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Yuwaret Vetchagama 2007: Water Quality Investigation in the Upper Ping River by an
Application of the MIKE 11 Model. Master of Engineering (Water Resources Engineering),
Major Field: Water Resources Engineering, Department of Water Resource Engineering.

Thesis Advisor: Associate Professor Nutchanat Sriwongsitanon, Ph.D. 135 pages.

This study aims to investigate water quality parameters consisting of DO, BOD, and SS in the
Upper Ping River between gauging stations P.20 (Chiangdaow District, Chiangmai Province) and P.73
(Jomthong District, Chiangmai Province) by the applications of four modules, which are NAM, MIKE 11 HD,
MIKE 11 AD and MIKE 11 WQ, of the MIKE 11 model. For the applications of the NAM and MIKE 11 HD
modules, flood events for the year 2001, 2003 and 2005 were applied to identify suitable parameters for each
module to support usages of the MIKE 11 AD and MIKE 11 WQ modules. These two modules were
calibrated using ten values of each water quality parameter that have been collected between September, 2005
and February, 2006 at each location of the overall twelve locations along the Ping River and its downstream
tributaries. Water quality standard during this period was distinguished in Type 2 and 3. Results of each
model calibration show that the values of roughness coefficient (Manning’s n) - the MIKE 11 HD’s control
parameter - for the channel flow are between 0.030 and 0.040 and for the floodplain flow are between 0.125
and 0.150. The dispersion coefficient — the control parameter of the MIKE 11 AD - was found to be between
50 and 50-500 m2/sec. Suitable value of the control parameters of the MIKE 11 WQ include: 1) the BOD
decay coefficient, which is 0.15 day-1, 2) the maximum oxygen production by photosynthesis, which is 0.75
g 02/m2/day, 3) the oxygen consumption by respiration of plant and animal, which is 1.00 g O2/m2/day,
4) the resuspension of organic matter, which is 0.01 g O2/m2/day, 5) the sedimentation rate for organic
matter, which is 0.05 m/day, and 6) the sediment oxygen demand (SOD) at 20 degree, which is 0.20
g O02/m2/day. Calibrated and validated results of these modules have shown acceptable statistical values.
Therefore the model parameters can be applied to investigate changes of water quality in the next 20 years.
The results show that water quality in the Ping River along Muang Chiangmai District will be critical with
BOD values higher than 2.0 mg/l (Type 4). As the result, water treatment plant along this area should be

constructed before critical situation occurs.

Yunavet Vefohaﬂoma M. Sriwonst tamens 11 1 pr. ! 2007

Student’s signature Thesis Advd:)r’s signature
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111: MIKE 11 Reference Manual (1992)
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117: Chow (1959)
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2.3.1 NYUPVBWVUTIA0I MIKE 11-AD
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. AUMIABLTIDY (Continuity Equation)
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V. AUMIMIWULALLUNTNTZ18 (Advection-Dispersion Equation)
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Model Levels 1 2 3 4 5 6
State Variable

Temperature X X X X X X
Oxygen X X X X X X
Ammonia - - X X - X
Nitrate - - X X - X
BOD X X X X - -
Dissolved BOD - - - - X X
Suspended BOD - - - - X X
BOD at The Bed - - - - X X
Faecal Coliforms X X X X X X
Total Coliforms X X X X X X
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Model Levels 1 2 3 4 5 6

Process Types

Re-aeration X X X X X X
Degradation of Organic Matter
a) Immediate oxygen demand X X X X - -

b) Immediate and delayed

oxygen demand - - - - X X
Exchange with bottom/sediment - X - X X X
Nitrification - - X X - X
Denitrification - - - X - X
Die-off, Coliforms X X X X X X
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4. DO (Dissolved Oxygen)
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= =k,(c, - DO) (43)
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Mo s = 00AFIAUATAIBNIDUAD
(Saturation Concentration DO)
= 14.652+T(-0.41022+T(0.007991-0.00007774T))

Y
DO = 90n%Uaza1811 (mg/l)

T = guugil (eIrsarsed)
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e P = WAWAAYDIONFIU (g O,/m’/day)

