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4.4 Evaluation of Calculation Results
The inflowing loads and river discharges from each basin are
summarized in Table 4.4-1 for each case, and the change of loads

and discharges are shown in Fig.4.4-1 by each basin.

Fig.4.4¥2 and Fig.4.4-3 show the change of the mean water quality
in each water area for BOD, T-P and DO.

The future water quality of these indeces is estimated as

follows:
BOD : Strong rise of concentration is seen in Block F
situated in the inner northeastern part as 4.6 mg/l in
2000, 4.9 mg/l in 2010 from 4.0 mg/1l in 1991.
T-P : Concentration rise of 0.05 mg/l to 0.1 mg/l is seen in
the whole bay. '
DO : Concentration becomes worse in the whole, particularly

water areas of Block C, D and El show 1 mg/1l to 2 mg/l

decrease.



Table 4.4-1 External Load from Sub-Basin Groups

Case Sub Basin | Discharge BOD PO4A-P 0-p
Group (m3/s) (t/day) | (t/day) | (t/day)
Bast 12. 41 44. M 0. 67 1.002 |
Northeast 84.23 55. 58 1.28 1. 920
2000 Northwest 71,63 114. 19 2.62 3. 936
West 74. 38 176. 41 4. 48 6.726
Isiands 4. 81 8.29 0.21 0. 318
Total 247. 16 399. 50 9,27 13. 902
East 13,47 47. 21 0.7% 1.122
Northeast 87. 75 §4. 27 1. 49 2.232
2010-1 Northwest 76. 32 127. 45 2.94 4. 404
¥est 6. 46 182.01 4. 64 6. 954
Islands 4, 60 8. 54 0.22 0.330
Total 2498, 60 429. 53 10.03 15.042
Bast - 13. 55 47. 50 0.76 1.134
Northeast 87.82 64. 47 1.49 2.239
2010-2 Northwest 78. 30 132. 80 3.06 4. 591
West 71. 92 185. 99 474 1.111
Islands 4.65 - 8.69 0. 22 0. 336
Total 262, 24 439. 44 10,28 15. 416
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. CHRPTER 5

EFFICIENCY EVALUATION OF
SEVERAL MEASURES




5.1 Case of Calculation

The efficiency evaluation for applicable measures is performed

for the following cases;

(i) ~ IDB/OECF Program

Case 1-1 :

Case 1-2 :

Completion of sewage treatment plants
(primary treatment) in the year of 2000.
Completion of sewage treatment plants

(seccondary treatment) in the year of 2010.

(2} Additional Sewage Treatment Plants

Case 2 :

(3) Ocean Outfall
Case 3-1 :

Case 3-2 :

Case 3-3 :

Case 3-4 :

Case 1-2, plus
Preparation of additional sewage treatment
plants (primary treatment) in urban areas in

the year of 2010.

System

Case 1-~1, plus

Ocean outfall system applying to sénitary
districts south of the Pavuna's sanitary
district and south of the Toque-Toque's
sanitary district in the year of 2010.

Case 1-1, plus

Ocean outfall system applying to sanitary
districts south of the Penha's sanitary
district and south of the Toque-Toque's
sanitary district in the year of 2010.

Case 1~1, plus

Ocean outfall system applying to sanitary
districts south of the Alegria's and
Fundao's sanitary district and south of the
Toque-Togue's sanitary district in the year
of 2010.

Case 141, plus _

Ocean outfall system applying to sanitary
districts south of the Botafogo?s sanitary
disfrict and south of the Icarai's sanitary
digtrict in the yeér of 2010.



(4} High~CGrade Sewage Treatment
Case 4-1 : Case 1-2, plus
20% reduction of T-P from secondary
treatment plants of IDB/OECF Program in the
year of 2010, |

Cage 4-2 : Casge 1-2, plus ‘
40% reduction of T-P from secondary
treatment plants of IDB/OECF Program in the
year: of 2010.

Case 4-3 : Case 1-2, plus

80% reduction of T-P from secondary
treatment plants of IDB/OECF Program in the
"year of 2010,

(5) Dredging of Polluted Sediments

Case 5-1 : Caée 1-2, plus
Dredging of polluted sediments in Block C.

Case 5-2 : Case 1-2, plus
Dredging of polluted sediments in Block D.

Case 5-3 : Case 1-2, plus
Dredging of polluted sediments in Block El.
Case 5-4 :  Case 1-2, plus

Dredging of polluted sediments in Block EZ.

{6) Deepening and Widening of Channels
Cage 6-1 : Case 1-2, plus
Dredging of channels,.
Case 6-2 : Case 1-2, plus

Dredging and widening of channels,
5.2 Conditions of Calculation
The inflowing loads used for the above cases are shown in

Table 5.2-1 and the total loads for each basin are summarized in
Table 5.2-2.

