Hourly Change of the Four Rivers
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Annex-4 Comparison of Water Quality between Rlver and Sewage

T-N (ng/ 2)

g/ R
LEGEND _ _ '
® HH4-N Sample of Anyang Chong
& Org-i e Sewage Water
» BOD

'Flg. A-3.1  Comparlson of Waler Quallty between Anyang Chong and Sewage
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Fig. A-3.2 Comparison of Water Quality between Yangjae Chdng and Sewage
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Annex-5 li’atér Quality at Freshet Time

" Table A-1.5-1 Water Quailly of Anyang Chong at Freshet Time, A-St 1
Novesber 8, 1890, Precipitation: 3 mm

H-H  Coli-form Gavge Discharge

ltew W§I o D0 BOD  CoD
e a1} o) ol oy Ge/l) MPR/I00RI) (ow.  {md/s)

Time
10:00 157 7.0 0.3 323 181 553 i4i3 840 180 155.100
H:00 152 2 0.3 2.5 0.5 483 $4.07 720 120 197.805
12:00 148 2 0.1 220 221 4531 1394 680 220 212.880
13:00 140 71 0.1 183 7.1 187 13.59 920 240 244.292
14:00 - 13771 0.6 188 17.0 8.0 12.04 1180 242 241525
15:00 133 7.2 0.8 345 i8F 21.3 12.28 1020 250 260.529
15:00 10 7.3 L1 19.5 131 360 13.59 1100 252 263.947
17:00 128 7.1 1.4 185 . 1.1 180 1304 1200 280 312,154
18:00 126 13 L8 2.0 1.6 127 1%.%8 960 290 330,184
18:00 123 7.3 20 19.5 14% 167 [4.13 950 270 284,555
ot 121 21 L6 20,4 131 193 1397 1200 240 244292
21:00 - 128 7.6 L4 265 1L1 173 1413 980 220 212,880
Table A-1,5-2 Mater Quality of Anyang Clong al Freshet Time. A-SL 4
. November 8, 1990, Precipitation: 3 ma
[tem Wi pf NA-N  Coli-form Gauge Dlscharge
- e (mg/]) (ms/l) (ﬂg/l) (ms/l) (mg/1) (WPHZ100RL)  (cm)  {m3/fs)
ime .
10:00 154 T3 1.8 324 18.1 155 13.04 880 42 14.525
1:00 15272 14 203 161 2.5 14.§3 980 4 1521
12:00 147 7.1 LI 338 16.0 185 1369 940 41 16.440
13:00 144 1.2 0.9 5.0 19.0 227 1326 - 1100 43 16,841
4:00 0 4071 - L2 353 19.% 20.7- 4413 1200 50  17.650
15:00 139 .0 L3 385 180 20.7 1397 1660 52 18.504
16:00 136 7.2 L7 420 19.3- 253. 1413 1200 9 18.935
17:00 1.1 2.2 21 3.3 206 200 1337 1060 53 18.935
18:00  §2.7 13 26 ILE .6 4.7 138} 1150 52 18.504
19:00 124 13 23 35.6 192 2331 1413 1100 50 12.660
200 kE 1Y 20 23 2.1 260 13.50 980 49 1L
21:00 128 7.2 1.8 %50 {70 2.0 1413 840 47 16440
" Table A-1,5-3 hater Quality of Anyang Chong at Freshet Time, A-5t. &
November 8, 1990, Precipitation: 3 m
Iten ¥T  pH BuD K- Coli- furl Gauge Discharge
(' (BS/I) (F«g/l) {ns/l) (ug/l) (ng/1) (MPN/100mi)  (cw) @3¥/1)
10:60 148 7.2 2.7 3.1 231 200 1575 950 50 12.631
6 147 7223 21 - 3.4 251233 1630 780 52 1312
1200 144073 LB 36 240 280 1578 820 5 13.880
(1300 140 73 L2 5 250 221 1522 950 57 14401
S14000 137 12 20 326 2.1 1 1413 1100 58 - 14.665
(1500 134 72 24 6.3 2.0 0.7 1402 1200 51 . 15.478
16:00 §31 L3 27 30 5ozl L5y 1500 64 158
00 127 3y 29 0.5 231 2L0- 1522 1200 66 16.894
C18:00 125 T3 34346 o239 413 1100 65 16604
19:00 120 Lz x4 30 2510 213 122 930 62 15.7%%
20000 12,7 LY 21 351 2.0 233 1348 280 B0 15.204
21:00 128 3 L9206 19.1 226 1413 1100 57 14401
Table A-1.5-4 Fater Quality of Anyang Chong at Freshet Time, A-5L §
Kovember 9, 1990, Precipitation: 3 =
Item ~WT  pli NH4-N.  Cobi-form Water Discharge
(e (ng/l) (ﬂ\g/l) (mg/l) (Bs/l) (rg/1) (HPR/100m1) Ievel(ca) {(=d/s)
10:60 ;142 1.2 L8 1040 -26.1 153 12. 50 580 47 11551
J1300 1400 21 L2 433 . 2n0 150 13.04 160 50 . 14.850
12:00 0 137 -1 0.9 846 261 120 il 4 880 52 - 18.1M
I3:00 - 136 7.2 L6 80.4 251 122 1217 820 5} M i)
P14:00 0 133 7.3 2.1 102.0 241 180 1L 74 980 57 . 26.002
18000 131 2 2.2, 445221 220 QL2 --1008 59 . 28.43)
16:00 128 7.3 2.8 440 231 157 .12.29 1100 62 - 31.357
1:60 125 1.2 3.0 483 226 187 1217 960 63 34838
15:00 12,3 2.0 3.7 46.5 220 .21 10.23 - 840 62 33.357
18:60  ILS. 7.1 29372 281 )62 1250 1000 60 30.404
20:08 2.1 2 26.-38.50 2L1 147 1217 1200 57 - 26.002
210 124 13 2.4

30 2.1 2713 1033 . 980 5 20530

-]
{

59



Table A-1.5

1ten

Time

10:00
13:30
14:00
14:30
15:00
15:30
16:00
16:30
17:00
18:00
09:3
10:10

- Table &-1.

tem

Time

10:00
13:30
14:00
14:30
15:00
15:30
16:00
16:30
17:00
i8:00
09:30
10:30

Table A-1.

Tten

Time
16:06
13:30
14:00
14:30
15:00
$5:30
16:00
16:30
“17:60

Table A-1.