HANAAYDIDDNFIUFIZANIINANIY

max

(g Oz/mz/day)
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= v . .
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R=R,,0{" (46)
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4) NMIYDYANYT1TDUNTY (Consumtion from Degradation of Dissolved
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5) quAAPBNYIAU (Oxygen Balance)
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i NAURRIHUAFIFA” AT
AatigunIi’ v | 1 | dszanaunmienuns 19y Tend BMINIINA0Y
and | 1 2 3 4 5
1A navuazse - - 5 7 7 X - -
(Colour,Odour and
Taste)
2. 9Nl K - i 5 5 7’ - 1A50930g U1 (Thermometer)
(Temperature) Javagiimaiudiedia
sanuilunsauag - - | 3 5-9 59 | 59 | -
A (pH)
4.90N%BUAZAY un./a. P20 il 6.0 4.0 2.0 - Azide Modification
(DO)Z/
5.117e@ (BOD) wn/a. | PSO | B 1.5 20 | 40 | - | Azide Modificationgas¥igil 20
IS v A " o
Wluna 5 Tuhaneiu
6.uunnizengulng ‘. Multiple Tube Fermentation
Lo AT
Wosuiamua . Technique
1©U/100 | P8O | F | 5,000 | 20,000 | - -
(Total Coliform
wa.
Bacteria)
7.00aREengul Y A
o IR
noalnanesy “ Multiple Tube Fermentation
18U/100 P80 il 1,000 4,000 - -
(Fecal Coliform Technique
wa.
Bateria)
8. luasa (NO3)lu
, un./a. - il 5.0 - Cadmium Reduction
nielulasu
9.1ou Tty
(NH3)1‘L!‘H‘LE3&J un./a. - il 0.5 - Distillation Nesslerization
Tulasou
10.511ea (Phenols)
un./a. - il 0.005 - Distillation,4-Amino antipyrene
1112303 (Cu) Atomic Absorption -Direct
un./a. - 5 0.1 -
Aspiration
12.umina (Ni) Atomic Absorption -Direct
un./a. - 5 0.1 -
Aspiration
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1 2 3 4 5
13409 ia (Mn) Atomic Absorption -Direct
un./a. i} 1.0 -
Aspiration
14.d89n2d (Zn) Atomic Absorption -Direct
un./a. il 1.0 -
Aspiration
15.unaigy (Cd) 0.005* Atomic Absorption -Direct
un./a. i} -
0.05%* Aspiration
a a 23
16.Iasidonytiagn
v Atomic Absorption -Direct
F1IUAUN un./a. i} 0.05 -
Aspiration
(Cr Hexavalent)
17.92072 (Pb) Atomic Absorption -Direct
un./a. i} 0.05 -
Aspiration
18.1/50N%9viNA Atomic Absorption-Cold Vapour
un./a. bil 0.002 -
(Total Hg) Technique
19.81511Y (As) Atomic Absorption -Direct
un./a. i} 0.01 -
Aspiration
20.losen Tug
un./a. il 0.005 - Pyridine-Barbituric Acid
(Cyanide)
21N UANING ST
(Radioactivity)
o AND 0.1
-mssauoan il - Gas-Chromatography
1389/4. 1.0
(Alpha)
-A139TUA 1 (Beta)
22, asaindng v
uazdaiviia
NlnaoTuNIvNA
un./a. hil 0.05 - Gas-Chromatography
(Total
Organochlorine
Pesticides)
23.94% (DDT) uan./a. il 1.0 - Gas-Chromatography
24 TipsFriaLon
. unn./a. il 0.02 - Gas-Chromatography
11 (Alpha-BHC)
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25.Aaa5U (Dieldrin) | wAn./a. - b 0.1 - Gas-Chromatography
26.9aA3U (Aldrin) uan./a. - i 0.1 - Gas-Chromatography
4
27.18Umnaesuas
wlanasdleon
. unn./a. - il 0.2 - Gas-Chromatography
laye (Heptachor &
Heptachlorepoxide)
28.10UA5Y (Endrin) Tianunsaasronyld
uan./a. - 5 AUATMIATINETOUN - Gas-Chromatography
fvua
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MPN LSN.W.L%‘H %350 Most Probable Number
3’%mimaﬂaamﬂu”lﬂmu?%’msmmgmﬁwﬁumﬁmiwﬁfumzfuﬁﬂ Standard Methods for Examination of
Water and Wastewater °4]f 3 APHA : American Public Health Association AWWA : American Water Works Association
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Sta. Date/ Time Depth | Air Temp. | Water Temp. | pH | Conductivity | DO BOD;, TC FC Turbidity | TS SS TDS TP NO,-N | NO,-N | NH,-N | TKN | Hardness
CaCo,
m. °c °c S.U. pmhos/cm | mg/L | mg/L | MPN/100 ml | MPN/100 ml NTU mg/L | mg/L mg/L | mg/L | mg/L mg/L mg/L mg/L mg/L

