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Appendix-1 OD Table of Network Traffic Assignment

(1) Nacalain 2017 / OD Table of Network Traffic Assignment
(2) Nacala in 2025/ OD Table of Network Traffic Assignment
(3) Nacala in 2035/ OD Table of Network Traffic Assignment
(4) Nampula in 2017 / OD Table of Network Traffic Assignment
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(1) Nacalain 2017 / OD Table of Network Traffic Assignment
Nacala
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O i oo v Nl SOOI v SO OO
—

ARl REe)) o~ N N \O SOV [ag} [=h Rek Jel Nl

<t i — (9] [

Ot 0O} 0 eni <t — i Sioiq: 0 (=} SOOI O

OO — W\ wvi— 0~ — <tion —

—F =i —

tTfnini A (=N N (=R Nnit i AN o N oO i — | N
NIt i

NEoot Ot N (=R N (=R N ] Sit it~ (gl Nini— i

— b e — S RN REcoRNg\|
— — —

NIo— O [N N (=R N —i\0 {00 N Ot i— O

—_RQl=i= —ie R E=RE= N K]
— —

S <tioo; >~ [N N [N N ] 00— O~ — winistiwuv

— — (OIS = o)

—

v vy [ B\ enien AUl I A wn) RIS

NieniTiwn <t iwn <t iwn Nienitiwn wn NN iNeen

Ot i< o i SiIiCIQOID %) (=R Rk Kl N

i | on — <t i — =~ | —

[SaB Rl X QR o~ = Sioinio [Sg) SOOI O

<P i~ — N o

Ne H-J NN N-o) i< — i\ Sioiqi® (=] SIoioio

OiSi—in i~ o~ = i —

— =i N —

<ttunioni A (=R e (=l Nnit i AN (=} AN — i
it iANion

eNEoo: OO SO (=] SiT i~ N ANini —iN

—F = —_ - [ BR- R E-R R\
— — —

nNiIo— O (=N ] (=R e —i1\0 {00 [\l 6M16

2Iiici= g Bt A N R
— N —

St o0 > SO (=] 0 — O > — 53@5

—f— — AN @)

—
Nifeni W < :wn < :iwn aNien i<W wn NN en
vy | [ B\ enien A I AR wn RN R

=Passenger Car, 3=Pickup, 4=Minibus

Vehicle Type: 2

5+Axle Truck

=2 Axle Truck, 7=30r4 Axle Truck, 8§

Bus, 6

5=
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(2) Nacalain 2025/ OD Table of Network Traffic Assignment
Nacala

2025 OD (vehicle/day)
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=Passenger Car, 3=Pickup, 4=Minibus

Vehicle Type: 2

5+Axle Truck

=2 Axle Truck, 7=30r4 Axle Truck, 8§

Bus, 6

5=
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(3) Nacalain 2035/ OD Table of Network Traffic Assignment
Nacala

2035 OD (vehicle/day)
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=Passenger Car, 3=Pickup, 4=Minibus

Vehicle Type: 2

5+Axle Truck

Bus, 6=2 Axle Truck, 7=30r4 Axle Truck, 8=

5=
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(4) Nampula in 2017 / OD Table of Network Traffic Assignment

Nambula
2017 OD (vehicle/day)
o|lp|2]3[4]s5]e6] 7] 8 o|p|2]3[4]s5]e6] 7] 8
1 i 3 | 1200 56/ 720 24i 38) 19] 21 5 11 230 11} 11f 190 8 1i 0
1 | 4 170 8 11 1 8 1i 0 5 | 2 199 9 8 210 0 0i 0
15 210 100 100 18 7. 1. 0 5 1 3 310 14 117 33 0. 0 0
16 27, 131 211 30 25 5 17 5 1 4 5. 20 20 3 0 0 0
1 {7 280 137 22¢ 30 59 12| 39 51 6 9 4, 20 13 & 1. 0
1 | 8 54: 250 42 7¢ 15 30 10 5 17 100 4 20 14 199 21 0
109 69: 32 531 8 88 18] 59 5 | 8 18 8 4 26 5 T
1 {10 | 134 62 1050 17, 0 0 0 519 230 117 5F 330 280 3 1
1 11 17 8 14 20 15 31 10 5 110 450 217 100 65, 0. 0i 0
2 1 95! 44 51: 16 31, 9] 47 5 |11 6, 3 i 9 5 1. 0
2 3 80 37, 45 270 0l 0O 0 4 | 4 00 0 0 0 0 0 0
2 4 16 7. 8 1 0 0 0 6 | 4 9 4 4 0 8 1. 0
2 5 18 8 8 200 0 0 0 7 | 4 90 4 4 0 18 21 1
2 6 18 8 120 6. 15 8 11 8 | 4 18 8 & 0 5 1i 0
2 7 199 9 130 6. 34 19, 26 9 | 4 230 100 100 0 27, 4 2
2 8 350 16] 251 120 91 51 7 10 4 440 200 199 1. 0 0i 0
2 9 45i 211 320 15, 517 29 39 11 4 6 3 20 0 5 1. 0
2 10 88: 417 621 29 0 0 0 515 00 0 0 0 0 0 0
2 11 11, 5 8 4. 9 5 7 6 | 5 8 4. 20 128 7 1 0
301 99! 46 65 24. 28 51 36 715 8 4. 20 137 160 21 1
3 02 88: 41 461 28; 41 13} 64 8 | 5 16, 7/ 3 24 4 0i 0
3 0 4 247 117 100 20 0 0 0 9 | 5 200 91 4 310 240 3 1
3 5 290 137 100 32, 0 0 0 10 5 40, 18 8 61: 0 0i 0
306 34: 16] 141 11; 270 10 4 11 5 5. 20 1. 8 4 0. 0
307 350 167 151 120 62f 241 8 6 | 1 27, 13] 21F 3. 250 51 17
3 8 67: 31, 29i 23i 16| 6| 2 7 11 280 137 220 3i 59 12 39
3.9 86: 40 37¢ 29i 93| 36/ 12 8 | 1 54i 25, 42 70 150 31 10
3 010 1677 78 720 570 0 0 0 9 | 1 69 32 53i 8 88 18 59
3 011 20 100 9 7. 160 6 2 10 . 1 | 134 620 1050 17 0i 0 0
1 i 2 820 38 531 14i 25/ 211 28 11 1 170 8 14, 20 15 3 10
4 1 170 8 100 1, 8 1 0 6 | 2 18 8 120 6. 15 8 11
4 | 2 15 70 70 1, 0 0 0 7 12 199 9 13, 6, 34 19i 26
4 | 3 230 11 9 20 0 0 0 8 | 2 350 16] 25i 120 9 50 7
4 | 5 56 20 28 21 00 0 0 9 | 2 450 217 320 150 517 29 39
4 | 6 9 4, 3 0 8 1. 0 10 | 2 88! 41, 621 29¢ 0. 0 0
4 i 7 9 4 4 0i 18 2f 1 11 | 2 11 50 8 4 9 5 7
4 | 8 17, 8 70 0. 5 1 0 6 | 3 340 16] 14i 11i 27, 10 4
4 i 9 20 100 8 0 270 3 2 7 13 350 16 151 12i 621 24) 8
4 (10 | 43 20 177 0i 0 0 0O 8 | 3 670 31, 29i 23i 16 6, 2
4 11 6, 3, 20 0i 5 1. 0 9 | 3 86! 40 37: 29i 93i 36, 12
10 0 3 | 1677 780 720 577 0 0 0
11 | 3 20 100 9 70 160 6 2