Item

Time
10:00
13:30
14:00
14:30
15:00
- 15:30
16:00
16:30
17:006
18:00
09:30
10:30
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Water Quality of Anyang Chong at Freshet Time, A-St, 1
February 27-28, 1991,  Precipitation: 5 mm

plt BOD ﬂﬂD(”iﬂ) 58 LHER Cﬁi form Gauge Discharge
(ﬁs/l) (rg/1} (ne/1) {ng/1} (mg/1} (UPH/100a1)  (om) (m3/s)

7.3 38 685 -56.8 3.3 -15.98 12000 31155103
.4 47 695 SB.1 3.0 1620 18000 47 187.805
L4 ae 725 B0.f 427 16.09 18000 53 212.880
.3 21 M3 6L7? 455 1820 10060 54 244.202
.3 .28 6.5 5%.5 480 1598 9000 57 247526
.3 32 650 5.6 365 1628 8800 58 . 260, 629
.4 34 690 588 520 1500 11063 58 263447
23 .27 G668 516 613 1641 18060 57 . 312. 164
7.3 21 638 5668 69.1 16.09 15009 56 * -330. 184
.3 .43 7.5 0.1 §1.3 15.02 12000 55 294,565
2 27 61.% 985 554 1611 - 18000 427 144.292
7.2 31 642 593 50.7 16.20 - 13600 3% 212,880

Bater Quality of Anyang Chong at Freshet Time, A-St. 4
February 27-28, 1991, Precipitation: 5 mm

pH - KH4-K  Coli-form Gauge Discharge
(mx/l) (HS/i) (i'@/l) (lﬁg/l) {rg/1} (MPR/100mI) - (cm} {md/s}
13 58 825 628 2820 151 11000 14
.2 47 673 53.5 1050 1674 - 8009 - 14
.2 38 594 -521. 7TLG 15.98 8000 15
7.3 41 S50 0.0 530 1641 £3000 16
7.2 59 634 534 570 1621 15000 16
.3 3% 694 5§58 55 15.42 18000 17
7.3 30 675 522 50.0: 16.96 19000 18
7.4 27 70.2° 534 473 16.41 . 18000 16
.2 34 667 343 513 1643 14000 i5
3.2 45 100 548 420 1587 12000 ‘15
7.2 30 7.2 585 524 1555 12000 13
7.4 2% 740 53.4 56.0 14.78 13000 13

Water Quality of Anyang Chong at Freshet Time, A-St. 5
February 27-28, 1991, Precipitation: S mm

Bob MH-N  Coli-fors Gauge Discharge
(Bs/l) {mg/1) (mg/l) (mg/l) (sg/1) (MPE/100m1)  (cm} (®3/1)

3 2.5, M4 587 950 :1543 13060 2

3 29 5%.2 554 V60 14.35 14069 2]

4 4.2 605 480 3.3 1433 - 10060 2]

3 18 0.5 566 3.5 143 10069 4
2 36 684 937 393 1522 8000 25
Z2 31 623 5008 450 14.34 9000 - 5
3 376428621 487 1542 7069 24
3 42 BL.5 481 5LG 1522 © 606D 4
4 32 885 454 46.3 16.30 9060 23
¢ 2.8 834 568 550 1345 11009 22
324 744 514 645 1464 10009 0 .
2 29 2.4 -5L% '76.0 1521 . 3000 20

Water Quality of Anyang Chong at Freshet Time, ASL §
February 27-28, 1995, Precipitation: 5 me

pH 55 1i-form Rater Pischarge
(mglE) (mg/t) (mz/l) (mg/l) (as/l) (MPN/IUD:l)levei(u) (n3/s)

.4 %4 69.4 574 -3L3 1500 . 5000 47 15950
.3 29 724 5.0 43.0° 1413 5000 0  15.850
.6 30 685 -541 54.7 14.45 8000 52 - 1811
.7 L1- B9.4 "534 655 133 16000 0 0 53 20.180
e 28 BLS S04 813 1004 S0 57 - 26,002
25 32 70 553 -69.3 ‘1414 - 12000 59 . 28.403
7.4 34 605 521 647 1435 © 16060 §2 33397
7.3 L0 69.4 513 5.4 1436 11060 - 63 - 34.838
.4 27 0.0 9l.4: 507 M43 S 12000 62 - 33357
7.4 25 754 . 63550 1359 11600 - B0 30404
.4 23 7.6 -525 486 '13.89 _Teog 57 - 26.002
73 21 885 512 3L 1301 0400 54 21630