b
!
N



" Table 5.2-1(1) External Load used for simulation in Case 1-1

RIVER INFLOW 1BB/ORGE (PRIMARYY 1N 2000 CASE 1-1
. Bischarge Bob POA-P 0-p
3] NAME 1 | J (m3/s) {t/day) (t/day) | (t/day)
River load -
1 | B. ~CHARITAS 46 1 38 1.23 1.23 0. 064 0. 096
% | CANAL CANTO DO R0 431 3 0. 97 0.97 0.048 0,072
.31 B, -CATEDRAR 0] 43 0. %0 .87 0,044 0.068 |
4 | B. -NORTE CENTRO 40 47 1.01 i.01 0,052 0.078
_____ 5 | RO _BOMBA _ 45} 82 4.48 5. 32 0. 244 0. 365
6 | RIO IMBOASSU 52 | 63 3.82 1.85 0,200 | 0. 300
Eastern Sub Total 12. 41 17.25 0.652 0.978 |
7 | B.~1TADCA ' 521 10 0.89) L84} . 0.048 0.072
______ B|RIO ALCANTARA. | 53] 176 13. 41 25. 33 0.612 0. 418
91 R10 CACERERU 60 | &1 28.54. 19. 46 0.420 0. 630
10 { R10 GUAPIMIRIN 591 871 32. 1% 5.22 0,115 0.174
11 | CANAL DE MAGE 57] 88 0.-70 0.45% g.012 0.018
12 | R10 RONCAIXIR 56 | 88 3.18 1.96 )  0.044 0. 066
133 Rio IRIRI 431 90 .o . 6.%8 0.012 0.018 |
14 | BIG SURUI . 44| 87 2. 15 0. 74 0.016 . 0.024
Northeastern Sub Total 84.23 35. 58 1. 280 1. 920
15 | B. -MAUA 341 84 0. 9% 0.471  ©.012 0.018
16 { RIG ESTRELA 23| 8¢ 15.0% 15. 44 0.348 0.522
i71 i R10 - 1GUACU 17 1% 29.35 38. 30 0. 868 1. 302
172 i R10 SARAPUI 171 16 22.817 42.87 1. 204 1. 806
18 | B.-CABC DO BRITQ 121 1 3.317 5.82 0.172 0. 258
Northeestern Sub Total 71,63 i0Z. 90 2. 604 3. 906
19 [ RI0 $. ). DE MERITI ‘ 9] 63 30,19 62. 53 1724 2. 586
20 | RIO 1RAJA 1] 62 9.83 15, 51 0. 500 0. 900
21 | CANAL DQ CUROA - 19t 49 15.99 22.67 0.948 1.422
22 | B. 5. CRISTOVAD 23 [ 45 1.28 1. 69 0.072 0.108
23 | CANAL DO MANGUE 23| 43 9. %9 16. 85 0.592 0.888
24 | B. -BOTAFOGO 321 35 1.10 15.04 0,444 0. 566
¥estern Sub Total 14.38 134.0% 4.380 6. 570
25 1 1.DO GAVANADOR 231 66 3.6 _5.45 0.172 0.258
26| 1.D0 FUNDAD 18] 5z 0.26 0.20] 0004  ©.006
21 1 1.DE PAQUETA 431 712 0.1t 0.15 0. 004 0. 006
28 [ 1.D0 ENGENHO 431 56 0.25 0.53 0. 016 0.924
| 2911.pE s.CRUZ tatlw 0.13 0. 23 0.008 0.012
islands Sub Total ] 4. 51 6. 56 0.204 0. 308
River load Total 247. 16 316. 38 §.120 13. 660
Direct Load
007 1431 36 - 2.13 - -
001 : 461 85 - 6. 70 - -
004 46 | 56 - 2. 40 - -
008 441 3 - 2.10 - -
00g 401 471 - 1,94 - -
027 45 521 - 0.80 R
034 ) 46| 87 - 0. 66 - -
044 46§ 51 - 0.51 - -
047 - 46 | 57 - 0.48 - -
062 1. 48| 5% - 0. 38 - -
113 51| 62 - 0.22 - -
Eastern Sub Total ' - 18. 32 - -
016 T 16 - 1.32 - -
018 1] 16 - 1. 20 - -
0751 171 76 - 0.33 - -
0z9 - AT 18 - 0.79 - -
086 171 16 - 0.31 - -
137 10| 68 - 0.16 - -
Nerthwestern Sub Total I A - A11 - ~
030 11 |- 62 - 0.172 - -
04z 13 62 - : 0. 52 - -
N 32 36 - 1 0.45 - -
Western Sub Total = o189 - -
Direct Load Total = 24. 11 - -
Total ) 247,16 340. 49 §.120 13.680