Vehicle Type: 2=Passenger Car, 3=Pickup, 4=Minibus
5=Bus, 6=2 Axle Truck, 7=30r4 Axle Truck, 8=5+Axle Truck
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(5) Nampula in 2025 / OD Table of Network Traffic Assignment

Nambula
2025 OD (vehicle/day)
o|lp|2]3[4]s5]e6] 7] 8 o|p|2]3[4]s5]e6] 7] 8
1 i 3 | 199 850 118 391 99| 48] 42 5 11 370 16] 18/ 31. 24 3 1
1 | 4 280 121 18 1. 30, 5 6 5 | 2 310 13 14 34 0 0 0
15 350 150 178 29¢ 21 3 1 5 1 3 500 220 170 55, 0. 0 0
16 15 6/ 110 20 4 1} 3 5 1 4 9 4 3 4 20 0 0
1 {7 710 317 56i 91 12| 2f 8 51 6 55 20 1 70 10 0 0
1 | 8 | 1488 64 116 18 180, 38 126 5 17 24, 100 50 35 3 0 0
1 i 9 | 111; 48 8 14i 797 17, 56 5 | 8 51 220 11i 730 520 6. 1
1 {10 | 145 630 113: 18 49 11} 35 519 38, 16] 8 540 230 3 1
1 {11 | 1520 66, 1190 197 20 4 14 5 110 500 21, 117 71; 140 20 0
2 1 | 1610 69 8 27 721 270 100 5 |11 520 220 11, 750 6. 1. 0
2 03 | 1290 55 728 43 0 0 0 4 | 4 00 0 0 0 0 0 0
2 4 250 117 128 20 3 2 3 6 | 4 5. 20 2 0 1. 0 0
2 5 200 127 13i 320 0, 0 0 7 | 4 247 100 100 0 3 0i 0
2 6 100 4 70 31 20 1, 2 8 | 4 49 21 21 1P 52 7. 3
2 7 470 200 33 15, 6 4 5 9 | 4 370 160 16; 1. 230 3 1
2 8 97, 421 68i 320 95 56/ 76 10 4 481 21 21 1 14 20 1
2 9 730 317 511 241 420 250 34 11 4 510 220 228 1. 6. 1. 0
2 10 95{ 41; 67: 31 26/ 16/ 21 515 00 0 0 0 0 0 0
2 11 | 1000 437 70i 33; 11} 6f 9 6 | 5 4 21 1, 70 1. 0, 0
3 01 | 1599 68 106: 39 & 106/ 70 715 210 91 4 33 3 0i 0
300 2 | 1437 621 75¢ 450 61 24, 117 8 | 5 447 19 8 68 45 5 2
3 0 4 390 177 178 4 6] 21 1 9 | 5 330 14, 6 51i 200 20 1
3 5 4 200 16; 52, 0 0f 0 10 5 437 197 8 67. 13 1P 0
306 18 8 & 6. 4 1 0 11 5 458 200 9. 70 5 1P 0
307 88! 38 38 30i 11} 51 2 6 | 1 15 6/ 11} 20 4 1i 3
3 0 8 | 184 799 790 620 174, 70, 24 7 11 710 31, 56; 9 120 20 8
3 09 | 138 599 59 470 76, 31, 11 8 | 1 | 148 64] 116/ 18 180 38 126
3 010 | 1817 78] 770 61 48 19] 7 9 | 1 | 111 48 8 14 79 17 56
3 i 11 | 189 81 81i 64, 200 8 3 10 . 1 | 145/ 63] 113} 18 49; 11i 35
1 i 2 | 138 59 88 22i 62f 49| 67 11 | 1 | 1520 66/ 119 19i 20i 4 14
4 1 280 120 170 1. 30, 4 6 6 | 2 100 4 70 3 20 1§ 2
4 | 2 250 117 11i  2; 3 2 3 7 12 47, 20f 33i 150 6 4 5
4 | 3 380 167 150 4 6] 21 1 8 | 2 97, 42, 68 32i 95 56/ 76
4 | 5 8 3 3 4 1 0 0 9 | 2 730 31, 51i 24i 420 250 34
4 | 6 5. 2f 28 0 1 0 0 10 | 2 95{ 41, 67; 31i 26; 16/ 21
4 i 7 230 100 9 0. 3 0 0 11 . 2 | 1000 43] 70 33 11i 6 9
4 | 8 481 217 18 0 50 6 3 6 | 3 18 8 8 6, 4 1i 0
4 i 9 36 157 141 0 220 3 1 7 13 88! 38/ 38 30i 11i 5 2
4 (10 | 470 20{ 18 0i 14} 2f 1 8 | 3 | 1841 797 797 620 174 70] 24
4 11 499 217 190 0, 6 1i 0 9 | 3 | 138 59 59i 47: 76; 31, 11
10 0 3 | 1817 78/ 77 61 48 19i 7
11 | 3 | 189 81| 81 64i 200 8 3

Vehicle Type: 2=Passenger Car, 3=Pickup, 4=Minibus
5=Bus, 6=2 Axle Truck, 7=30r4 Axle Truck, 8=5+Axle Truck
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(6) Nampula in 2035/ OD Table of Network Traffic Assignment