A
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Table A-2.5-1 Yater Quality of Yangjae Clong at Freshet Time, ¥-St. 1
August 3t, 1990,  Precipitation: 60 mm
ftem WT G Turbid, BOD  COD 85 KM-4 Coli- form
- g4 (lagll)(sns/cm) (eg/1) (og/l) g/l (me/b (sg/t) (HPN/100m))
ne
13:00 245 4.2 0.8 125 6.8 136 112.0 2.96 2400
13:30 242 43 0.8 126 2.3 130 124.0 2.82 2800
1400 243 45 0.8 129 195 143 118.7 2.2 3160
14:30 241 47 0.7 10 16.5 118 108. 3 2 2100
15:00 241 54 0.8 69 21.0 136 120. 5 390 1900
16:00 .23.7 5.3 0.8 65 1.9 13,4 102. 8 2.07 1700
17:00 236 5.6 0.8 69 123 1.2 94.7 §.88 2500
18:00 23.4. 5.6 0.7 66 1LT 133 90.8 .35 1280
18:00 230 57 0.7 64 18.0 120 88,7 0.93 2100
20:00 -22.8 56 0.7 62 10.5 10.2 82.7 0.54 1200
21:00 221 56 0.7 42 31 45 - 68.7 0.50 1100
22:00 229 57 0.7 n 5% 4.3 4.6 0.39 1080
Table A-2.5-2 “Water Quality of Yangjae Chong at Freshet Tims, Y-St 3
: August 31, 1990
t W cop 58 Mil4-N Coll- form  Gauge Discharge
. e (mg/l)(mg/i} (mg/1} (ra/l) (mg/1) (SPNA10OMIY  (cm}  (n3/s)
ime
13300 2.3 7.0 L5 M4 147 0.4 2300 42 9,894
13:30 221 7.0 13.8 122 121.8 0.16 2100 36 7.588
14:00 20,9 © 7.4 §5.5 135 1322 01 2900 42 9,894
15:00 220 7.2 10.7 4.4 110.5 0.32 1800 46 11.427
16:00 21.9 2.7 1.1 6.0 121.4 '0.4¢ 1700 48 12.182
17:00 27 7.7 1.3 140 125.0 0.56 1580 46 11. 427
12:300 265 2.6 8% 10.7 1208 0.29 2600 k1] 8. 358
18:00 2.2 1.6 5% 84 7.2 0.2 1300 28 4.255
20:00 2.5 1.6 47 B71 59.2 0.26 2000 22 3,239
21:00. 2006 7.3 AT 1.4, 282 0 M 1000 22 3.239
20:00° 204 7.5 A5 60 .10 0.25 800 18 2.364
23:00- 0.4 7.5 16 7 .28.8 0.98 300 16 i.979
Table A-2.5-3 Water (uality of Yengjae Chong at Freshet Time, Y-St. |
February 27-28, 1991, Precipitation: 4 em
tee WI oH 35 NM-H Coli-form
- 1) (ﬂg/!) (as/l) (ug/l) (mg/1) (rg/1} (MPH/108a1) level {cm)
ine
10:00 54 7.4 38 L6 1.0 350 10.14 4200 33
13:30 58 13 29 1.9 17T 850 10.22 4508 34
14:010 6.2 7.4 2.4 12.7° 120 58.0 10,29 000 H
-14:30 64 7.4 27 120 1.6 6L3 10.65 §004 35
15:00 58 .4 2.1 -12.4 114 804 102 3800 35
15:30 56 - .3 3.2 11§ 0.6 587 10.%4 4000 38
16:00 5.2 1.3 34 157 10.0- 85.5 10,72 2800 36
16-30 49 .2 0 136 124 70.0 10.58 3e00 5
17:00 48 1.2 24 1.6 150 645 10.59 4090 35
18:00 42 1.2 20 150 140 530 10.14 2800 M
09:30 57 1.2 27 168 160 39.5 LS51 3200 32
10:30 54 7.3 28 163 163 480 9.13 2000 k) |
Table A-2.5-4 fater Quality of Yangjae Chong at Freshet Time, Y-St. 3
february 27-28, 1891,  Precipitation: 4 ma
{ten WI pli S8  HH-N  Coli-form
i {*¢) (ﬂg/l) (ing/l) (ﬁg/l) (ag/1) (ag/1) (MPN/100m1) fevel (ca)
ine
10:00 - 48 7.9 52102 120 140. 1239 2000 17
13:30 49 7.4 54 162 .12.% 154 . §2.17 3000 17
14:80 .82 7% 57 185 126 160 1304 300 18
14:30 5.4 "3 51 159 124 645 1250 5000 19
15:00 51 773 6.2 15.4 124 8.0 12.81 6000 20
15:36 49 7.4 . 64 5.8 126 &3 1217 5600 21
16:00 47 7.2 51 190 125 -90.8 il 4000 21
16:30 47 .3 560162 125 720 10.33 RIHI] 22
17:00 4.6 7.3 .69 175 126 B5T7 °9.67 1060 20
18:00 - 4.4 7.4 64 1L3 120 500  9.78 “8060 20
09:30 - 46 7.4 6.0 -152 -14.8 48.0 -10.685 - -2000 16
10:30 48 7.4 6.2 232 "16.8 .39.1 - 10.68 1000 16

-
I
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Gauge
(crm)

Ho
139
136
1
130
129
130
128
126
H?
107

96

Water Discharge

(a3/s)

13.093
14. 240
18. 642
24. 812
25. 559
26, 315
29.441
21232
17. 267
15. 421
14. 825
13. 664

Water Discharge

(a3/5)



Table A-3.5-1 Water Quality of Ui Chong at Freshet Time, U-SL. 1, Hovember 3, 1990
Precipitation: 4 mn

[tem ®T pH DO cop 88  MNH4-R Coti-form Gauge Discharge
Time ) (ee/1) (5!8/1) (ng/1)  (mg/t)  (mg/1) (PR/100n1)  (ca) (=3/s)
10:00 135 7.3 42 124 140 183 0.97 210 22 18. 846
1:08 133 7.3 39 3 1.8 1.0 0.98 180 24 20. 281
12:00 130 7.2 30 20.4 3.2 2480 071 480 21 22,445
13:00 128 7.2 21 31 657 4I5¢ 0.76 620 kil 24.621
14:00 125 7.2 27 2.5 40.8 2425 £.95 840 32 26.079
%5:00 1223 7.3 3.2 20.0. 49.8 4725 0.8 920 kL 20.542

G:00 120 7.4 2% 146 384 3150 0.8 360 35 28.218
17:00 1.7 7.3 24 135 19.0 3310.0 0.91 660 33 25.810
18:00 iLS5 22 3.8 125 164 510 (.04 520 n 25. 248
1900 1.2 7.1 40 85 125 8.0 0.92 410 28 . 23189
20:00 110 7.0 3.6 6.4 120 59.¢ (.90 490 28 21.722
200 14 7.1 L1 85 131 55.0 103 410 2 18. 101
Table A-3.5-2 Water Quality of Ui Chong at Freshet Time, U-St. 2, Novembar 3, 1990

Item WT pl D{l BOD . COD 53 NH4-K Coli-form Gauge Discharge
Tine [y rg/l) (og/l) {rg/D)  (mg/1)  (eg/L) (HPH10021)  {cm) ~(ad/s)
10:00  13.2 7.3 42 88 124 2.0 023 380 7 2.590
11:00  13.0 .23 490 85 135 320 044 350 9 3. 308
i2:00 129 7.4 L7 1.0 195 B840 0.54 480 i1 4,125
100 127 L3 41 10.4 274 1850 0.4 470 14 4. 535
14:00 124 7.2 39 .5 186 180 0.7 260 17 7. 168
15:00 121 2.2 44 9.6 174 1060 G0.65 320 20 C9.019
16:00 1.9 7.3 36 124 2.0 118G 0.5 410 21 9, 685
17:00  1L6 7.2 - 38 124 145 9.3 (.67 330 23 10. 702
18:00 1.4 7.2 31 136 120 36.0 0.6% 520 22 10.377
19:00 i.§1 7.4 35 1.4 10.1 180 -0.66 460 15 8 376
20:00 108 7.2 37 126 - B6 140 0.93 580 1o B. 598
2:00 142 7.3 43 9.2 9.0 110 6.5 370 i 4125