Table 5.2~1(2) External Load used for simulation in Case 1-2

RIYER INFLOW . _IDB/OECF {SECONDARY) 1N 2010 - CASE 1-2
_ ' | Discharge |  BOD Po4-p [ 0P
WO | - NAME UL bmdfs) . | (t/day) | (t/day) | {1/day)
River load o l -
1 /B -CHARITAS . = | 461 3B 1.21 0.47¢ - 0.084)  0.09
2 | CANAL CANTO DO RIG 43] 39 1. 00 G.37] . 0.048 ) 6,072
3| B -CATEDRAR . - 401 43 0.93 0.33 ~ 0,044 0. 068
4 | B. -RORTE CENTRO 40 ¢ 41 1.05 0.39 - . 052 0.078
5|RIGBOMBA - -~ 451 b2 5:00 2. 86 0.2121 0,408 [
6 | Ri0 IMBOASSY 521 83 .30 9. 13 g0.232- . 348
Easiein Sub Total . 13. 55 13.55 0. 7127 1.068 %
7 | B.~ITAOCA : 521. 10 1. 00 2. 14 0. 056 0. 084 h
8 | RIO ALCANTARA 591 16 14.75 28. 99 “0.704 1. 056
9 | R10 CACEREBU 60 B8] = 30.3% 22. 80 0. 500 8. 750
10 | RIO GUAPIMIRIN ) 59| 87 33. 25 5971 0,132 0.198
‘11 | CANAL DE MAGE 571 88 0.73 “0.55] - 0.012 0.018
12 | RIG RONCADOR 56 | 88 .1 2,35 0.052 1  0.078
13 | RIO RIRT 49| 90 1.05 0.69 0.016 | - 0.024
14 | RID SURD} 441 87 2.21 0. 88 0.020] - 0,030
Northeastern Sub Total - . 87, 82 4. 47| - 1.492 2. 238
A5 | Bo-MAVA - 4] 84 1:03 0. 56 0.012 {0.018
16 | R10 ESTRELA 23| &0 16.19 1847 1. 0. 420 0. 630
171 | RIO-IGUACY - 171 76 31.93 45. 29 i. 032 1. 548
172 | R10 SARAPUI 17 16 . 25.30 43.98 1  1.380 2..040
18 | B. -CABO DO BRiTO 121 Ti 3.85 6.11 0. 204 _ 0.306
Northwestern Sub Total . 78. 30 114, 41 3.028 4,542
19 | R10 S.J.DE MERITI 91 63 31. 88 6Z. 0% i. 824 2. 736
20 b RIOCIRAJA 11| &2 10.°25 11. 10 0.612 0.218
21 | CANAL IO CUNHA 19| 48 16. 66 13.86 0, 964 1. 446
22 | B.-8. CRISTOYAQ 1. 23] 48 1.33 1.02 0.076 0. 114
23 | CANAL DO MANGUE ol 23] 43 10, 40 18.07 0. 608 0,912
24 | B. -DOTAFOGO 321 35 1. 40 14. 52 0. 460 0. 690 §
Hostern Sub Tolal 71.92 115. 66 4. 544 6: 816 =
25 | 1. DO _GAVANAROR 23| 66 1.89 4. 63 0.180 0.270
26 { I. DO FUNBAD 18| 582 0. 26 0.17 0. 008 0.012
27 | LDE PAQUETA . 43| 12 0.11 0.18 0. 004 0, 006
28 | 1.D0 ENGENHO 43 56 0. 25 0. 56 0.016 0.024
29 { 1.DE 5. CRUZ 411 51 0. 14 0. 24 0. 008 0.012
1stands Sub Total 4. 85 5. 76 0. 216 0.324
River load Total o 262. 24 313. 85 9,992 14, 988
Direct Load } :
007 431 38 - 2.13 - -
01 46 | 8% - §. 10 - -
004 46 | 56 - 2,40 - -
0038 41 - 2.1¢ - -
004 01 47 - 1.94 - -
021 451 52 - 0. 80 - -
034 46 | 61 - 0. 68 - -
044 46 | 57 ~ 0. 51 - -
047 46 | 5T - 0. 48 - -
062 48[ 59 - 0.38 - -
113 ' 511 62 - 0.22 | - -
Eastern Sub Total : - i8. 32 - -
815 : 171 78 - .32 - -
018 ) . 17} 16 - 1,20 - -
075 171 16 - 0.33 - -
629 171 7 - 6.79 - ~
186 171 16 - 0,31 - -
137 10§ 68 - 0.16 - -
Northwestern Sub Total - 41 - -
030 111 62 - 0.72 - -
042 : 117 62| . - 0.52 - -
051 321 36 - 0. 4% - -
Western Sub Total - 1. 68 - =
Direct Load Total - 24.11 - -
Total ) 262. 24 337. 96 9,992 14, 988