Nambula
2035 OD (vehicle/day)
o[p[2]3]a4]s5]e6e] 7] 8 o[p[2]3]4]s5]e6e] 7] 8
1 | 3 | 299 1697 1770 58] 1991 112] 99 5 11 56/ 320 261 470 49 71 1
1 | 4 0 24 270 21 61 11, 13 51 2 470 26/ 21; 50i 0. 0. 0
1 |5 520 297 25 44] 430 6 2 51 3 750 4] 26 8i 0. 0. 0
16 20 130 177 3 7. 21 6 5 1 4 3 70 5 6 3 0 0
1 | 7 | 1090 62 8 137 230 6 19 516 8 4] 20 11: 21 0i 0
1 | 8 | 2271 128] 177 28 360{ 89| 295 517 370 210 8 54 70 1. 0
1 9 | 1700 96 1320 21; 158 39 130 5 8 780 44] 17 1120 104 15 3
1 |10 | 2231 126] 1730 270 997 25 81 5109 581 330 120 83 460 6 1
1§ 11 | 233 1320 1820 29i 41 10, 34 5 110 76/ 431 16 109 29i 4 |
2 01 | 2430 137] 1241 41) 144, 62] 235 5 111 80i 45, 17 114 120 2 0
2 i 3 | 1930 109) 1088 64 0 0 0 4 | 4 o0 0 0 0 0 0 0
2 4 380 217 198 31 6/ 4 6 6 | 4 704 3 0 20 0 0
2 5 437 247 190 48 0f 1} 2 7 1 4 36 2 6 1. 70 1. 0
216 15 8 100 5 4 3 4 8 | 4 750 430 337 1. 104, 16] 7
2 7 710 40 508 23i 12| 9 12 9 | 4 56/ 320 241 1. 46, 7. 3
2 0 8 | 1490 84] 1051 49 190] 132 178 10 4 740 420 327 1. 290 5 2
2 0 9 | 111: 637 78 36/ 83 58 78 11 | 4 770 447 340 10 120 21 1
2 110 | 146 821 103i 48 520 36, 49 515 00 0 0 0 0 0 0
2 11 | 1530 86/ 1070 50{ 220 15/ 20 6 | 5 70 4 1, 100 2. 0 0
3 001 | 238 134) 1590 59i 164] 248 164 715 330 18] 6 500 6. 1. 0
30 2 | 215 1221 1120 68) 13 57 274 8 | 5 681 38/ 13 104, 91, 12! 4
3 4 58 33 250 6, 11, 5 2 9 | 5 511 29/ 10, 78 400 5 2
3.5 700 399 241 799 0. 0 0 10 | 5 66! 38/ 131 102 25, 31 1
306 280 16 128 91 7. 31 1 11 | 5 700 390 13 1070 100 1. 0
3 07 | 1350 760 58 46i 237 11 4 6 | 1 20 130 170 3 7. 21 6
3 0 8 | 2820 159 121: 95 348 165/ 57 7 1 | 1090 62| 8 137 230 6. 19
3 0 9 | 211 1197 90: 71: 153 720 25 8 | 1 | 2270 128/ 177, 28 360 89 295
3 010 | 276 156] 1181 93i 96, 45 16 9 | 1 | 170 96/ 1327 21 158, 39 130
3 011 | 2897 163] 1241 98 40{ 19, 6 10 | 1 | 2231 126/ 173 27 99 25 81
1§ 2 | 208 1170 1320 331 124 114 156 11 . 1 | 2330 132) 1820 29 41 10. 34
4 1 41i 237 25i 27 59 10f 13 6 | 2 15 8 100 5 4 3 4
4 |2 370 210 178 37 6. 4 6 712 710 400 500 237 120 91 12
4 i 3 570 320 23i 6 117 5 2 8 | 2 | 1490 84| 105/ 49 190 132 178
4 | 5 2 70 4 6. 3 0 0 9 |\ 2 | 111} 63] 78 36/ 8 58 78
4 16 784 30, 20 0 0 10 | 2 | 146] 82 103] 48] 52 36 49
4 i 7 35i 200 148 0; 7. 1 0 11 | 2 | 153) 86 107 50i 22 15 20
4 | 8 730 417 280 1, 101] 14] 7 6 | 3 280 16/ 120 9 7. 31 1
4 9 55 317 21 1. 44 6 3 7 1 3 | 1350 76| 58 461 23 11. 4
4 10 | 720 41 288 1i 28] 41 2 8 | 3 | 2820 159 121 95 348 165! 57
4 11 750 420 2090 17 117 2] 1 9 | 3 | 2110 119 90; 71i 153 720 25
10 | 3 | 2760 156/ 118) 93i 96; 45 16
11 | 3 | 289 163] 124 98 40i 191 6

Vehicle Type: 2=Passenger Car, 3=Pickup, 4=Minibus
5=Bus, 6=2 Axle Truck, 7=30r4 Axle Truck, 8=5+Axle Truck
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(7) Cuamba in 2017 / OD Table of Network Traffic Assignment

2017 OD (vehicle/day)

Cuamba
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Passenger Car, 3=Pickup, 4=Minibus
2 Axle Truck, 7

Vehicle Type: 2

5

5+Axle Truck

3or4d Axle Truck, 8

=Bus, 6
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(8) Cuamba in 2025/ OD Table of Network Traffic Assignment

2025 OD (vehicle/day)

Cuamba
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Passenger Car, 3=Pickup, 4=Minibus
2 Axle Truck, 7

Vehicle Type: 2

5

5+Axle Truck

3ord Axle Truck, 8

=Bus, 6
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(9) Cuamba in 2035/ OD Table of Network Traffic Assignment