Table A-3.5-3 Water Quality of Ui Chong at Freshet Tiss, U-St. 1
February 27-28, 1981, Precipitation: 3 ma

BOD 4-N Coli- form  Gauge

ftem WT of DO
i o (mg/1) {pe/1) (wgll) (asll) (mg/l) HPH/108RD) - (cm)
1me
10:00 49 1.4 58 4.1 5.8 15 0.2t 600 - 29
1G:30 50 7.3 6.2 4.1 - 6.5 LG 0.24 860 30
14:00 52 .2 6.8 3.9 6.6 L3 0,36 1608 3t
14:38 57 L5 O 4.4 7.0 1.9 -0.30 1200 .32
15:00 66 7.4 6.2 43 1% 1.7 D28 1000 13
15:30 9.3 L3 &7 4.1 1.3 1.8 0.38 ano M-
15:00 5.0. 7.5 6.0 2.9 6.0 1.9 .0.22 800 H
16:38 417 1.3 57 2.5 5.9 1.9 -0.28 900 35,
17:00 46 7.3 53 2.4 5.4 1.8 '0.28 200 34
18:00 431 1.2 51 31 6.6 22 0.5 - 400 33
09:30 58 7.3 50 3.1 59 .9 0.61 800 29
10:38 6.0 7.6 §.0 3.8 6.8 1.9 0.48 800 28

Table A-3.5-4 Water Quatity of UL Cheng at -Freshet Time, U-St. 2
February 27-28, 1991, Precipitation: 3 sm

it pH COD S5 KIM-N Coli- form Gauge

WT
- c (ms D (ng/l) (ag/1) (ng/1} (ng/1) (HPR/IODm1})  (om)
e ’
10:00 18 7.6 6.8 574 50.3 30.3 14.28 380 1
10:30 46 1.7 1z 605 283 263 i5 30 w2
14:00 4.2 7.5 84 625 30.5 - 28.4 1602 - 420 2
14:30 4.8 7.6 70 - 423 382 15.03 -480 K
15:00 37 7.5 6.7 524 3.0 216 1622 500 k]
15:38 36 7.4 6.2 50.4 -41.3 3.3 15.43 S 320 3 -
16:00 5 74 65 413 M8 14 1498 580 - 4
16:30 34 74 1 383 W2 8.3 1522 790 3
g 33 T4 7.3 473 293 21.5-16.23 880 2
18:00 . 3.2 7.5 7.0 521 32.4 30.4°17.38 - 240 2.
08:30 30 2.5 6.2 60.3 382 313 1430 - 380 i
10:30 37 7.4 6.8 5.3 3.4 157 1568 560 1



Table A-4.5-1

Item ¥T  pH
Tee {"C)

10:00 .2
11:00 140
12:00 137
13:00 13.4
14:00  13.¢
15:00 12,8
16:00 127
1m:e0 12,6
18:00 - 12,3
18:00 12.0
20:80 124
2:00 126

DD et GO Gl Gl Tl 1t 0 N LD

Table 4-4.5-2

Itea WF
Time ('C)

10:00  13.8
11:00 136
12:00  13.4
13:00 131
14:00 129
15:00 12§
16:00 12,3
ir:00 2.1
18:00 119
19:00 ° 117
20:00 111
21:00 120
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Table A-4.5-3

Hea WT

~—
I3
]
-

Time :
1¢:00
10:30
14:00
14:30
15:00
15:30
15:00 -
16:30
17:00
18:00
09:30
10:30
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Table A-4.5-4

ftem WT
. c)
Tize

Ja—
o
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=
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O3 = e O3 ] D G G ) OO D G

Water Quality of Chungroung Chong ab Freshet Time, C-8t.

November 3, 1990, Precipitation: 5 pm

1

BOD  COD 88  KH4-N Coli-form Gauge Discharge
{wd/s)

(msll) {ee/1) (mg/l) (/1) (mg/1) (MPN/100s1)  (cm)

21 110.5 100.5 13440 0.8 1100 33
2.1 150.4 145 1058.7 0.8 960 35
2.8 B2G6 800 4633 1.01 1200 38
20 1048 832 4480 0.84 860 3
3.8 162 184 850 1481 620 41
41 1.6 16.2 450 0.0 430 LX)
42 10,3 120 120 0.9 380 46
40 104 1.5 160 116 410 47
32 12§ 13 w0 117 520 45
48 9.5 85 1.0 L2} 6§30 42
5.2 7.9 80 10.0 1,16 490 40
3 120 1.0 130 125 M0 6

Water Quality of Ciwngroung Chong at Freshet Time, C-St.

November 3, 1990, Precipitation: 5 ma

BOD  COD 55 NH4-N Coli-fora  Gauge
(5’8/1) g/} (eg/1) (sl (mg/1) (WPN/10CRI)  (cm)

2.7 1040 80.4 538.0 0.87 540 21
21 0.4 6L5 408.0 0.88 510 23
34 86 134 280 0.8 470 24
3.7 124 26 6.0 0.79 220 28
40 103 123 230 0.82 380 30
3.1 B& 10.4 160 091 520 32
38 105 846 20 091 410 33
30 17 80 zL0 Lot 310 3
47 60 LD 90 078 380 28
44 85 10.§ 160 0.98 510 26
41 120 18 9.0 0.80 480 25
.8 1.1 -10.4 10.0 0.8 500 23

v

5. 320
6. 762

1. 456

1. 696
8.189
8.699
9.447
8.771
9.221
8. 442
7.841
5. 988

Discharge
{wd/s)