Table 5. 2-1(3) External Load used for simulation in Case 2

RIVER INFLOW [DB/OECF (SECONIHOP-PR|) IN 2010  CASE 2
: Discharge ROD PO4-P 0-P
RO |- NAME UL J | {a3/s) (t/tay) (t/day) | (t/day)
River load
1| B. -CHARITAS 46 1 38 1,21 0.47 0. 064 0.09%6
2| CANAL CTANTC DD RiO 431 3 1. 00 0.371 . 0.048 0.072
3 | B. -CATEDRAR 40 ] 43 0. 93 0.33 0. 044 0. 068
4 | B.-NORTE CENTRO . 40 1 41 1,08 0. 39. 0,052 0.078
5 | R10 BOMBA . 45 52 5.00 _2.86 0,272 0. 408
6| R10 -IMBOASSU 521 63 4.30 . _b.53 0.228 0. 342
Eastern Sub Totai 13. 5% 10. 95 0. 708 1. 062
7 { B.~1TA0CA ' 521 10 1.00 2. 14 0, 056 0. 084
8 | RIO ALCANTARA | 59} 76 14.75 23. 23 0. 688 1.032
9 1 R10 CACERERU 60| 81 30. 89 21.28 0. 496 0. 744
10 { RID GUAPIMIRIN 590 87|. 33.25 5.91 0.128 0.192
11| CANAL DE WAGE 571 &8 0.73 0,55 0.012 0.018
12 { RI0O RONCADOR 56| 88 3.9 2.35 0. 052 0.078
13§ RIO IRiRI 49| 90 1. 0% 0. 69 0. 016 0.024
14 | R10 SURuI 441 81 2.2 0. 88 0. 020 0. 030
Northeastern Sub Total 81.82 56. 03 1. 468 2.202
15 | B. -MAVA 34 84 1. 03 0. 56 0.012 0.018
16 | R10 ESTRELA 231 80 16. 19 16. 57 0.416 0.624
171 | RI0 16UACY 17 16 31,93 18. 46 1.016 1. 524
172 | Ri0 SARAPUI 171 76 25. 30 35.62 1. 340 2.010
18 | B.-CABO DO BRITO 12| N 3. 85 5. 69 0. 204 0. 306
Northwestern Sub Total 18.30 86, 80 2.958 4. 482
19 [ RIO S. ). DE MERITI 9] 63 31.88 43. 68 1. T80 2. 670
20 F RIO IRAJA 11} 62 10. 25 8. 66 . 604 0. 906
21 | CANAL DO CUNHA 191 49 16. 66 13. 86 0. 964 1. 446
221 B.~S. CRISTOVAD 23] 45 1.33 0. 95 6.076 0. 114
23 | CANAL DO MAKGUE 231 43 10, 40 13. 07 0. 608 0. 912
24 { B. -BOTAFOGO - - 3241 35 1.40 11.00 0. 452 0. 678
Western Sub Total ' 71.92 91. 22 4. 484 6. 726
25 | L. IX» GAYANADOR 23{ 66 3.89 3. 81 0.176 0. 264
26 1 1. D0 FUNDAO 18) 52 0. 26 0.17 0. 008 0.012
27| L. DE PAQUETA - 35 12 0.11 .16 0. 004 0.006
28 | 1. DO ENGENHO 43 | 56 0.25 0. 56 0.016 0,024
29 F L. DE S. CRUZ 11 5 0.14 0.241  0.008| 0,012
Islands Sub Total 4,55 5. 04 0.212 0.318
River load Total 262. 24 260. 14 9, 360 14, 790
PDirect Load .
007 [ 43 s B I T 1 I
001 . 46 | 55 - 670 - -
004 461 56 - 2,40 - -
008 . 44| 51 - 2. 10 - -
00§ 40 | 47 ; - 1.4 - -
021 451 52 - {. 80 - -
034 46 | &1 - 0. 66 - -
044 46 | 51 - 0. 51 - -
047 46 | 81 - 0. 48 - -
062 L 48] 59| - .38 - -
113 511 62 - 0. 22 - -
@ " | Eastern Sub Total - 18. 32 - -
i 015 171.76] - - 1.32 - =
018 171 16 - 1.20 - -
078 : 171 76 - 0. 33 - -
029 . 171 16 - - 0,79 - -
088 171 76 I I ) U WU I
137 — 10} 63 - 0.16 - -
Northwestern Sub Total = -~ 411 - -
030 11| §2 - 0.12 - -
| 042 11| 62 - 0.52 - -
{51 - 321 36 - 0, 45 - -
Western Sub Total - 1. 69 - -
Direct Load Total - 24.11 - -
Total 262. 24 284. 25 9. 860 14. 790