Cuamba
2035 OD (vehicle/day)
o[Dp| 23456778 o[ D[ 23456778
1 2 00 0 0 0 0 0 0 5 11 o0 o 0 0 0 0 0
13 00 0 o0 0 0 0 0 5 12 o0 o 2 0 0 0 0
1 4 590 52 1. 0 0 0o 0 513 00 0o 0 0 0 0 0
15 00 0 0 0 0 0 0 5 1 4 2 28 39 1. 0. 0. 0
1 6 140 137 10, 0. 41, 27, 30 576 18 161 2. 0 761 7 4
17 230200 16. 0 18, 12| 13 517 280 251 4 0f 34 3 2
178 170 15. 12, 0. 0/ 0 0 518 210 191 730 o 0000
179 110100 8 0. 86 356 63 519 14120 20 0 159 150 9
1 10 | 220 190 15 0 27 17 20 5 010 | 270 24 4 0. 49 5. 3
111 6 5. 4 0 68 44 50 5 111 706 1. 0 1250 120 7
1 12| 34 300 24 0 27 17 20 5 12| 42 37 6 0 49 5 3
2 1 00 0 ©0 0 0 0 0 6 | 1 14 13 100 0 41, 27 30
2 3 00 0 ©0 0 0 0 0 6 | 2 16/ 14 4 2 38 10 16
2 4 0 0 11. 2 191] 124] 121 6 3 1, 9 3 0 7 13 8
2 s 00 0 o0 1. 0 12 0 6 | 4 20190 50 0 64 25 12
2 6 16, 14 5. 2. 45 11, 9 6 | 5 210 190 4 0 700 0 4
2 7 25i 220 9 31 20 5 4 7 11 230 200 16, 0 18 12! 13
2 8 190 17 7. 2. 0 0 0 7 12 260 23] 6 3 17, 4 7
2 9 130 11. 4, 1. 94 231 20 7 13 17 15 5. 0 3 6 4
2 10 | 24 210 8 3 29 7 6 7 1 4 340 300 7. 0 28 11. 6
2 11 6/ 5. 2 1. 74 18] 16 7 1 5 340 300 7. 0 31, 0 2
2 12| 38 33 13 4 290 7. 6 8 | 1 17 15, 122 0. 0 0 0
301 0 0 O0 0 0 0 0 8 | 2 200 17] 5. 20 0 0 0
302 00 0 O0 0 0 0 0 8 | 3 13 11, 4 0 0 0 0
30 4 00 0 O0 0 0 0 0 8 | 4 26 23] 5. 0 0 0 0
305 0 0 O0 0 0 0 0 8 | 5 26 23] 5. 0 0 0 0
30 6 1. 9 3 0 7 13 8 9 | 1 11] 100 8 0 86 56 63
307 177 15 5. 0 3 6 4 9 | 2 B3] 120 3 1. 79 200 33
30 8 130 11, 4 0 0 0 0 9 | 3 8 71 31 0 14 26 17
3.9 8 7. 3 0 14 26/ 17 9 | 4 170 15, 4 0 134 52 26
3 10| 16 14 5 0 4 8 5 9 | 5 170 15, 3. 0 146, -1. 9
3 011 4 4 1, o0 11, 21 13 10 1 20 190 15, 0 27 17, 20
3 :12 | 250 220 8 o0 4 8 5 10 | 2 250 21 6 3 25 6 10
4 1 590 520 1. 0 0 0 0 10 | 3 6, 14 5 0 4 8 5
4 | 2 00 0 17, 6 304 89 161 10 | 4 330 290 7. 0 41 16/ 8
4 @ 3 0 0 O0 0 0 0 0 10 5 20 290 6 0 45 0 3
4 5 00 0 26 21 40, 36/ 0 11 1 6/ S5 4 0 68 44 50
4 6 200 188 5. 0 50 200 0 11 | 2 6 6/ 20 1 62 16 26
4 7 20 28 8 0 20 9 0 11 | 3 4 4 1. 0 11. 21 13
4 @ 8 240 211 7. 0 0 0 0 11 | 4 8 70 20 0 105 41: 20
4 9 16/ 14 4, 0 104 41, 0 11 | 5 8 70 20 o0 115 0 7
4 10 | 300 270 8 0 32/ 13 0 12 1 341 300 240 0 27, 170 20
4 11 8 7. 20 0 8 320 0 12 | 2 38 34 9 4 25 6. 10
4 12| 47 41 137 0 32/ 13 0 12 | 3 250 2/ 8 0 4 8 5
12 | 4 s1i 45, 11, 0 41 16 8
12 5 50, 44/ 100 0 45 0 3

Vehicle Type: 2=Passenger Car, 3=Pickup, 4=Minibus
5=Bus, 6=2 Axle Truck, 7=3or4 Axle Truck, 8=5+Axle Truck
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APPENDIX-2 Evaluation Result of Alternative Routes/Alignments

@
)
(&)
O]
(©))
()

Nacala Port Access Road - Section 1- Detailed evaluation
Nacala Port Access Road - Section 2— Detailed evaluation
Nampula Southern Bypass Road - Section 1— Detailed evaluation
Nampula Southern Bypass Road - Section 2- Detailed evaluation
Nampula Southern Bypass Road - Section 3- Detailed evaluation

Cuamba Bypass Road
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(1) Nacala Port Access Road - Section 1- Detailed evaluation

Evaluation Item

Evaluation Criteria

Alternatives

Alt-1 (Yellow)

Alt-2 (Red)

Alt-3 (Blue)

Alt-4 (Green)

1) Consistency Objective: To function as an integrated infrastructure development |* Satisfactory connection between the bypass ¢ Satisfactory connection between the bypass |* Excellent connection between the bypass |* No connection to the industrial area
with plan to realise the strategy for the Nacala Corridor regional and the industrial area planned by and the industrial area planned by and the industrial area planned by planned by PEDEC-Nacala
integrated development PEDEC-Nacala PEDEC-Nacala PEDEC-Nacala * Route runs close to the high voltage
development v Consistency with PEDEC-Nacala * Since the route crosses industrial plant transmission line.
plan (e.g. v Consistency with Land Use Plans (PEU) areas, there are several obstructions.

S\l? algllg, PEU) v ansistency with ot.her .Infrastructure Developrpent P!ans (e.g.
High voltage Electric Line Plan, Plans by municipalities, etc.)

2) Benefit to Project Objective: To alleviate current and future traffic congestion: |* Major part of the traffic related to the port ¢ Same as Alt-1 * Road length is approx. 500 m longer than | Steep horizontal curve is located at
Traffic v" Reduction of transport cost will use this alternative (higher travelling Alt-1 the railway crossing.

Congestion v Reduction of travel time speed ensures a lower transportation cost) * There are some curve sections, but more  |* Since gradient of existing ground is
Relief moderate slopes than Alt-1 steep, the vertical gradient also is
steep.

3) Benefits to Objective: To promote well-organised urban developments along |* Houses and facilities are not relocated, only ¢ Same as Alt-1 ¢ Same as Alt-1 * It would not function as a bypass
Urban the road and to act as an urban road for residents of the limited to planned industrial area because the because the road runs through the
Development municipality’s daily use: road runs through the erosion control zone. zone for developing residential
and Residents v’ Possibility of urban development along the road and function areas.