0. 761
1.004
1.240
1. 780
2. 158
2.5
2. 796
2. 361
1.964
1. 441
1. 286
1.004

Water Quality of Chongroung {hong at Freshet Time, C-St. 1

February 27-28, 1991, Precipitation: 3 ma

pH oD H-N Coli- form - Gauge
(mS/ n (ms/l) (mg/1) (mg/ 1} (ng/1) GPR/A00mI)  (cm)
7.3 6.2 164 136 120 581 1260 9
.3 6.8 102 9.9 90 5.17 1500 i
7.2 6.0 180 140 140 6.249 . 960 10
7.3 57 148 145 L0 526 - 1060 11
1.2 6.2 193 W8 1.7 713 1104 12
.4 58 2.3 14 1.5 1.3 1000 i1
.4 6.7 25,58 1.8 133 1.78 880 11
.9 64 1.3 143 125 17.88 920 10
.47 6.3 159 124 147 822 B40 10
.3 6.6 2.8 182 150 17.78 900 10
7.4 81 286 100 187 -7.57 820 8
7.5 5.2 192 143 Q2% 4.4 780 7
¥ater Quality of Ciongroung Chong at Fresfet Time, &t 1
February 27‘28, 1990, Precipitation: 2 ma
pH COD 55  NH4-R Coll form ~ Gauge
(mg/l) (ll'g/l) {me/1) (ug/B) (mg/l) (WPN/100al)  {cm)
15 6.2 L6 26 287 1181 700 18
.6 1.4 620 542 7150 10.07 600 i)’
7.5 6.0 58.5 51L& 1137 1116 500 C 2l
.4 6.9 6§86 40.3 955 10.944 800 21
3 62 408 451 813 11,15 900 21
7.4 .68 5.3 4.2 89.0 9.06 1000 22
‘7.5 6.2 50.2 421 710 9.42 ane S22
L6, 6.3 493 40.0 607 - B.595 900 #
.5 01 4604 386 655 B.9S 800 20
7.4 6.0 40.0 30.2 65.0 - 8.5 700 18
7.4 58 3.2 248 5.0 8.70 §00 v
7.3 5.2 394 293 430 10.58 800 17



Annex-8 Heavy Metals in River Sediment in Japan, 1986

Table A-8 - Heavy Metals in River Sediment in Japan, 1986 (Saitama Prefecture)
{Arakawa River, Shiba River, Toemon River, other 9 rivers)

Cd Pb Cr{s+) As THg :[L - DL
{ng/kg d.w)(ng/keg d.w) (ng/kg d.w) (mg/kg d.w) (mg/kg d.w) (%) (%)
0. 60 11.30 ND 5.1 0.05 2.3 4.1
0. 35 20, 60 ND 25 0.23 2.0 5.5
0. 51 29. 00 ND 6.3 0.24 8.3 B83.6
0.04 23. 30 ND 1.5 0.02 6.5 - 53.3%
0.09 8. 170 ND 1.8 0.08 6.6 28.12
0.08 -10. 70 ND 3.6 1.46 4.2 42. 1
6. 36 120,00 ND 2.9 0. 44 8.0 61.0
6. 60 39. 00 ND 5.5 8.19 7.0 51.6
0. 40 - 17. 800 NI AT 0.81 12.8 20,3
0.55% 130. 60 ND 3.2 0.10 A2 92.4
4.10 24. 00 ND 1.1 0.05 6.6 41. 6
0.16 217.00 ‘ND 4.8 0. 09 {9 34.5
5.00 11. 00 ND 10. 2 0.39 17.9 37. %
0.21 25.00 ND LT 0.05 ‘1.6 58.6
0. 60 16,00 ND 1800 0.15 2.8 46. 7
6. 30 84.400 - ND 11.5 0,18 1.2 34.¢
0. 60 12. 40 ND 1.8 0.02 6.6 50. 7
0.70 ¢.00 ND 0.6 0.03 - 5.2 49.6
e. 06 3.90 ND 0,3 0,22 .9 27.8
0. 05 7. 50 ND 0.6 0.91 8.6 33.0
0.08 6. 20 ND 0.5 0.0t - 1.0 47. 6
0.08 4. 90 ND 0.1 0.01 4.2 61.5
0.04 4. 40 ND 1.9, 0.05 7.5 26. 5
0. 00 10. 90 ND - 8.3~ 0. 08 17.9 24. 6
6, 21 26. 10 ND 6.3 6.10 6.6 i8.5
1.13 45. 60 ND 3.9 0.02 3.4 17.8
2.5% 17.00 ND 5.8 0. 04 6.0 16. 8
0,13 68. 50 ND ‘3.6 0.10 44,0 i8.¢0
0.72 123. 00 KD 9.1 0.65 - 2.5 19.2
11,60 76.00 ND i. ¥ 0.34 4.2 28. 5
1. 28 23,80 ND 5.6 0.33 11.4 76. 8
0. 38 12. 170 HD- 4.4 0.06 20,3 36.0
0.80 109. 00 D 4.0 1. 84 1.4 410
6,17 16,10 ND 4,2 9,131 1.4 24. 5
.11 16.00 D 1.8 0.67 . 59.0
0.22 24.10 KD 3.1 0.07 44. 0
1.51 140,00 ND 6.7 0,33 43,3
0.23 27.20 ND 2.4 0.07 . 30.8
0.67 20. 60 ND 12.1° 0,72 56.0
0. 84 25.60  ND 14.1 0. 04 | 39. 0
0.09% 6. 30 ‘ND 11.% - 0.02 : 1.9
0.22 10.70 ND 4.8 . 0.01 139
0. 95 53.20 ND 5.9 - 0:02 - 187
0.04 68. 20 ND 6.0 0.02 16.1
1.179 4. 10 ND 1.1 .02 . 52.9
0,04 3. 00 ND 1.4 . 0.04 _ ‘ } 48.0
Mean 1,01 39, 44 4,9 . 026 - T.9 38.9
sh 1.98 45. 11 3.9 0.38 1.8 20.8
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Chapter 1 Introduction

1.1 Purpose of this Study

In this chapter the outlines of the items presented below are
described for the purpose of formulating the countermeasure for

water quality improvement.

a. Estimates of generation load within the study basin in 1990,
2002 and 2010.

b. Present condition of load in the study rivers based on the
measured survey result from 1990 to 1991.

¢. Calculation of apparent ran-off ratio based on the two items
above.

d. Prediction of future water quality at each observation station
based on the items described above.

e. Investment amount using the estimated cost, at each water
quality level determined. '

1.2 Method of this Study

(1) Generation load

‘Estimate of ‘generation load is described below.

*'Generation load of the year 1990 will be calculated at each
system such as life system, industrial system, livestock system

and nonM-point source, using existing data.

*:Generation loads of the year 2002 and 2010 are calculated based
~on the investigate study by Seoul Metropolitan, etc.



(2) Measured pollution load

Current generation load at ecach observation station will be
caleulated using the measured value estimated by the study team
from, 1990 to 1991. In calculation of the measured licad, the
average value,  excluding the maximum and minimum data, will be
used in order to determine annual average value. - This is because
generation load itself is also considered to be annual average
value calculated by using various sort of statistical data.