Table 5.2-1(4) External Load used for simulation in Caée 3-1

RIVER INFLOW : ._BYPASSL. IN 2010 : ‘ _CASE 3-1
oo Discharge | . -BOD PO4-P o-P
NO HAME Lo sl i) {t/day) | (t/day} | (t/day) |
River load : ‘ '
I | B. -CHARITAS : 46 1. 38 0.12 0,071  0.008 0. 012
2| CANAL .CANTO DO RIO 43| 3% 0.10 0.06 0.004 | = 0.006
3 | B. -CATEDRAR 40| 43 0.09 0,05 . 0.004 6. 006
4 | B. -NORTE CENTRO 40 | 41 0.10 0.06 0.004 0. 006
5 | RIO BOMBA: 45 | 82 41 6.07]  0.280 0. 420
6 | RID IMBOASSU 52| 63 4,300 © 913 G.232 1 - 0.348
Eastern Sub Total : 9.48{ - 15,44 0. 532 0. 798
T 1B -1TAOCA : 521 10 N 2.14 0. 056 0. 084
8 | RIG ALCANTARA 591 176 14,15 28.93 ]  0.704. 1,056
9 | RI0 CACEREBU 60| 81 30.89 22.90 | 0. 500 0. 750
10-| RID GUAPTMIRIN 591 81 33.25 5911 0.152 0.198
11| CANAL DE MAGE 571 88 013 0.55 - 0.012 0.018
12| RI0 RONCADOR 1 58] 88 3.94] - 2.35 0.052 ] . 0.078
13 [-RI0Q.IRIR] . 49.1 90 1. 05 _ 0. 8% 0.016 0.024.
14 [ R1O SUREI _ 41 817 - 2a 0. 80 0. 020 0.030
Northeastern Sub Total - : " B1.82 64. 39 1.492 2.238
15 1 B.-MAUA - . 3| B4 .03 0. 56 0. 012 0.018
16 [ RIO ESTRELA 231 8¢ _16.19 i8. 47 0.420 0. 630
171 | RIO 1GUACU 171 1% 31. 93 45.29 1.032 1. 548
172 | RI9 SARAPUI 17,1 78 24,96 48, 59 1,372 2.058
18 [ B.-CABO DD BRITO 127 1 A 6. 90 0. 208 0. 312
Northeestern Sub Total 17. 90 119. 81 3. 044 4. 566
19 { RID §. J.DE MERITI 9 63 26.16 | - 59.87 1. 524 2. 286"
20 | R10 IRAJA . 111 862 4.02 8.59 0. 256 0. 384
21 | CANAL DD CUNHA 191 49 4.54 9. 04 0. 288 0. 432
22 | B.~5. CRISTOVAO 231 45 0. 36 0. 66 0.02¢ 0.030
23 | CANAL DO MANGUE ' 231 43 5. 01 10. 984 6. 308 0,462
24 | B. -BOTAFOGO 321 3 5.91 13,93 0. 376 0. 564
Hestern Sub Total ' £6. 10 103. 03 2.172 4. 158
25 | 1.DO GAVANADGR: 23] 6% 3. 80 5. 70 0.184 0. 278
26 1 1.D0O FUNDAD 18] 52 0. 16 0.16 0. 004 0. 006
27 | 1. DE PAGUETA 431 12 6. 1} 0..16 0.004|  0.006
28 | 1.D0 EXGEHHO 43! 56 0. 25 0. 56 0.016 024
29 ) 1.DE §.CRYZ 48 1] 014 0. 24 0. 003 0.012
Islands Sub Total 4. 46 .82 0. 216 {. 324
River load Total 225.76 309, 49 8.056 12, 084
Direct Load
001 .| 43] 36 - 2. 13 - -
091 461 55 - 6.70 - -
004 46| 56 - 2. 40 - -
008 . ] 441 81 -~ 2.10 - -
L . 0] 41 - 1.94 - ~
6217 451 52 - 0. 80 - -
034 48§ 57 - - .56 - -
044 461 51 ~ 0. 51 - -
047 6] 5 - 0. 48 - -
(62 1. 48] 59 = . 0.38 - -
113 ' 511 62 - 0.22 - ~
Eastern Sub Total - 18, 32 - -
015 17 76 - 1.32 o -
018 171 1% - 1,20 - -
075 171 76 - 0,33 - -
029 ) iT] 18 - 0.7% - -
(86 ' 171 76 - 6.31 - -
131 10| 68 - 8. 16 - -
Northwestern Sub Total - 4. 11 - -
030 X 11] 62 - 0,72 - -
042 11{ 62 - 0,52 - -
051 321 36 - 0. 45 - -
Westorn Sub Total - 1.69 - -
Direct Load Tolal = 24. 11 - -
Tolal . - 225.16 333. 60 _8.056 12,084




Table 5.2-1(5)

External Load used for simulation in Case 3-2

RIVER_INFLOW BYPASSZ 1N 2010 CASE 3-2
1 - Discharge Bop PO4-P o-p
Ho - NAMB i J {n3/s) (t/day) {t/day) {t/day)
River. load

1B -CHARITAS 461 38 0.12 0.08 0.008 0.012

- 2} CANAL CANTO 13 RIC 43§ 39 0.10 0.06 0. 004 0. 006

3 ) B -CATEDRAR 401 43 .09 25,05 8. 004 0. 006

4 | B.-NORTE CEXTRO 40 | 47 0. 10 0.06. 0.004 0. 006

5 | R10 BOMBA 45 |- 82 4.7 6. 07 0. 280 0.42¢

- 6 1 RI0 IMBOASSU 521 63 4,30 .13 0.232 0. 348
Easiern Sub Total 9.48 15.45 |  0.532 0. 798
7 [ B.-1TAGCA 521 10 1.00 2. 14 0.036 0. 084

8 | RIO ALCANTARA 59 76 14.75 28. 99 0. 704 1. 056
3| Ri0 CACERERU 60 | 81 31. 89 22. 90 0.500 .  0.750
16 | Rl0 GUAPIMIRIN 59 1 87 33,25 5. 97 0,132 0.193
11 ! CANAL DE MAGE §1.} 88 0.13 _0.5% 0.012 0.018
12| RI0 RONCADOR 56§ B8 3.9 2.35 0.052 0. 078
13 [ RIO {RIRI 49| 90 1. 0% 0.69 0.01% 0. 024
14 | RIG SURUL 441 87 2.2 0.88 0.020 0. 030

Northeastern Sub Total 87.82 64. 47 1,492 2.238
15 | B, -MAUA 34 84 1.03 . 0.56 0.012 0.018
18 | R10 ESTRELA 23] 80 16. 19 18, 47 0.420 0. 630
171 [ RI0_IGUACY 171 186 31.93 |  48.2% 1.032 1. 548
172 | R10 SARAPUL 17776 | 24.96 48. 59 1.372 2.058