P10 | 3/19-26/94 - - 28.0 7.8 220 7.2 0.3 7,900 - - - 8* - 0.030 | 0.010 | 0.010 | 0.010 - -
7/22-29/94 - - 28.0 7.5 110 7.5 0.8 3,300 2,300 - - 1232%%* - ND ND 0.030 | 0.180 - -
1-2/31-16/95 1.5 - 22.0 7.2 190 8.0 0.5 54,000 35,000 16 - - - 0.080 | 0.010 | 0.020 | 0.070 - -
6/18-23/95 1.5 29.0 29.0 7.1 172 7.3 0.7 33,000 17,000 2 - 256 86 0.010 | 0.150 | 0.020 | 0.090 - -
4/28/96, 15:10 0.9 - 28.0 7.7 172 5.9 1.6 35,000 11,000 301 440 292 148 ND 0.120 | 0.090 | 0.280 - -
4/27-30/97 - - 27.5 8.0 - 5.9 2.6 22,000 16,000 - - - - - 0.250 - 0.060 - 93
Average** 27.1 7.6 173 7.0 1.1 18,152 11,922 106 440 274 117 0.040 | 0.108 | 0.034 | 0.115 - 93
Minimum 22.0 7.1 110 5.9 0.3 3,300 2,300 2 440 256 86 0.010 | 0.010 | 0.010 | 0.010 - 93
Maximum 29.0 8.0 220 8.0 2.6 54,000 35,000 301 440 292 148 0.080 | 0.250 | 0.090 | 0.280 - 93

P11 | 3/19-26/94 - - 29.0 7.7 240 7.1 1.9 3,400 - - - 8* - 0.030 | 0.030 | 0.010 | 0.020 - -
7/22-29/94 - - 27.0 7.6 220 6.3 1.6 2,300 2,300 - - 40 - 0.010 | 0.080 | 0.020 | 0.060 - -
1-2/31-16/95 1.5 - 24.0 7.7 240 7.4 0.8 35,000 24,000 31 - - - 0.020 | 0.010 | 0.040 | 0.040 - -
6/18-23/95 2.5 34.0 32.0 7.7 206 6.3 1.3 79,000 13,000 61 - 46 103 0.080 | 0.360 | 0.060 | 0.070 - 95
11/4/95,13:05 0.8 29.0 28.0 7.1 210 8.6 1.3 4,900 4,900 58 190 56 107 0.010 | 0.010 | 0.010 - 0.29 100
4/28/96, 14:30 1.0 - 29.0 7.8 188 6.2 0.5 7,900 1,700 64 204 73 131 ND 0.140 | 0.070 | 0.330 - -
12/1-3/96 - - 25.7 - - 53 0.5 16,000 1,500 - - - - - 2.53* - 0.082 - -
4/27-30/97 - - 27.0 7.8 - 5.5 2.0 28,000 22,000 - - - - - 0.380 - <0.02 - 74
8/4-7/97 - - 7.6 - 6.2 1.6 3,500 230 - - - - - 0.530 - 0.120 - 74
Average** 27.7 7.7 217 6.5 1.3 10,307 3,820 54 197 54 114 | 0.030 | 0.193 | 0.035 | 0.103 0.29 86
Minimum 24.0 7.1 188 53 0.5 2,300 230 31 190 40 103 0.010 | 0.010 | 0.010 | 0.020 0.29 74
Maximum 32.0 7.8 240 8.6 2.0 79,000 24,000 64 204 73 131 0.080 | 0.530 | 0.070 | 0.330 0.29 100
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Sta. Date/ Time Depth | Air Temp. | Water Temp. | pH | Conductivity | DO | BOD; TC FC Turbidity | TS SS TDS TP | NO;-N | NO,N |NH;-N | TKN | Hardness
CaCo,
m. °c °c S.U. pmhos/em | mg/L | mg/L | MPN/100 ml | MPN/100 ml NTU mg/L | mg/L mg/L | mg/L | mg/L mg/L mg/L mg/L mg/L