of generated traffic demand
v" Function for residents in the municipality as an urban road
4) Road Safety Objective: To Promote/Ensure a safe road: * Horizontal alignment is almost straight. ¢ Crossing structures should be considered in |* Crossing structures should be considered |* Crossing structures should be
v Safety for drivers * Crossing structures should be considered in village areas. in village areas. considered because many residents
v’ Safety for residents village areas. will cross the road.
* There are some steep vertical
gradient sections.
5) Affordability Objective: To be an affordable project and have sustainable | Road length: 8,200 m Road length: 8,360 m Road length: 8,810 m Road length: 8,815 m
maintenance costs: (Bridge length 800 m) (Bridge length 1,490 m) (Bridge length 760 m) (Bridge Length 1,450 m)
v" Construction cost Construction cost: 1.00 Construction Cost: 1.45 Construction cost: 1.07 Construction Cost: 1.33
v' Compensation costs such as houses, land and facilities Buildings affected: ~ 7 units Buildings affected: ~ 7 units Buildings affected: ~ 6 units Buildings affected: ~ 11 units
v' Other compensation such as removal of utility lines, etc. Compensation facilities: None Compensation facilities: Pipeline Compensation facilities: None Compensation facilities: Pipeline
v' Road maintenance cost Embankment volume: 1.32 Million m? Embankment volume: 1.69 Million m? Embankment volume: 1.57 Million m? Embankment volume: 1.42 Million m?
Maintenance cost: 1.13 Maintenance cost: 1.05 Maintenance cost: 1.23 Maintenance cost: 1.00
Number of railway crossings: 0 Number of railway crossings: 1 Number of railway crossings: 0 Number of railway crossings: 1
6) Environmental | Objective: To minimise the adverse impacts on the natural |* Road protection needs to be considered due ¢ Countermeasures for soil erosion should be |[* Road protection needs to be considered e Same as Alt-2.
Impacts environment: the proximity of the sea shore. considered (e.g. improvement of river due the proximity of the sea shore.
v" Number of trees cut (soil water retention property, control soil |* Larger embankment volume requires larger embankment, construction of drainages, e Larger embankment volume requires
erosion against rainfall, etc.) borrow pit and longer construction period. landslide disaster management plan, etc.) larger borrow pit and longer construction
v Reduce the volume of soil borrowed from Borrow pits and period.
crushed stone used in the construction
v' Impacts on the coastal environment (Nacala)
v' Other environmental impacts (Threatened species, etc.)

7) Property Objective: To minimise removal of houses and land acquisition: Buildings affected: ~ 7 units Buildings affected: ~ 7 units Buildings affected: ~ 6 units Buildings affected: ~ 11 units

Acquisitions v Number of houses and facilities affected by the road project Land expropriation area: ~ 891,700 m? Land expropriation area: ~ 827,835 m? Land expropriation area: ~ 970,025 m? Land expropriation area: ~ 791,083 m?
v’ Area of required land acquisition Not accommodated with factories’ lands

8) Community Objective: To minimise the adverse social impacts in the long term, |* Crossing structures (such as under pass etc.) * Crossing structures (such as under pass etc.) |* Crossing structures (such as under pass * The road runs through a developed
including such as impact on the communities along the road: should be considered for local villagers’ should be considered for factory staff and etc.) should be considered for local residential area, it’s expected that
property v Creating/ensuring access to community facilities such as usage. residents usage. villagers’ usage. many residents will use the road.
access

schools, hospitals and cemeteries (no adverse impact such as
interrupt/disconnect with existing foot paths)

v' Impact for Amenities, Noise, Accessibility to roads, Passing
vehicles, etc.)
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(2) Nacala Port Access Road - Section 2— Detailed evaluation

Evaluation Item

Evaluation Criteria

Alignment Alternatives

Alt-1 (Yellow)

Alt-2 (Red)

Alt-3 (Blue)

Alt-4 (Green)

1) Consistency with | Objective: To function as an integrated infrastructure |* It cannot connect with the Multi-modal terminal * [t can connect with the Multi-modal * [t can connect with the Multi-modal * [t cannot connect with the
integrated development plan to realise the strategy for the Nacala Corridor (Railway cargo & Truck). Terminal (Railway cargo & Truck). Terminal (Railway cargo & Truck). Multi-modal Terminal (Railway
development regional development * It cannot serve the industrial area along « It also can serve the industrial area cargo & Truck).
plan (e.g. v Consistency with PEDEC-Nacala the road. along the road.

PEDEC -Nacala, | ¥, Consistency with Land Use Plans (PEU)
PEU) v’ Consistency With pther Infrastructure Deyqloppl.ent Plans (e.g. High
voltage Electric Line Plan, Plans by municipalities, etc.)

2) Benefit to Project Objective: To alleviate current and future traffic | Traffic related to Nacala Port will use this road. * This road is a large detour route. * Distance is slightly longer than Alt-1. * This road is parallel to the existing
Traffic congestion: * Traffic from Nampula to Nacala-a-Velha will use A better access from Nampula to road (N12).

Congestion v Reduction of transport cost this road. Nacala-a-Velha. * There is almost no difference in

Relief v Reduction of travel time distance for the traffic coming
from Nampula and going to
Nacala-a-Velha.

3) Benefits to Objective: To promote well-organised urban developments along |* Development is not expect along the road, because |* Houses already have been built in the * It’s possible to serve the industrial area |* Road runs in a developed
Urban the road and to form an urban road for residents of the | the road runs between the villages and the erosion connection area with N12, so significant including installation of the service residential area providing service
Development municipality’s daily use: control zone, development is not expected in the area. road. for the residents. However, there
and Residents V' Possibility of urban development along the road and function of is a reasonable risk of losing the

generating traffic demand bypass functionality.
v/ Function for residents in the municipality as an urban road
4) Road Safety Objective: To promote/Ensure a safe road: * Horizontal alignment is predominantly straight. * Since houses already have been located in |* Horizontal alignment is predominantly |* Since there are many communities
v Safety for drivers * Pedestrian crossing structures need to be considered the connection area with N12, pedestrian straight. and villages, pedestrian safety
v’ Safety for residents in the villages. safety needs to be carefully considered. * Since a development zone is planned needs to be carefully considered.
along the road, road safety needs to be
considered carefully, including the
service road.
5) Affordability Objective: To be an affordable project and have sustainable | Road length: 5,742 m Road length: 5,386 m Road length: 6,008 m Road length: 4,730 m
maintenance costs: (Bridge length 40 m) (Bridge length 80 m) (Bridge length 40 m) (Bridge length 40 m)
v Construction cost Construction cost: 1.33 Construction cost: 2.36 Construction cost: 2.29 Construction cost: 1.00
v' Compensation costs such as houses, land and facilities Buildings affected: ~ 0 units Buildings affected: ~ 49 units Buildings affected: ~ 0 units Buildings affected: ~ 180 units
v' Other compensation such as removal of utility lines, etc. Compensation facilities: None Compensation facilities: None Compensation facilities: None Compensation facilities: None
v Road maintenance cost Embankment volume: 0.67 Million m? Embankment volume: 1.65 Million m? Embankment volume: 1.60 Million m? Embankment volume: 0.52 Million
Maintenance cost: 1.22 Maintenance cost: 1.13 Maintenance cost: 1.27 m’
Number of railway crossings: 0 Number of railway crossings: 1 Number of railway crossings: 0 Maintenance cost: 1.00
Number of railway crossings: 0
6) Environmental Objective: To minimise the adverse impacts on the natural | Railway embankment partially collapsed due to soil |* Same as Alt-1. e Same as Alt-1. * Runs through a more stable soil
Impacts environment: flow during heavy rain season. Since the road is * Furthermore, embankment volume is area than the other alternatives.
v" Number of trees cut (soil water retention property, control soil located in a lower area than the railway, larger than other alternatives. * Drainage system from N12 needs
 crosion against rainfall, etc.) _ countermeasures for soil erosion should be to be considered.
Reduce the volume of soil borrowed from Borrow pits and crushed considered.
stone used in the construction

v Impacts on the coastal environment (Nacala)

v/ Other environmental impacts (Threatened species, etc.)