{(3) Apparent run-off ratio

Apparent run-off ratic is calculated using the data obtained

during the survey period.
(4) Future water quality

The prediction method for water quality is determined using the
ratio between current generation.load and measured load obtained
at each observation station along the river (apparent run-off
ratio).

As the data were not highly precise, and in order to obtain
positive result, self-purification of the rivers were not taken

into consideration.
(5) Tnguiry into countermeasure

Countermeasure for water quality improvement will be examined
taking environment of study river into consideration. Moreover,
the similar cases of Japan will be able to give some suggestions

for reference.
(8) Investment amount in view of water quality level
Investment amount in view of water quality level will be.estimat-

ed on the basis of the necessary investment roughly calculated
with a method described above.



Chapter 2 Pollution Load within the River Basin

In order to grasp the pollution content of the basin, the quantity of
the generation load was estimated on the basis of the latest available

data. The data used for the calculations are indicated as follows.
(1) Population

The population estimate was based on the following data.
*the population of each don-district by the data in 1983.
¥Basic Town Plan of Seoul Metropolitan

#The Sewerage Service Basic Plan of Komei City
(2) Land Utilization

Land utilization was estimated on the basis of the Basic Town plan of

Seoul Metropolitan.
(3) Industry
1} Manufacturing Industry

The manufacturing industry was estimated on the basis of the following
data.

*¥the number of employees by industrial classification

¥the study result of the Research on the Load Factor Discharged from

Factories compiled by the Ministry of Commerce in 1984.
2) Livestock

“Estimate was based on the investigative stiudy by Seoul metropolitan
The Study by Seoul Metropolitan:

The Study on River Environment Improvement for The Tributaries of Han
River system in the Seoul Municipality and lts Vieinity, December 1990,

Seoul metropolitan



2.1 Pollution Load in the Present Condition
2.1.1 Anyang Chong
(1) Generation Load Discharged by the Population of the Basin
1) Settled Population within the basin
Seoul
The population was calculated using the data of don-districts in 1988,
The population of each don-district was summed up at:evéry basin whers
the water quality and discharge observation stations were installed.
Komei
The population was caleculated using the data indicated in the sewerag
serviece basie plan of Komei City.
Future population was estimated on the basis of the Basie Town Plan of
Seoul Metfopolitan and the Sewerage Service Basic Plan of Komei City.
The population in 1990 and 2002 werc estimated using the data in 1988,
2001 and 2010 by quota allotment. The result is indicated in Table
2.1.1-1.
Table 2.1.1~1 Population in Anyang Chong Basin
. : “unit:person
St.4 to b
St.1to2 | St.2tod 1 St. btob St 3 to - Total
1 Seoul /Ewangnyong
1988 | 243,162 | 151,809 | 230,787/230,200 | 267,483 | 996,569 | 2,120,010
1990 262,031 163,589 | 248,695/248, 0061 288, 240 1,073, 903 2,284.519W
2001 283,973 177,288 { 269, 530/300, 000 312, 397 1,163,832 .2,50?.000
2002 302,641 195,956 | 288,198/305, 000 331.045 1,182, 500 %2, 605, 340
2010 305,591 | 190,784 | 290, 038/345, 000 336,157 1,252, 430 2,720,000

2)

Generation Load dischérged by the Population

The generation load bf the settled population was calculated using the



pollutant load factor adopted in the Basic Sewerage Plan of SMG pub-
lished in 1984.

Table 2.1.1-2 Adopted Pollution Load Factor by Basic Sewage Plan of SMG

Treatment It Pollution Load of Population Pollution Load of T |
“Ttem ' ota
~Ristrict Domest | Night Soil | Sub-total Commercial Use
_________________ BOD -29 19 48 14.2
Anyang:™ e e
$S 29.3 25 54 14.3
BOD 23 19 45 12.8
Tan - :
$S 29.3 25 54 12.9
BOD 29 10 ' 48 18. %
Joongnang -
$S 29.3 25 54 19.0

cf:converted figures 1990

Table 2.1.1-3 Pollution Load Amount of Anyang Chong Basin(1930)
$t.1~2 | St.2~4 | St.4~5 |St.5~6 | St 3~ Total
Population 262,031 163, 589 496.756 288, 240 1,073, 903 2.284.519u
BOD(kg/déy) 16,298 10,175 30,898 17,929 66, 797 142,097
S S(kg/day) 117, 897 11, 173 | 33,328 19,681 73,348 | 156, 033

(3) Bstimate of Generation Load Discharged by Industry
1) Industrial Classification and Production Amount within the Basin

The data on the factories in the basin were offered by Seoul Metropoli-
tan. These data includes the industries in the basin and the number of
workers in each unit of the distriet. The data Iist textile, chemistry,

machinery and others as major industries of this area.

The production amount of each factory classification within the basin
was calculated by multiplication——population amount per employee number
nultiplied by employee number--using the results from the Research on
“the Load Factor Discharged from Factories compiled by the Ministry of

Commerce in 1984,



The production amounts of the year 1990 were arrived at, based on the

assumption that annual growth rate was 10% from 1984 to 1990.

Table 2.1.1-4  Production Amount pér Employee
_Nynit:million Woh per year
Textile Chemistry Machinéry -Others
1984 16.4 55.3 21.3 10. 8
1990 29.1 98.0 37.1 19.1

Table 2.1.1-% Employee Numbers & Yearly Production Amount
Unit: persons.rMillion ffon per Year

St.1 to 2 |'§t.2tod |5t. 4 tob }S8t'5 to 6 |St.3 to

 Employee nos| 3,158 | 6,018 873 12, 949 8. 994

e Production A 91,898 175,124 25,404 | 1,249,818 261,725
Employee nos 10, 980 2,223 2,814 28, 525 2, 340

o Production A| 1,076,040 217, 854 275,772 | 2,795, 450 | 229,320
Employee nos 23,873 10, 806 14,612 89,693 20,040

Ha Production A 900,012 407,386 558;872 3, 381, 426 755,508
Bmployee nos | 17,951 4,650 7,455 47, 864 11,066

ot Production A 342,864 88,815 142, 341 914, 202 211, 361
‘Employee nos 55,962 | 23,698 25,753 | 209, 030 42, 440

fo Production A| 2,410,814 889,1?9__ 994,439 | 8,340,894 | 1,457, 814

Te:Textil Ch:Chemistry Ma:Machinery O0t:0thers Production A:Productiion Amount

_2) Estimate of Generation lLoad Discharged by Industry

" The industries in Korea are classified broadly into four categories,

textile, chemistry, machinery and others. Machinery is further divided
into three and others into four sub—catégories.