P12 | 3/19-26/94 - - 29.0 6.9 190 4.4 0.9 54,000 - - - 15 - 0.080 | 0.020 | 0.010 | 0.300 - -
7/22-29/94 - - 28.0 7.1 120 5.4 0.9 2,600 1,300 - - 310 - ND ND 0.020 | 0.100 - -
1-2/31-16/95 35 - 24.0 6.9 240 7.3 0.5 35,000 18,000 20 - - - 0.030 | 0.010 | 0.050 | 0.290 - -
6/18-23/95 2.0 34.0 30.0 7.0 168 6.2 0.9 790,000 83,000 183 - 152 85 0.050 | 0.140 0.030 0.130 - -
11/4/95,11:45 23 30.0 25.0 7.3 175 7.4 1.2 35,000 17,000 81 230 105 89 0.020 | 0.040 | 0.017 - 0.33 82
4/28/96, 16:50 1.0 - 27.0 7.7 190 6.0 0.7 35,000 7,900 46 148 50 98 0.010 | 0.040 | 0.020 | 0.210 - -
12/1-3/96 - - 252 - - 5.5 0.2 (116,000 1,300 - - - - - 2.240 - 0.106 - -
4/27-30/97 - - 27.9 7.8 - 5.7 4.0 22,000 17,000 - - - - - 0.050 - <0.02 - 81
8/4-7/97 - - 7.3 - 6.7 1.6 54,000 230 - - - - - 0.380 - 0.060 - 87
Average** 27.0 7.2 181 6.1 1.2 39,265 5,825 83 189 126 91 0.038 | 0.365 | 0.025 | 0.171 0.33 83
Minimum 24.0 6.9 120 4.4 0.2 2,600 230 20 148 15 85 0.010 | 0.010 | 0.010 | 0.060 0.33 81
Maximum 30.0 7.8 240 7.4 4.0 790,000 83,000 183 230 310 98 0.080 | 2.240 | 0.050 | 0.300 0.33 87

P13 | 3/19-26/94 - - 26.0 7.2 180 6.2 0.5 2,100 - - - 13 - 0.030 | 0.020 | 0.010 | 0.030 - -
7/22-29/94 - - 28.0 7.1 120 49 0.8 2,400 1,700 - - 268 - ND 0.010 | 0.020 | 0.070 - -
1-2/31-16/95 2.0 - 24.0 7.2 240 8.0 1.0 17,000 3,300 16 - - - 0.010 | 0.010 | 0.020 | 0.070 - -
6/18-23/95 2.0 33.0 31.0 7.0 169 6.2 1.1 170,000 - 159 - 152 85 0.010 | 0.013 | 0.020 | 0.020 - -
11/4/95, 11:10 2.2 29.0 25.0 7.5 175 6.9 1.0 7,900 7,900 97 236 134 88 0.020 | 0.030 | 0.018 - 0.34 -
4/29/96, 11:00 - - 26.0 7.6 195 6.3 1.4 7,900 1,700 54 142 64 78 ND 0.120 0.020 0.190 - -
4/27-30/97 - - 29.0 7.8 - 5.9 0.9 22,000 17,000 - - - - - 0.170 - <0.02 - 82
Average** 27.0 7.2 180 6.3 1.0 11,041 4,183 82 189 126 84 0.018 | 0.070 | 0.018 | 0.076 - 82
Minimum 24.0 7.0 120 49 0.5 2,100 1,700 16 142 13 78 0.010 | 0.010 | 0.010 | 0.020 - 82
Maximum 31.0 7.8 240 8.0 1.4 170,000 17,000 159 236 268 88 0.030 | 0.170 | 0.020 | 0.190 - 82
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Sta. Date/ Time Depth | Air Temp. | Water Temp. | pH | Conductivity | DO BOD;, TC FC Turbidity | TS SS TDS TP NO;-N [ NO,-N | NH,-N | TKN | Hardness
CaCO,
m. °c °c S.U. pmhos/cm | mg/L | mg/L | MPN/100 ml | MPN/100 ml NTU mg/L | mg/L mg/L | mg/L | mg/L mg/L mg/L mg/L mg/L
P14 | 3/19-26/94 - - 24.0 7.8 110 4.9 - 900 - - - 6* - 0.170 | 0.010 | 0.010 | 0.050 - -
7/22-29/94 - - 28.0 7.5 150 5.4 0.8 54,000 11,000 - - 175 - 0.010 | 0.040 | 0.020 | 0.070 - -
1-2/31-16/95 1.5 - 25.0 7.8 300 7.5 0.5 54,000 35,000 17 - - - 0.010 | 0.010 | 0.010 | 0.090 - -
6/18-23/95 1.0 34.0 31.0 7.6 182 55 0.7 130,000 - 19 - 21 91 0.010 | 0.030 | 0.005 | 0.060 - -
11/4/95, 18:00 1.0 24.0 25.0 7.2 110 4.0 0.8 7,900 7,900 34 140 23 91 0.010 | 0.010 | 0.017 - 0.35 84
4/29/96, 9:55 0.8 - 26.0 7.6 196 5.0 0.5 1,300 200 18 124 30 94 ND 0.070 | 0.020 | 0.170 - -
4/27-30/97 - - 272 7.4 - 5.5 1.2 16,000 9,200 - - - - - 0.200 - <0.02 - 61
Average** 26.6 7.6 175 54 0.8 12,792 5,618 22 132 62 92 0.042 | 0.053 | 0.014 | 0.088 0.35 73
Minimum 24.0 7.2 110 4.0 0.5 900 200 17 124 21 91 0.010 | 0.010 | 0.005 | 0.050 0.35 61
Maximum 31.0 7.8 300 7.5 1.2 130,000 35,000 34 140 175 94 0.170 | 0.200 | 0.020 | 0.170 0.35 84
COT Water Quality Data
*  Possible analytical error, not included in summary statistics.
** Geometric mean calculated for coliform data, median for pH values.
*** Flood