18 | B.-CABD DX BRITO 12] M 3.79 6. 90 0. 208 0.312
Rorthwestern Sub Total 17.90 119. 81 3. 044 4. 566
13 { RIO S.J.DE MERITI 3] 63 31. 56 66. 64 1. 840 2,180
20 JRIC IRAJA i1 62 4.02 B. %9 0. 256 0. 384
21 | CANAL DD _CUNHA 191 49 4. 64 9. 04 0. 288 0.432
22 | B. -S. CRISTOYAQ 23} 45 0. 36 0. 66 0. 02¢ 0.030
23 | CANAL BQ MAKGUE 23F 43| 501 0. 94 0.308 0. 462
24 | B. -BOTAFOGO 321 35| 5.91 13. 93 0. 376 0. 564
Western Sub Totial o 51. 50 109. 80 3.088 4. 632
25 | . DO GAYANADOR 23] 68 3.80. " 5.70 0. 184 0.276
26 | 1. PO FUNDAD i8 | 52 0. 16 0.16 0.004 0. 006
27 [ I. DE PAQUETA 431 12 0.1t 0.186 0.004 0. 006
28 | [. 5O ENGERHO 431 58 0.25 0. 56 0.016 0.024
28 { 1. DE §. CRUZ 411 5i 0.14 0. 24 0. 008 g.012
Islands Sub Total 4. 46 .82 0. 216 0.324
River load Total 231. 18 316. 35 8.372 17. 358
Direct l.oad .
0017 43 36 - 2.13 - -
o 46} 55 - 6. 70 - -
064 46 | 56 - 2.40 - -
008 44 81 - 2,16 - -
009 40 47 - 1.94 - -
021 451 52 - 0. 80 - -
034 451 57 - 0. 66 - -
044 461 57 - 0.51 - -

E 047 46| 57 - 0.48 - -
062 48 | 59 - 0.38 - -
113 51| 62 - 0,22 - -

Eastern Sub Total - 18. 32 - -
015 17] 18 - 1.382 - -
018 174 76 - 1.20 - -

975 17]_16 - 0.33] - -
029 17] 76 - 0.79 - -
086 17] 186 - 0.31 - -
137 . ' 10 68 - 0.186 - -

Horthwestern Sub Total - 4.1t - -
030 1] 62 - 0.72 - -
042 1. 11| 62 - 0. 52 - -
2851 ] - 321 36 - 0. 45 - -
Western Sub Total - 1.69 - -
Pirect Load Tolal - 2411 - -
Total 231,16 340. 46 8.372 12. 558




Table 5.2-1(6) External Load used for simulation in Case 3-3

RIVER INFLOW _ BYPASS3-2 IN 2010 CASE 3-3
: ' | Discharge BOD Fo4-p o-r
N [ - NAME P | (s3/s) (t/day) | (t/day) | (t/day)
River load : 1 ) _
1 | B. ~CIHARITAS 461 38 0.12 0.08 0. 408 0.012
2 | CANAL CANTO DO Rio 431 39| 0. 10 0. 06 0. 004 0.006
3 | B.-CATEDRAR 40 43 6. 09 0.0% 0. 004 0. 046
4 | B. -HORTE CENTRG 01 47 0,10 0.06 0. 004 0.005
5 | RIC BOMBA 45| 52 4.54 6.0T 0.268-| - 0,402
6 | RIO TMBOASSY 521 63 430 . . 913 0. 232 0. 348
Bastern Sub Total . 9. 25 15.45 0..520 0.780
TIB.-ITAOCA . 521 .10 1. 00 2. 14 0, 056 0. 084
§ | RI0 ALCANTARA 581 761 14.15 28.99 0. 704 1. 056
9 | RID CACEREDY 60 8] 30. 89 22, 90 0. 500 0. 750
10 | R10 GUAPIMIRIN 591 81 33. 2% 5. 97 0.132 0. 193
11 | CANAL 'DE MAGE - 571 88 0.73 0. 5% 0.012 0. 018
12 | Ri0 RONCADOR 561 88 3.8 - 2.3% 0. 052 0. 018
13 | RIO iRiRE 481 g0 1.05 0. 59 - 0,016 - 0.024
14 | R10 SURDI 441 81 2.2 0. 88 0.020{ . 0.030
Northeastern Sub Totai . 81.82 4. 41 1.492 2.238
151 B.-Maba - 341 84 _1.03 (.56 0012 06.013 |
16 { Ri0 ESTRELA - 23| 80 16. 19 - 18,47 0. 420 0. 630
171 | RIO IGUACU 171 76 31.93 45. 29 1. 032 1,548
172 | R10 SARAPUI . 174 T8 24. 63 48. 59 1. 356 2.034
18 | B. -CABD PO BRITO 2] N .13 6. 90 0,204 0. 306
Northwestern Sub Total 71. 51 119. 81 3.024 4. 536
19 | RIG 5. ). PE MERITI 9| B3 31. 25 66. 64 1.820 2,730
20 | RIO IRAJA - 111 62 9. 51 16. 25 0. 608 0. 912
21 | CANAL DO CUNIHA 19| 49 4641 - 9.4 . 288 0. 432
22 | B. ~8. CRISTOVAD 231 45 0.36 0.66{ 0.020 0.030
23 | CANAL DO MANGUE 23] 43 5.01 10. 94 0. 308 0. 462
24 | B. -BOTAFGGO ' 32| 35 5.91 13. 98 0. 376 0. 564
¥estern Sub Total 56, 74 117, 46 3. 420 5.130
251 1. DO GAVANADOR 23| 68 3.1 5. 10 0.176 0, 264
26 | 1. DO FUNDAO 181 52 0.16 0,16 0.004 0.006
271 1.DE PAQUETA S 43 72 0.11 0.16 0. 004 0. 008
28 | 1. DO _ENGENHO 43 56 8. 25 0. 56 0.006 | - 6.024
29 | L.DE S, CRUZ : i1 & 0. 14 0.24 0. 008 0.042
Isiands Sub Toial 4.31 6. 82 0. 208 0.312
River load Tolal - 235. 89 324.01 8. 664 12. 896
Pirect Load :
007 431 36 - 213 - -
001 461 55 - 6. 70 - -
004 461 56 - 2.40 - -
008 1 A sl - 2. 10 - -
009 401 47 - 1. 44 - -
021 451 52 - 0. 30 - ~
034 61 811 0 - 0. 66 -~ -
044 46 1 57 - 051 - -
047 6] 57 - 0. 43 - -
062 181 %9 - (.38 - -
113 511 52 - 0.22 - -
Eastern Sub Total - 18. 32 - =
15 iT| 16 - 1.32 - -
018 P17 76 - 1.20 - -
015 - 171 18 - 0.33 - -
029 171 761 - 0.79 - -
086 17§ 16 - 0. 31 - - |
137 __ 10 68 - 0. 16 - T
Northwestern Sub Totlal - 4. 11 - -
030 11] 62 - 0.72 - -]
042 11| 62 - 0.52 - -
051 | 321 36 - 0. 4% - -
¥eslern Sub Total _ - 1,69 - I
Direet load Toial - 24.11 - e
Total = 235. 69 348.12 8. 664 12. 9%6