The pollutant load factor per production has not been defermined in
Korea, because there was no Industry Pollution Load fae¢tor included in
the data. The pollutant load factor was thus estimated using the-déta in
the Pollution Load Factor from the:lapaneée Design Criteria of Sewerage
Facilities.

The industry discharge factor was estimated using the results of the
Research on the Load Factor Discharged from Factories compiled by the

Ministry of Commercae of Korea in 1984,



The estimates were arrived at using the Tollowing formulas

Industry Discharge Factor
=discharge from the factories / production amount
industry pollution Load Factor

=discharge from the factories / pollution amount

a. Iindustry Discharge Factor and Discharge by Bach Factory Classification

per Production Amount
i. Industry Discharge Factor per Production Amount
The industry discharge factor is indicated as follows.

Table 2.1.1-6 Industry Discharge Factor

unit:m3/million won

Industry Discharge Factor
Textile 17.7
Chemistry - 28.3
Machinery. _ .1
Others 4.8

ii. Discharge of Each Factory Classification

The discharge of each factory category, which was estimated using its

production amount and the discharge factor, is as follows.

‘Table 2.1.1-17 Industry Discharge

Unit:n®/day

St.1 to 2 [St.2to4 [St.4to5 |St.5to6 |St.3 to

Textile 4, 458 8,492 1,232 60, 608 12,692
Chemistry | 83,430 16,8081 21, 382 216, 743 17,180
‘Machinery 17, 507 7,924 10,716 65, 776 14, 696
Others 4,509 1,168 1,873 12, 022 2,780
‘Total 109, 802 34,475 35,203 355, 149 47, 948




b. Estimate of the Production Amount

The production amounts were estimated using the ratio of the production

amount to each factory sort and the calculated total.

Tahle 2.1.1-8 Industry Production Breakdown (Seoul Areca)

Production per year Ratio
Textile 1,164k ien wom 1. 00060
Chemistry 1,182 1.00000
Machinery 2,462 1. 00000
Casting & Nonferrousmetal 256 0.10398
Primary Metals 386 0.15678
MachinerygInstrumentation 1,820 0.73924 |
Others 2, 515 1. 00000
Foods 1,673 0.66521
¥ooden 65 0.02584
Printing 599 0.23817
Others 178 0.07078
Total 7,323 -




¢. Pollution Load Factor per Industry Discharge
Pollution load factor per industry discharge was estimate using the
data of the Japanese Design Criteria of Sewerage Facilities because the

data obtained from Korea were insufficient.

Table 2.1.1-9 Industry Pollution lLoad Factor

_________ BOD (g/m”) $ 8 (g/n%)
Textile 15.0 ~ 22.9
Textil Industry 20.0 15.0
Clothing | ~ 10.0 30.0
Chemistry 633. 0 233.0
Resin acid & Glycerin 600.0 500.0
Crude Drugs ' 1,000.0 100. 0
Petroleum 300.0 100. 0
Casting & Nonferrousmetal 50.0 100.0
Primary Metals 360. 0 230. 5
Machinery & Instrumentation 25.0 20. 0
Machinery 0.0 30.0
Instrumentation 16.0 100. ¢
Foods 2,400.9 1,200.90
Wooden _ 10,0 40.0
Printing 200.0 80.9
Others 10. 0 100.0




d. Industry Discharge

The industry discharges of the nine categories were calculate using the

ratio presented above.

Table 2.1.1-10 Industry Discharge of Anyang Chong Basin

uni t:n®/day

Item St.1to 2| St.2to 4 | St.4to 5[ St.5to 6| St.§ to

Textile 4, 456 8,492 1,232 | 60,608 | 12,602
Chemistry 83,430 | 16,891 | 21,882 | 216,743 | 17,780
Machinery 117, 507 7,924 | 10,716 | 65 776 | 14,696
Casting & Nonferrou 1, 820 824 1,14 8, 839 1,528
Primary Metals 2, 745 1,242 1,680 10,313 2,804
Machin & Inst 17,942 | 5,858 7,922 48,624 | 10,864
Other 1,509 1,188 | 1,873 | 12,022 2,780
Foods 2, 999 17 1,246 7,997 | 1,849
¥ooden 117 30 18 311 12
Printing 1,074 278 146 2,868 | 662
Others 319 83 133 851 © 197




e, (Generation Load by Industry

The generation load by industry based on the industry pollution load

factor and industry discharge is presented in the Table below.

Table 2.1.1-11 Industry lnput Load of Anyang Chong Basin
unit:kg/day

ftem St.1to 2| S§t. 2to 4 | St. 4to & St. §to 6| St.3 to
BOD 66. 8 127. 4 18.5 909.1 190. 4
Textile :
§ S 100. 3 191.1 21.1 1,363.1 285. 6
BOD | 52,811.2]10,692.0413,534.8 137,198.3 | 11, 254. 17
Chemistry
$3 19, 439. 2 3,935.6 4 4,982.0 50,5011 4,142.1
BGD 91. ¢ 41.2 55. 17 342.0 T6. 4
Casting & Nonfer
] Y 182.0 82.4 111.4 683.9 152. 8
: BOD 988. 2 447.1 604.8 3, 712.1 829. 4
Primary Metals -
S8 | 632.1 286. 3 387.2 2,377.1 531.1
BOD 323. 6 146.5 198.1 1,215. 6 211. 8
Machin & Inst .
S 258.8 117. 2 168.4 972.5 217.8
BOD 7,197;6 1,864.8 2,99G. 4 19,192.8 4,437. 8
Foods -
$S 3.598. 8 932.4 1,495.2 9,596, 4 Z2,218.8
BOD 1.2 0.3 0.5 3.1 0.7
¥Wooden
: S8 1.1 ) 1.2 1.9 12. 4 2.9
BOD 214. 8 55. 8 89. 2 572.8 132. 4
Printing .
$S 64. 4 16. 17 26.8 171.8 39.17
. BOP 3.2 0.8 1.3 8.5 2.0
Others :
S 3 . 31. 9 8.3 13.38 85.1 19.17
Total BOD | 61,630.8 | 13,248.3 17, 474.8 | 162,245.6 | 17,004.8
ota
S$S3 24,312.8 5,571.2 1 1,203.9 65,764.0 [ 7,610.6




(3) Generation Load by Land Utilization

1) Present Land Utilization Conditions

The preseat land utilization condition and the land utilization plan
for Seoul Metropolitan”have not been compiléd. Therefore, in order to
grasp the present state of land utilization at each observation station,
the condition of land utilization was studied at each river basin based
on the Town Plan of Seoul Metropolitan published in 1989, 1/25,000 in
scale. However, this method includes the areas of the productive green
zone, natural green zone, development restricted zone, the agricultural
farm zone, the bush zone and the green zone conbined.