NUN: NIUATVANVANY (2546)
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Stations

Parameter Units

PI 10 PI 11 PI 12 PI 13 Pl 14
pH* S.U. 7.6 7.7 7.2 7.2 7.6
Cond. pmhos/cm 173 217 181 180 175
DO mg/L 7.0 6.5 6.1 6.3 5.4
BOD, mg/L 1.1 1.3 1.2 1.0 0.8
TC* MPN/100 ml 18,152 10,307 39,265 11,041 12,792
FC* MPN/100 ml 11,922 3,820 5,825 4,183 5,618
Turb. NTU 106 54 83 82 22
TS mg/L 440 197 189 189 132
SS mg/L 274 54 126 126 62
TDS mg/L 117 114 91 84 92
TP mg/L 0.040 0.030 0.038 0.018 0.042
NO,-N mg/L 0.108 0.193 0.365 0.070 0.053
NO,-N mg/L 0.034 0.035 0.025 0.018 0.014
NH,-N mg/L 0.115 0.103 0.171 0.076 0.088
TKN mg/L - 0.29 0.33 - 0.35
CaCoO, mg/L 93 86 83 82 73

Period of record March 1994-April 1996.

* Geometric mean calculated for coliform data.

N NIUAIVANNANY (2546)
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v Y Y
3190 -5 qan i lueiththaeuuy seraene. 2531-2535

AAIGLTRRI
wndain gangll | aowldswas | anudunsa-aig DO msoulaeenled | anufud | anunszd
%) . un./ans un./ans un./ang un./ang

Wouiianuysaiya” 26-33 59-170 6.0-7.2 6.4-12.0 2.0-4.0 30-68 60-96
TﬂNmiﬁﬁuuuﬁmﬁ%émiﬂq”

Srafurhamn 30 40 8.0 - - 158 82.2

Srfnhozmmion 31 30 7.8 - - 67.4 432

Srafnioazmm 30 30 8.3 - - 235.2 100
Tasemawanniuiivasa’

Srafunhitea 23-29 90 73-78 5497 0.0-14.0 56.0-116.0 46-72

Srafuhehls 22-30 60 7.0-7.8 5.4-6.8 1.0-15.2 44.6-106.8 40-64

Safnhaeylau 22-30 60 73-78 5.68.7 0.9-5.0 56.0-125.8 42-72
Tasamsiauniegeslad” 22-32 - 7.5-8.0 5.3-8.0 0.0-12.0 90-170 120-150