7) Property Objective: To minimise removal of houses and land acquisition: Buildings affected: ~ 0 units Buildings affected: ~ 49 units Buildings affected: ~ 0 units Buildings affected: ~ 180 units
Acquisitions v" Number of houses and facilities affected by the road project | Land expropriation: ~ 687,091 m? Land expropriation: ~ 637,204 m? Land expropriation: ~ 719,144 n? Land expropriation: ~ 565,145 m?

v’ Area of required land acquisition

8) Community Objective: To minimise the adverse social impacts in the long | Since the road runs through communities and * Since houses already have been built in * Social issues are not expected because * Same as Alt-2.

including term, such as impact to communities along the road: villages, pedestrian crossing structures need to be the connection area with N12, pedestrian the road runs through non-inhabited

property access

v Creating/ensuring access to community facilities such as schools,
hospitals and cemeteries (no adverse impact such as
interrupt/disconnect of existing foot paths)

v' Impact for Amenities, Noise, Accessibility to roads, Passing
vehicles, etc.)

considered.

* Large size vehicles may produce noise and also
represent a potential risk for local citizens.

crossings need to be considered.

* Large size vehicles may produce noise
and also represent a potential risk for local
citizens.

areas.

Appendix 2-3




Preparatory Survey for Nacala Corridor Road Network Upgrading Project

Final Report

©))

Nampula Southern Bypass Road - Section 1- Detailed evaluation

Evaluation Item

Evaluation Criteria

Alignment Alternatives

Alt-1 (Yellow)

Alt-2 (Red)

Alt-3 (Blue)

1) Consistency with Objective: To function as an integrated infrastructure development plan to realise the |* Consistency with circular road and bypass Same as Alt-1. * This route is based on the circular road in the
integrated strategy for the Nacala Corridor regional development proposed by PEDEC-Nacala. Also, consistency initial PEU proposed by UN-Habitat.
development plan v Consistency with PEDEC-Nacala with PEU.

Sl::gﬁ)l)ED EC-Nacala, v Consistency with Land Use Plans (PEU)
v Consistency with other Infrastructure Development Plans (e.g. High voltage
Electric Line Plan, Plans by municipal, etc.)

2) Benefit to Traffic Project Objective: To alleviate current and future traffic congestion: ¢ Bypass functionality can be guaranteed since ¢ Bypass functionality can be guaranteed since |* Connection point is near the urbanised area

Congestion Relief v Reduction of transport cost the connection point is outside of the urbanised the connection point is outside of the (approximately 3.5 km closer to the urbanised
v Reduction of travel time area. urbanised area (approximately 1 km closer to area than Alt-1), due the proximity, reasonable
the urbanised area than Alt-1). travel speed cannot be guaranteed.

3) Benefits to Urban Objective: To promote well-organised urban developments along the road and to form |* The area along the road is not used and is * The area along the road is not used and is * Houses already have been built in this area,
Development and an urban road for residents of the municipality’s daily use: expected to develop. expected to develop. significant additional residential development is
Residence v" Possibility of urban development along the road and function of generated traffic not expected.

demand
v Function for residents in the municipality as an urban road
4) Road Safety Objective: To Promote/Ensure a safe road: * Horizontal alignment is predominantly straight. |* Same as Alt-1. * This alternative runs through developed
v’ Safety for drivers * Traffic safety is ensured along the main road residential areas. It will be necessary to
v’ Safety for residents due the construction of a service road for provide many pedestrian crossing structures to
residential people to use. guarantee safety for all users.

5) Affordability Objective: To be an affordable project and have sustainable maintenance costs: Road length: 14,440 m Road length: 14,160 m Road length: 12,360 m

v' Construction cost (Bridge length 640 m) (Bridge length 640 m) (Bridge length 640 m)

v’ Compensation costs such as houses, land and facilities Construction cost: 1.48 Construction cost: 1.06 Construction cost: 1.00

v Other compensation such as removal of utility lines, etc. Buildings a_ffected.: .~.56 units Buildings affected_: _~-21 units Buildings a.ffected.: .~.42 units

v Road maintenance cost Compensation facilities: None Compensation facilities: None Compensation facilities: None
Embankment volume: 0.73 Million m* Embankment volume: 0.79 Million m* Embankment volume: 0.83 Million m*
Maintenance cost: 1.12 Maintenance cost: 1.14 Maintenance cost: 1.00
Number of railway crossings: 1 Number of railway crossings: 1 Number of railway crossings: 1

6) Environmental Objective: To minimise the adverse impacts on the natural environment: * Road level should be considered to avoid ¢ Same as Alt-1. * Same as Alt-1.

Impacts v Number of trees cut (soil water retention property, control soil erosion against overtopping during flooding events. * Also, high embankments or cuts should be
rainfall, etc.) * No environmental issues. avoided in the residential area.
v Reduce the volume of soil borrowed from Borrow pits and crushed stone used in
the construction
v Impacts on the coastal environment (Nacala)
v Other environmental impacts (Threatened species, etc.)
7) Property Acquisitions | Objective: To minimise removal of houses and land acquisition: Buildings affected: ~ 56 units Buildings affected: ~ 21 units Buildings affected: ~ 42 units
v" Number of houses and facilities affected by the road project Land expropriation: ~ 1,662,900 m? Land expropriation: ~ 1,694,230 m? Land expropriation: ~ 1,484,560 m?
v’ Area of required land acquisition
8) Community including | Objective: To minimise the adverse social impacts in the long term, such as impacts on |* Few residents affected. No municipal ¢ Same as Alt-1. * This alternative runs through residential areas,

property access

the community along the road:

v' Creating/ensuring access to community facilities such as schools, hospitals and
cemeteries (no adverse impact such as interrupt/disconnect with existing foot
paths)

v Impacts on Amenities, Noise, Accessibility to roads, Passing vehicles, etc.)

facilities located in the area.

dividing the local community.

Considerable number of pedestrians crossing
the road.