The land area fomation ratio_of the farms, paddy fields including or-
chards and forest, were determined using the land utilization area
survey of the smallest district. Each of the land utilization area was
obtained by using the determined land arga formation ratio. The green
zone area includes the development restricted zone, the natural green

zone, the reductive green zone and the scenic zone.

Table 2.1.1-12 Land Use Area by Each Observation Station

unit:kn®
Farm | Paddy Forest | Residence Others Total
St.1 to 2 0.328 | 0.746 12,320 14. 738 1. 457 19. 580
5t.2 to 4 0.156 | 0.73% 2.121 1. 532 5,876 10. 430
5t.4 to b 5.881 1 8.641 25.0441  17.874 0.450 98. 690
St.5 to 6 0.166 | 1.272 10. 460 13.335 1. 987 27. 220
St.3 to 0.100 | 0.0731 16.023 24.035 1.599 41. 830
Total 6.632 | 12.471 55,974 71. 314 11. 369 157. 760

2} Generation Load by Land Utilization

Generation unit Load

The generation unit load of the land utilization was adopted from the
basic study result for principal rivers in Korea which was summarized

in the Basie Plan and thé Detailed Plan of the Water Purification Pro-



ject for Anyang Chong

The patk is classified the forest category. While residential zone,

quasi~industrial zone,

zone fall under the residential area category

Table 2.1.1-13

Polliution Load Factor by Land Use

the

the quasi-residential zone and the commercial

unit:kg/km? day

Farm Paddy Forest Residence Others
BOD T.10 5.12 0. 96 87.59 0.96
$8 T.58 4.41 1. 26 227.73 1.26

b) Generation Load by Land Utilization

The generation load by land utilizaion was calculated using the size of

the land and the generation unit load.

Table 2.1, 1-14

Input Load by Land Use

unit:kg/day

Farm | Paddy Forest | Residence | Others Total
BOD 2.3 3.8 2.2 1,290.9 1.4 1,300.86
St. 1 to
$Ss 2.5 3.3 2.9 B 3,356.3 1.8 3,366.8
BOD 1.1 3.8 2.0 134.2 5.6 146. 1
5t.2 to
S S 1.2 3.3 2.1 348. 9 7.4 363. 5
: BOD 41. 8 49. 4 24.0 1,548.1 0.4 1,663, 17
5t.4 to ) : .
S S 44,8 42. 5 31.6 4,024.9 0.6 i,144.2
' BOD- 1.2 6.5 10.¢0 1,168.0 1.9 1,187. 6
St.5 to '
§Ss 1.3 5.6 13.2 3,036.8 2.5 3,059 4
BOD 0.7 0.4 15.4 2;105.2 1.5 2,1238.2
St. 3 to
S§ 0.8 0.3 20,2 5, 473.5 2.0 5.49§;§h
Total BOD 47.1 63!9 53. 6 6, 246. 4 10.8 6,421.8
ota
S S 50.4 55.0 70. 6 16, 240. 4 14.3 IBV}30 7




(4) Generation Load by Livestock

1} Present Condition of Livestock

The present condition of the livestock within the basin is shown in the

following.

Table 2.1.1-15 Livestok Amount of Anyang Chong

unit:head
St.1to2 {St.2tod |St.4to5 [St.5tob |St.3 to
Cow 3 818 2, 506 §, 986 mﬁ‘zé
Pig 11 1,134 5,059 8, 285 2
Chicken - 162 47, 908 . 25, 848 882
Toal 20 2,114 55,478 41,119 713

2} Generation Load by Livestock
a. Generation Unit Load of livestock

The generation unit load of thé livestock was estimated on the basis of
the investigative study by Seoul Metropolitan. The result is indicated
in Table 2.1.1-16.

Table 2.1.1-16 Livestock Pollution Load Pactor

BOD (g/head} S 8§ (g/head)
Cow 640 _ 3,800
Pig | 125 356
Chicken 12.5 18

b. Generation Load by Livestodk

The generation load by livestock was estimated'using thi number of the

livestock ( in Table 2.1.1-16 ) and the generation unit load.



Table 2.1.1-17

Livestock Input Load

unit:kg/day

St.1 to 2 [St.2 to 4 |St. 4 tod [3t.5 to 6 St.émto
BOD 5.8 523.5 1,603.8 4,471. 0 18.6
Co¥ S S 34.2 3,108. 4 9,522.8 26, 546. 8 110. 2
' BOD 1.4 141.8 632.4 i,035.6 0.3
rie SS§ 3.9 403.17 1,801.0 2,949. 5 0.1
Chickon BOD 0 2.0 598.9 328.1 8.5
S S 0 2.9 862.3 465. 3 12,3
BOD 7.2 667.3 2,835.1 5,829.1 27. 4
Tétal S S 38.1 3, 515.0 12,186.1 29, 961. 6 légfgw
(5) Result
The generatibn load obtained by the method described above is summarized
in Téble 2.1.1-18 and 18.
Table 2.1.1-18 - Continuous lnput Load. (BOD) unit:kg/day
‘ St.1to?2 [St.2 tod |St.4tob [St.5to6 |St.3 to
Poulation 16,298 10,17% ‘30, 898 17,929 66, 797
Industry 61,631 13, 248 17, 47H 162, 246 17,605
Land Use 1,301 147 i, 664 1,188 2,123
Livestock 1 6617 2, 83% 5, 830 27
Total 79,2317 24,2317 52,872 187,183 8%, 952
Table 2.1.1-1% Continuous Input Load (S §) unjt:kg/day
St.1 to 2 [S$t.2 to 4 |St.4d to b [St.5 tod |S5t.3 to
Poulation 17,897 11,173 33,928 19, 687 73, 348
Indﬁstry 24,312 5,611 7,204 65, 764 T, 611
Land Use 3,367 364 4, 144 3,059 5, 497
Livestock 38 3,518 12, 18% 29;962 123
: ;Total “45,615 m30,623 57, 482 118, 472 86, 579
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