Table 5.2-1(7) External Load used for simulation in Case 3-4

RIVER INFLOW BYPASS4 IN 2010 CASE 3-4
Dischargs BOD PO4-P . 0P
HO - NAME 1 [ 7| (ms/s) (t/day} | (t/day) | (i/day) |
River load
1 | B.-CHARITAS: 46| 38| 0.12 0.08 f, 008 0,012
2 | CANAL CANTC DO RIO 431 39 0. 10 0. 06 0. 004 0. 006
3 | B.-CATEDRAR 01 43 .84 0.91 0.044 Q. 066
4 | B. -NORTE CENTRO 401 41 0.95 1. 06 0.052 0. 078
5} R10_BOMBA 45| 52 4. 54 6. 07 0.268 |  0.402
6 | RIO IMBOASSY 52 ] 63 4. 30 9.13 0,232 0. 348
Eastern Sub Total 10,85 17.31 0. 508 0.912
7 | B.~1TAOCA 521 10 1. 00 2. 14 . 056 0. 084
8 | R10 ALCANTARA 591 761~ 14.7% 28.99 0.704 | 1.056
9 | RIG CACEREBY 601 81 30. 8% 22.90 0. 500 0. 750
10 | RIG GUAPIMIRIN 591 81 33, 25 5.917 0. 132 0,198
11 | CANAL DE MAGE 571 388 0.73% 0.55. 0.012 0. 018
12 | RI0 RONCADOR 551 &% 3.94 2. 35 0. 052 0.078 |
13 | RI0 IRIRL 491 %0 1,05 0. 69 0.016 0.024
14 | RI10 SURU 441 81 2.21 0.88 | 0.020 0.030
Hortheastern Sub Total 87.82 64.47 1.492 2.238
15 | B. -MAUA 34| 84 1.03 0. 56 0.012 0.018
16 | RI0 ESTRELA 23| 80 i6.19 18. 47 0.420 0. 630
171 | R1¢ IGUACU 171 16 31. 93 45,29 1. 032 1. 548
172 ! RIO SARAPUI AR EIN] 24.63 48. 54 1. 356 2. 034
18 | B.-CABO PO BRITO iz 1 .73 6901 0,204  0.306
Northwestern Sub Total 71. 51 119. 81 3.024 4. 536
19 | RIO 3. 1. DE MERITI 9] 63 31.25 66, 65 1. 820 2. 730
20 | RIO IRAJA - - 11| 62 9. §7 16. 25 0. 608 0. 812
21 | CAVAL DO CUNHA 191 49 15.33 23.15 0. 958 1. 434
22 | B. -5, CRISTOVAD 231 45 1. 22 1. 17 0.072 0.108
23 | CANAL DO MANGUE 231 43 9.81 17. 45 0. 604 0, 906
24 | B. -BOTAFOGO 321 3 5. 91 13. 93 . 376 0. 564
Kestern Sub Total - 73.0¢ 139. 80 4. 436 6. 654
25 § 1. DO GAVANADOR 231 66 3.1 5. 10 0. 176 . 264
26 | L. DD FURDAG 13 62 0. 2% 0.21 0. 008 0. 012
271 1. DE PAQUETA 431 12 0. 11 0.16 0.004 0. 006
28 | 1.DO ENGENHO 431 56 0,29 0. 56 0.016 . 024
29 | 1.DE S. CRUZ 415 81 0.14 0.24 0.0084 0.012
Islands Sub Tolal 4.46 6. 87 0.212 0.318
River load Total 253.73 348, 26 9.1772 14. 558
Direct Load
0017 ) 431 36 - 2.13 - -
001 46 | 55 - 6. 70 - -
ooedy ) 46 56 - 240 - -
008- 44 sl - 2.10 - -
008§ 0| 47 - 1. 94 - -
021 45 52 - 0. 80 - -
034 46 | 517 - 0. 68 - -
044 46| 811 - 0.51 - -
047 461 87 -~ 0. 48 = -
062 481 891 - 0. 38 - o
113 al| 62 - 0,22 - =
Eastern Sub Total - 18. 32 ~ -
015 17] 76 - 1.32 - -
018 171 16 - 1.20 - -
215 i 174 16 - 0.33 - -
029 171 76 - 0.79 - -
086 1711 16 - 0. 31 - -
187 101 68 - 0.16 - -
Horthwestern Sub Total ﬁ - 411 - -
030 11| 62 - 0.172 - -
042 11| 62 - 0. 52 - -
051 1321 36 - 0.45 - -
¥estern Sub Total . = 1. 6% - -
Direct Load Total N - 24.11 - -
Total 253.13 372. 37 9,712 14, 658




