e 84.2.19 get large size

e Culture 187 days.

e 83.8.22 culture little size
* 83.11.2 size sclect,
change water

e cullurc 72 days

Culture Picces * 83/8/16 culture 722kg, ® 83/8/23 culture 83kg,
tot. weight 18.5~20 picces per kg. about 8547 picces, 6~Tg
e 83/9/10 culture add 140.8 per piece.
kg, 12.4 ~20 piece per kg, e 83/8/26 about 90kg in pond.
about 1806 pieces. * 83/10/28 about 168kg in pond.
e 84/2/19 get 2332kg, e 83/11/2 get 176kg,
14382 picces. about 7942 pieces.
Feeding Time Onc time per day 83/8 two times per day
per day 83/10 onc time per day
Foods About 6% fish weights
Type arrange
Tot. feeding foods within 3004kg 273.6kg
a culture
Tot. increase weight 1469.2kg 93kg
within a culture
Living rate 92.7% 95.5%
Feeding efficiency 2.045 2.874

Culture density

0.37 ~1.0kg/m?

0.24 ~0.52kg/m?

Growth rate 3.37g/m?/day 3.30g/m?/day
Used water per increased 6.248m¥kg 6.162m3/kg
weight

Tested period 83/8/26-28 83/8/26-28

83/10/26-28
84/1/22-24

83/10/26-28
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Table 2. Distribution of sediments and suspended solids

233

. Pond Anguilla japonica pond Anguilla rostrata pond
in the in the in the in the -in the
Tested time beginning of middle before of | beginning of [before of size
(within one culture) a culture size select a culture sclect
83/8/26 83/10/26 84/1/22 83/8/27 83/10/26
Range, mg/1 4.0~22.8 |68.8~153.6 — 6.4~11.2 | 14.6~25.2
SS
distribution | Mean, mg/1 12.06 99.87 — 8.00 19.45
SD, mg/1(%) | 5.38 (44) 23.08 (23) — 1.4 (18) 4.5 (23)
Range, cm 0~13.0 0~15.0 0~19.5 0~2.0 1.5~3.5
Scdiment
thick Mcan, cm 5.44 6.65 8.18 1.20 2.25
distribution
SD, cm(%) 3.44 (63) 6.03 (90) 3.98 (48) 0.48 (42) 0.78 (34)
Flow speed | Range, The lower course ncar a poddlewheel:
distribution | cm/sec. <22 the great part: <10
Tested data no. 23 19 24 10 10

PS: 1. SD: standard diveration.

2. Tested point: ss was tested at 50cm below of the surface, flow velocity was tested at 20cm and 70cm

befow of the surface.

3. Mecan ss and sediment thick distribution were calculated by arca division from tested points.

Table 3. Flux of suspended solids

Pond Anguilla japonica pond Anguilla rostrata pond

Tested In the In the In the before | In the In the

time (within a beginning middle of the size begining before of

culture) select size select
83/8/27-28 83/10/27-28 84/1/23-24 83/8/27-28 83/10/27-28

Range, mg/l 16.8~47.8 55.05~106.4| 57.2~122.0 5.8~156 10.0~25.2

Mean, mg/1 24.41 80.73 80.36 10.28 18.60

SD, mg/1(%) 8.31 (34) 14.55 (18) 20.22 (25) 2.6 (24) 3.5 (19)

(within 2 days) 03] (2 M () (D 2 (D @ (H )

30 minutes 19.4 | 20.6 | 65.6 | 62.6 | 584 | 62.0 7.4 10.7 182 | 22.4

before a feeding ! l | | | | ! | | |
204 | 47.8 | 73.6 | 106.4 | 122.0 | 106.0 | 10.7 14.2 | 21.0 | 25.2

1 hr after a

feeding

Data no. 4 4 7 7 7 6 6 6 7 7

PS: 1. The flux tcst point was choiced to Im lower of the
2. The flux was tested at any two days.

feeding place.
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Table 4. The sedimentation flux and creation of solids in Anguilla japonica pond.