4
w7 : nsuwalseniu, 2540

Y
o o A 1}

wneie : 1/ nanlszug (2531) swwauilsednl 2531 vesanivdvelssuainanana

Y
4

2/ nsuilszna (2534) senuilseiitl 2534 vesguaramnilssuaihnawsaln

3/ nsuisgaa (2535) ezt 2535 vesgudiaulszuaivadoslm
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y ’ mmgm/mmcﬁﬂmmwﬁyw
- wiiile duhenn v 7
AstinIn 1N msvalsznu’ manz@osdaii’ )
) - - - _ m3szng’
Auih gni daresh | wifa | wiues | wina | Jogwndes | Yawihunane | flywiquuss | USEPA gauiunzi
anudunga-ang 8.1 7.9-8.0 8.1 7.2 8.1 8.5 6.5-8.4 - - 6.5-9.0 6.5-9.0 6.5-9.0
ﬂ'J'IiJﬁ'Ivlﬁﬁ‘l('lﬂiﬂiiﬂiJﬁ/‘ﬁil.) 340 260-280 280 130 170 150 <750 750-3,000 >3,000 - - -
ANUYU (NTU) 6.3 17.2-51.0 58.0 49 9.2 11.8 - <60 <50
AULVIUDBY (UN./D.) 7.0 13.0-32.0 435 5 21.0 14.0 - <25
asfiazmenanya (Wn/a) 191.0 116.5-203.0 150.5 81.0 113.0 158.0 250 <400
anudiusa @n.alugil caco,) 164.8 92.1-107.4 100.0 50.0 79.7 88.1 20 20-200
ANUNTLA (uﬂ./a.clugﬂ CaCO,) 183.8 90.3-110.3 105.0 86.1 74.6 87.2 <300
DO (un./a.) 8.1 7.6-7.9 7.5 7.1 8.5 8.2 >4.0
lwasn wn./a.) 0.095 0.249 - 0.157 0.123 1.040 <5 5-30 >30 - - 03
Woauvla (un./a.) 0.015 0.074 - 0.022 0.022 0.074 0.1
aaelsd (wn/a) 1.0 25 - 2.0 0.7 20.0 <140 140-350 >350
wan (un./a.) 0.400 1.800 - 1.100 1.700 0.800 5.0 1.0 <0.5
Gl&ﬁf%lﬁ (wn./a.) 0.016 0.013 - 0.015 0.011 0.006 5.0 - <0.03 <0.10
i : n3uratlsznu, 2540
vneme - 1/: nsuwalszmu (2522) $1989Ta8 SEATEC (1994) il i = aonilii 1
2/ : Aquacultural Engineering (1985)4 : 137-138 m‘lj1 = ﬁmfiﬁ 4-6
3/ : Committee on Water Quality Criteria (1972) 81994 1ag SEATEC (1994) daeih = anilii 8
ND = Non-detectable 511‘;1?[1“1]1 : wida = ﬁmﬁﬁ 2
- =No-analysis 1R = ﬁmﬁﬁ 3
wing - = amili 7
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v Y v 9 v v
o 1 o o 1o o 1 ) 1 Y 4
M 31990 V-6 (M0) ﬂmmwuﬂmmmﬂa Wsida dutnaaaziinginig oy $uNAN 2538 (HANUY) LASNUNUIATTIUAMNIN

Y

17

wesguAnusR Ui

A s it dniann : ENE
wiiguamii mysarszmu MImzEeada i ,
T~ 5 5 -~ _ Mslszus
duih ani dangih | wida | wines | wdnoe | Tgwides | dlgvnhunans | dlgwiguuse | USEPA | seAuiuugih
Tasdioy (un./a.) ND ND - ND ND ND 0.10 0.10 <0.01 <0.05
upalien (un./a.) 0.021 0.046 - 0.003 0.015 0.034 02
dangd (wnJ/a) 0.653 0.224 - 0.148 0.220 0.713 2 <0.03 <0.10
NOWAY (UN./a.) 0.066 0.034 - 0.036 0.032 0.033 1 <0.01
upamila (nJa.) 0.08 0.056 - 0217 0.049 0.100 02 100 <100
son (un./a.) 0.002 0.002 - 0.001 0.001 0.002 <0.10 <0.10
I : nsuvadszny, 2540
Y A 1o v 3 ad
neme : 1/ : nsurailszmiu (2522) 81999 1ag SEATEC (1994) e A = TOIUN 1
v i
2/ : Aquacultural Engineering (1985)4 : 137-138 a1 = 701N 4-6
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