Large size vehicles may produce noise and also
represent a potential risk for local citizens.
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(4) Nampula Southern Bypass Road - Section 2- Detailed evaluation

Evaluation Item

Evaluation Criteria

Alignment Alternatives

Alt-1 (Yellow)

Alt-2 (Red)

Alt-3 (Blue)

Alt-Branch (Green)

1) Consistency Objective: To function as an integrated infrastructure |* Consistency with circular road and bypass | ¢ Consistency with circular road and bypass |* This route is based on the circular road in the |* This route was proposed by Nampula
with development plan to realise the strategy for the Nacala proposed by PEDEC-Nacala. However, proposed by PEDEC-Nacala. Also, this initial PEU proposed by UN-Habitat. district.
development Corridor regional development this route runs on the north side of the river. route is included in PEU. * The effect of this road is only a
plan (e.g. v" Consistency with PEDEC-Nacala bypass between N1 and N1.
PEDEC-Nacala, | v Consistency with Land Use Plans (PEU)

PEU) v’ Consistency with other Infrastructure Development Plans
(e.g. High voltage Electric Line Plans, Plans by
municipalities, etc.)

2) Benefit to Project Objective: To alleviate current and future traffic |* The main OD are N1 to N1, N1to N13 and | Same as Alt-1. ¢ Same as Alt-1. ¢ The traffic volume is supposed to be
Traffic congestion: the city area to N1/N13/Rapale. smaller than the other alternatives
Congestion v Reduction of transport cost * Traffic congestion will be reduced in the because the main OD is only N1 to
Relief v Reduction of travel time city area. NI

3) Benefits to Objective: To promote well-organised urban developments |* The area along the road is not used and is ¢ The area along the road is not used and is |* Urban development along the road cannot be |* The area along the road is not used
Urban along the road and to form an urban daily life of city expected to develop. expected to develop. expected due to its proximity with the river. and is expected to develop.
Development residents: * However, considering that the area is
and Residents v' Possibility of urban development along the road and function too far from the city, the potential for

of generated traffic demand residential development is imitated.
v' Function for residents in the city as an urban road
4) Road Safety Objective: To Promote/Ensure a safe road: * Horizontal alignment is predominantly e Same as Alt-1. e Same as Alt-1. ¢ The number of pedestrians crossing
v’ Safety for drivers straight.  However service road is limited by the the road is expected to be very low,
v Safety for residents * Traffic safety is ensured along the main proximity of the river. because this alternative is located far
road due to the construction of a service from urban areas.
road for residential people to use.
5) Affordability Objective: To be an affordable project and have sustainable Road length: 11,460 m Road length: 13,820 m Road length: 13,040 m Road length: 7,804 m
maintenance costs: (Bridge length 120 m) (Bridge length 40 m) (Bridge length 40 m) Buildings affected: ~ 197* units
v Construction cost Copstmctlon cost: 1.07 . Copst}‘ucﬂon cost: 1.22 . Copstmct10n cost: 1.00 . *Total Seqtlon 2 .+‘S.ect10n 3
v Compensation costs such as houses, land and facilitics Buildings a_ffected_: ~ 19 units Buildings a_ffected.: .~.77 units Buildings affected_: _~_79 units Compensatlon facilities: None
¥ Other compensation such as remove,ll of utility lines Compensation facilities: Nong . Compensation facilities: Nong . Compensation facilities: None. _ Mamtenance_ cost: 2.05*?“
etc ’ Embankment volume: 0.76 Million m? Embankment volume: 0.98 Million m? Embankment volume: 0.69 Million m? **Total Secthn 2+ Sectl.on 3
v ’ . Maintenance cost: 1.00 Maintenance cost: 1.22 Maintenance cost: 1.15 Number of railway crossings: 0
Road maintenance cost Number of railway crossings: 0 Number of railway crossing are: 0 Number of railway crossings: 0

6) Environmental | Objective: To minimise the adverse impacts on the natural |* Located farther upstream than Alt-2~3, ¢ Impacts of embankments in flooding areas | Same as Alt-2. * No relevant environmental issues.
Impacts environment: therefore the river channel is expected to be during the rainy season.

v" Number of trees cut (soil water retention property, control more stable. * No relevant environmental issues.
soil erosion against rainfall, etc.) ¢ No relevant environmental issues.

v Reduce the volume of soil borrowed from Borrow pits and
crushed stone used in the construction

v Impacts on the coastal environment (Nacala)

v’ Other environmental impacts (Threatened species, etc.)

7) Property Objective: To minimise removal of houses and land | Buildings affected: ~ 19 units Buildings affected: ~ 77 units Buildings affected: ~ 79 units Buildings affected: ~ 197* units

Acquisitions acquisition: Land expropriation: ~ 1,366,470 m? Land expropriation: ~ 1,660,490 m? Land expropriation: ~ 1,566,500 m? *Total Section 2 + Section 3
v Number of houses and facilities affected by the road Land expropriation area: ~ 3,715,136**
project m?
v' Area of required land acquisition **Total Section 2 + Section 3

8) Community Objective: To minimise the adverse social impacts in the |* There are several access roads connected to |+ Same as Alt.1 * Same as Alt. 1. * This alternative is restricted only to

including long term, such as impacts to communities along the road: the project road from the city centre, in * However, it is difficult to connect existing only a bypass functionality.

property access

v Creating/ensuring access to community facilities such as
schools, hospitals and cemeteries (no adverse impact such as
interrupt/disconnect of existing foot paths)

v' Impact for Amenity, Noise, Accessibility for roads, Passing
vehicles, etc.)

addition, the areas along the project road
are expected to be developed for urban land
use including public facilities and
commercial properties.

In this regard the planned frontage roads
will play an essential role of providing the
mobility to access public facilities easily
for residents of Nampula city

Note that several pedestrian crossings shall
be installed with safety measures.

roads to this alternative due to the limitation
imposed by the rivers.

This alternative is restricted to only a bypass
functionality.

* No use for local people
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(5) Nampula Southern Bypass Road -

Section 3- Detailed evaluation

Evaluation Item

Evaluation Criteria

Alignment Alternatives

Alt-1 (Yellow)

Alt-2 (Red)

Alt-3 (Blue)

Alt-Branch (Green)

1) Consistency
with integrated
development
plan (e.g.
PEDEC-Nacala,
PEU)

Objective: To function as integrated infrastructure development plan
to realise the strategy for the Nacala Corridor regional development
v Consistency with PEDEC-Nacala
v Consistency with Land Use Plans (PEU)
v’ Consistency with other Infrastructure Development Plans (e.g. High
voltage Electric Line Plans, Plans by municipalities, etc.)

Consistency with circular road and bypass
proposed by PEDEC-Nacala. However, the
connecting point with N13 is located at a
more southern point (nearer the city) than
proposed in PEDEC-Nacala.