increase Solid in-
. Sedimentation Resuspen- | (-+), decom-| creases per
Within a stion rate position fish growth .
/m?
culture m(teSlf “;,/)hr sedi%/day | (=) rate |weight within| *PPIendix
period > " (SD, %) | SS% day a culture
1st day | 2nd day (SD, %) ke/kg
B.
11.38 16.51
C. | N B.M.
17 20
- un @) . Feeding at
8/3 T | L | 808 | 1808 +1.26 dAaM 8 per
. a0 1) ©) Y
25.50 . .
/ AM 12.75 17.29 —1.47 . Fish weights
26 | D. o 32) (74) D in pond:
| 862.8 kg
28 14.27
T M -
- ? 3D
e (for resi- -
M. N BM 97.80 39.71 ducs) . Feeding at
C. : 15) ©) AM 8 per
1.045
- day
83 45.60 | 37.15 +2.94
T. | LM ’ ) e (for other
/ : 1.7
10 (13) ©) 1 0 o particles
beside
/ -0.
21D, | AM 48.17 | 93.86 ®) (01 )09 rosiducs)
1 “ ©) 1222
28
T PM 45.28 51.62 e (be calcu-
@ (46) lated)
(S: N | gy | 3783 | 77.07 . Feeding at
@D ® AM 8 per
on +0.52 day
8/4 T. | LM 1(2';)1 2354 6.56 @)
1 . Fish weight
b, | am | 1050 | 1217 (8) ~4.48 in pond:
2 ’ o (25) ©) “) 2078 kg
}
36.90 19.24
24 P.M.
_ T. )] (5)

PS: 1. Four paddlewheel were managed at a day: 7:30 ~ 12:30 all closed, 12:30~ 17:30 half opened, 17:30 ~7:30 all

opened.

2. Tested point: Im lower of the feeding position.

3. B.C.: in the beginning of a culturc, M.C.: in the middle of a culture, S.C.: in the before of a size sclect.
N.T.: night time (18:00 ~7:30), D.T.: day time (7:30 ~ 18:00), B.M.: before midnight (18:00~23:00), L.M.:
last half midnight (23:00~7:30), A.M.: (7:30 ~ 12:30), P.M.: (12:30 ~ 18:00)
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and creation of solids in Anguilla rostrata pond.

increase Solid in-
| Stmaion | R ) | e e
Within a rate g/m?/hr . a position . & oy Applendix
culture SD, %) sedi%/day | (—) rate |weight within
period > (8D, %) SS% day a culture
L,
1st day | 2nd day (5D, %) ke/ke
12.1 14.
B.M 2 7 . Feeding at
CINEY T o | ©o
AM 8 and
83 PM 5 per
o L M. 10.8 9.6 +29.9 day
g . © S 13 . Little size
11.
/ 79 6.9 1 cel culture.
AM. —16.9 * (for resi- . Fish weights
26 | D. 13) O (28) dues) .
1 in pond:
- 1.942 90 kg
28 P.M. ) —
T. g
- ® e (for other
particles
10.20 14.25 .
N. B.M. beside . Feeding at
C. M &) residucs)
AM 8 per
+54.3 0.375 day
83 LM 17.22 9.52
/ T. i 0 14.6 6) . Middle size
an (10) * (be calcu-
10 eel culture.
/ 19.07 28.61 an —29.9 lated) . Fish weights
D | AM. ) ' () in pond:
26 ) ©) ®
| 168 kg.
28 T P.M. 7.20 8.08
- ) 8 (13)

PS: 1. Onc paddicwheel were managed at a day: 7:30~16:00 closed, 16:00~7:30 opened.
2. Tested point: 2m lower of the feeding position.
3. B.C., S.C., D.T., N.T., BM., L M. means the same with Table 4 PS 3.
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Working at JAN A

pond

O+
O+

Time, hr: 7 8 9 10 11 12 13 14 15 1§ 17 18

< > |

daytime

e O

Working at A
:+
pond

O+
O+
S+

Time, hr: 19 20 21 22 23 24 1 2 3 4 5 6 7

yd N ]
N7 ‘ 7
nighttime

Fig. 3. The flux tests working at one day

PS: At Feeding time
® : Pumping time
( O : no pumping, O : half pumping, @ : all pumping)
+ ¢ Sampling time (for SS concentration variation rate tests)
& ¢ Trapping time (for sedimentation rate tests)
* :© Trapping time (for resuspension rate tests)
€ : Decomposition time