Table 5.2-2 External Load from Sub-Basin Groups

Case Sub Basin | Discharge ~ BOD Po4-P 0-p
Group m3/s) . | (t/day) (t/day) | {(t/day)
East 12. 41 35,57 0. 65 0. 98
Northeast 84.23 | . 55.58 .28 192
CASE1-1 Northwest 71.63 ] . 107.01 2. 60 391
Hest 14.38 135,78 4.38 | 6.57
Istands 4,51, 6. 56 0. 20 0.31
Total - 247.16 340. 49 9.12 13. 68
EBast 13.55 31.87 0.1 1.07
_ | Northeast 87.82 64. 47 1. 48 2.24
CASEL-2 Northwest | 76.30°]  118.52 3.03 " 4,54
West 1. 92 117. 35 4.54 " 6. 82
[slands . 4.65 5.76 022 032
Total 262. 24 337. 96 9. 99 14. 99
Rast 13.56 | - 29.27 0.71 1.06
Noriheast 87. 82 56.03 1. 47 2.20
CASEZ Northwest 78. 30 101. 01 2.99 4.48
Fest 71,92 92.91 4.48 6. 73
Islands . 65 RN 0.21 - 0.82
Total 262. 24 284, 25 9. 86 14,79
East 9. 48 33.76 0.53 0. 80
- Northeast 81. 82 64. 39 1.49 2.24
CASE3-1 Northwest 77. 90 123.92 3.04 4.57
West 46.10 104. 72 2. 71 4.16
Islands 446 6. 82 0. 22 0.32
Total 225. 76 333. 60 8.06 12.08
Bast 9.48 33. 77 0.53 0.80
Northeast 87. 82 64. 47 1. 49 2.24
CASE3-2 Northwest 77. 90 123.92 3.04 | 4,57
West 51,50 111. 4¢ 3.091 4.6%
fslands 4. 46 6.82 0.22 0. 32
Total 231. 16 340. 46 8. 37 12. 56
Bast 9, 25 33. 77 0.52 0.78
Northoast 87.82 64. 47 1. 49 2.24
CASES-3 Northwest 771, 51 123.92 3.02 4.54
West 56, 74 119.15 3.42 5.13
Islands 4. 37 6. 82 8.21 0. 31
Total 235. 69 348,12 8. 66 13.00
Rast 10. 85 35. 63 0.51 0. 91
Northcast | - 87,82 64. 47 1.49 | 2.24
CASE3-4 Northwest 17. 51 123. 92 3.02 4.54
West 73.09 141. 48 4. 44 6. 65
Islands 4. 16 6.87 0.21 0.32
Total 253.13 372. 37 9. 77 14. 66




5.3 Results of Calculation

The results of the numerical simulation are shown in figures as

concentration distributions. The contents of figures are as
follows;
Fig,5.3—1 ¢ BOD, T-F, DO, PO,-P and O0-P distribution for Case 1-1.
Fig.5.3-2 : BOD, T-P, DO, PO,~P and O~P distribution for Case 1-2.
Fig.5.3-3 : BOD, T-P, DO, PO,~P and O-P distribution for Case 2.
Fig.5.3;4 : BOD, T-P, DO, PO,-P and O-P distribution for Case 3-1.
Fig.5.3-5 : BOD, T-P, DO, PO,-P and 0-P distribution for Case 3-2.
Fig.5.3-6 : BOD, T-P, DO, PO,-P and O-P distribution for Case 3-3.

Fig.5.3-7 : BOD, T-P, DO, PO,-P and O-P distribution for Case 3-4.
Fig.5.3-8 : -BOD, T-P and DO distribution for Case 4-1.
Fig.5.3-9 : BOD, T-P and DO distribution for Case 4-2.
Fig.5.3-10: BOD, T-P and DO distribution for Case 4-3.
Fig.5.3~11: BOD, T-P and DO distribution for Case 5-1.
Fig.5}3~12: BOD, T-P and DO distribution for Case 5-2.
Fig.5.3~13: BOD, T-P and DO distribution for Case 5-3.
Fig.5.3-14: BOD, T-P and DO distribution for Case 5-4.
Fig.5.3-15: BOD, T-PFP and DO distribution for Case 6-1.
Fig.5.3-16: BOD, T-P and DO distribution for Case 6-2.
Fig.5.3-17: BOD, T-P and DO distribution for Case 6-3.
Fig.5.3-18: BOD, T-F and DO distribution for Case 6-4.
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