(for particles decomposition rate and plankton growth rate tests)
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Fig. 4. Schematic presentation of pond structure on the Anguilla Japonica.
M« : distribution test position * "A, : flux test position °
F¢<—, : paddlewheel

e * * o
- = ! (
. s
| |
I -
z! i
Rl
é.l . Y 14
| | -
l | } alr—
l bl . 1. *» » -
! 17.3.m |
{‘ﬁ N - ' ' . .
" feeding position

Fig. 5. Schematic presentation of pond structure on the Anguilla rostrata.
e distribution test position » "TA, @ flux test position >
F¢, : paddlewheel
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pond. (1994.8.26.1st tested).

Japonica pond. (1994.10.26.2nd tested)

-

. _DL.V_LLLJFPW )
i e 1 b4 9 9 Y

Fig. 7. The equal sediments depth distribution diagram of the An

Fig. 6. The equal sediments distribution diagram of the An
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Fig. 8. The equal sediments depth distribution diagram of the Anguilla

(unit:mg/1)

Fig. 9. The equal suspended solids concentration distribution diagram of
the Anguilla japonica pond. (1994.8.27.1st tested)
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Fig. 10. The equal suspended solids concentration distribution diagram of

the Anguilla japonica pond. (1994.10.26.2nd tested).
(unit:mg/1)
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Fig. 11.  The equal suspended solids concentration distribution diagram of

the Anguilla japonica pond. (1994.8.27.1st tested).
(unit:mg/1)
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Fig. 12. The equal suspended solids concentration distribution diagram of
the Anguilla rostrata pond. (1994.10.26.2nd tested).
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Fig. 13. The flow velocity distribution diagram of the Anguilla japonica
pond.(1994.8.26.test)
(unit:cm/s), all pumping condition.



242

Q::::_‘/ﬁ/a

"

@ (

//::::.E/:_:__

£

a7

34

31

27

24

=121

183

m

Fig. 14. The flow velocity distribution diagram of the Anguilla rostrata

pond. (1994.8.26.test)
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The Motion and Modeling of Contaminated Solids in
Eel Pond — I. Solid Compartments and Creation Fluxes

Wen-Shang Hou
(Received September, 25, 1995; Accepted June 7, 1996)

The purpose of this study was to characterize and modeling the relationship bet-
ween the water environmental managements and contaminated solid fluxes for an Anguilla
japonica and an Anguilla rostrata culture pond. A measuring technique was also presented
to determine the solid fluxes on these two ponds. Experimental designs included mass
distribution and flux tests in this study. The mass distribution tests based upon the rela-
tions among water mass balance, flow rate, sediments and suspended solid concentra-
tions to locate the reference positions for flux tests. The flux tests investigated the solids
change rates and its moving rates of the sedimentation, decomposition and resuspen-
sion in day/night and before/after the feeding within two days testing interval, and three
repeats on Anguilla japonica pond, two repeats on Anguilla rostrata pond were tested
within the same culture period included summer and winter. The water consumption,
weight increased, and feeding rate were also investigated. The results showed that the
difference of the particle concentration flux was 1.5 to 2.5 times before and after a
feeding on two ponds, so it was clearly found that the particles included suspended
solid and sediment increased on these ponds. The particles are mostly residues and feces.
The decomposition rate of solids was only 0.1 ~ 4.5% / day on Anguilla japonica
pond, but it was 17 ~ 30% / day on Anguilla rostrata pond. The modeling of materials
motion and its measure technique methods could be used to reveal the real state of
the contaminated solids flux on any fish pond.

Key words: Contaminated solid, Eel pond, Sedimentation, Decomposition, Resuspension.

Department of Agricultural Engineering, National Taiwan University, Taipei 106, Taiwan.