Consistency with circular road and bypass
proposed by PEDEC-Nacala. However, the
connecting point with N13 is located at a
more northern point (further from the city)
than proposed in PEDEC-Nacala.

Same as Alt-1

* This route was proposed by Nampula
district.

® This road is not included in PEU

2) Benefit to
Traffic
Congestion
Relief

Project Objective: To alleviate current and future traffic congestion:
v Reduction of transport cost
v" Reduction of travel time

* This road can be used to access road from
Rapale to N1 (Direction toward Nacala and
southern area) and to southern area in
Nampula.

¢ This road can be used as the access road
from Rapale to N1 (Direction toward
Nacala and southern area) and to southern
area in Nampula.

Same as Alt-1

e Traffic flow with OD at Rapale will not use
this alternative.

* Shortcut route between N13 and N1 only.

3) Benefits to
Urban
Development
and Residents

Objective: To promote well-organised urban developments along the
road and to form an urban road for daily life of city residents:
v’ Possibility of urban development along the road and function of
generated traffic demand
v' Function for residents in the city as an urban road

¢ The area along the road is currently not used
and is expected to develop.

e Same as Alt-1

Same as Alt-1

* The area along the road is currently not used
and is expected to develop.

* However, considering that the area is too far
from the city, the potential for residential
development is imitated.

4) Road Safety

Objective: To Promote/Ensure a safe road:
v’ Safety for drivers
v’ Safety for residents

* Gentle alignment can be used.

¢ The traffic safety can be ensured for
residential people by constructing a service
road along the road.

* Gentle alignment can be used.

¢ The traffic safety can be ensured for
residential people by constructing a service
road along the road.

Same as Alt-1

* The number of people crossing the road
cannot be estimated because the road is
located far from the city area.

5) Affordability

Objective: To be an affordable project and to have sustainable
maintenance costs:

v Construction cost

v" Compensation costs such as houses, land and facilities
v Other compensation such as removal of utility lines, etc.
v" Road maintenance cost

Road length: 3,945 m

(Bridge length 260 m)

Construction cost: 1.00

Buildings affected: ~ 33 units
Compensation facilities: None
Embankment volume: 0.15 Million m?
Maintenance cost: 1.00

Number of railway crossings: 1

Road length: 4,549 m

(Bridge length 500 m)

Construction cost: 1.22

Buildings affected: ~ 56 units
Compensation facilities: Pipeline
Embankment volume: 0.31 Million m?
Maintenance Cost: 1.10

Number of railway crossings: 1

Same as Alt-1

Road length: 23,027 m
Buildings affected: ~ 197* units
*Total Section 2 + Section 3

Compensation facilities: None
Maintenance cost: 2.05%*
**Total Section 2 + Section 3
Number of railway crossings: 0

6) Environmental
Impacts

Objective: To minimise the adverse impacts on the natural
environment:

v Number of trees cut (soil water retention property, control soil erosion
against rainfall, etc.)

v Reduce the volume of soil borrowed from Borrow pits and crushed stone
used in the construction

v' Tmpacts to the coastal environment (Nacala)

v’ Other environmental impacts (Threatened species, etc.)

¢ No relevant issues

¢ No relevant issues

e Same as Alt-1

* No relevant issues

7) Property
Acquisitions

Objective: To minimise removal of houses and land acquisition:
v" Number of houses and facilities affected by the road project
v’ Area of required land acquisition

Buildings affected: ~ 33 units
Land expropriation: ~ 444,043 m?

Buildings affected: ~ 56 units
Land expropriation: ~ 487,905 m?

e Same as Alt-1

Buildings affected: ~ 197* units

*Total Section 2 + Section 3
Land expropriation area: ~ 3,715,136** m?
**Total Section 2 + Section 3

8) Community
including
property access

Objective: To minimise the adverse social impacts in the long term,
such as impacts on the communities along the road:

v' Creating/ensuring access to community facilities such as schools,
hospitals and cemeteries (no adverse impacts such as
interrupt/disconnect of existing foot paths)

v Impacts on Amenities, Noise, Accessibility to roads, Passing vehicles,
etc.)

* The probability of dividing residential areas
is low due to the route not passing through
any large villages.

e Same as Alt-1

e Same as Alt-1

* Same as Alt-1
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(6) Cuamba Bypass Road

Evaluation Item

Evaluation Criteria

Alignment Alternatives (Section-1)

Alignment Alternatives (Section-2)

Alt-1 (Yellow)

Alt-2 (Red)

Alt-3 (Blue)

Alt-1 (Yellow) Alt-2 (Red)

1) Consistency | Objective: To function as an integrated infrastructure |* Consistency with bypass proposed |® Same as Alt-1 e Same as Alt-1 * Consistency with bypass * This road is not consistent with
with development plan to realise the strategy for the Nacala by PEDEC-Nacala. proposed by PEDEC-Nacala. PEDEC-Nacala.
integrated Corridor regional development * Consistency with municipal * However it connects growth poles
development | v Consistency with PEDEC-Nacala planned cargo terminal. planned in the PEU.
plan (e.g. v Consistency with Land Use Plans (PEU)

PEDEC- v" Consistency with other Infrastructure Development Plans
Nacala, (e.g.'H'igh'Voltage Electric Line Plans, Plans by the
PEU) municipality, etc.)

2) Benefit to Project Objective: To alleviate current and future traffic |* This road is a bypass for N13 that |* Same as Alt-1 e Same as Alt-1 * This road is a bypass for N13. * This road is a bypass for N13.
Traffic congestion: runs through Cuamba city area * Shortcut between N13 and * Shortcut between N13 and R360.
Congestion v Reduction of transport cost ¢ Shortcut between N13 and R360 R360. e Lower number of users than Alt-1.
Relief v Reduction of travel time * Users of R360 will also use this

alternative.

3) Benefits to Objective: To promote  well-organised urban |* The development along the road is |* The area along the road is not ¢ Same as Alt-2 * Improve existing R360. * The area along the road is not used
Urban developments along the road and to form an urban road limited by the flooding area. used and is expected to develop. e The industrial area can be and is expected to develop.
Development | for daily life of city residents: developed near the crossing * However, considering that the area
and v Possibility of urban development along the road point between the road and the is far from the city, the potential of
Residents and function of generated traffic demand railway to Lichinga. However, residential development is imitated.

v" Function for residents in the city as an urban road the available area is limited by
villages.
4) Road Safety | Objective: To Promote/Ensure a safe road: * The vertical alignment is designed |* Same as Alt-1 * Same as Alt-1 * Passing vehicles and general * Since there only a few small roads
v Safety for drivers with a gentle gradient. vehicles pass on the road crossing this road due to its distance
v Safety for residents * Crossings on the road for together due to using the from the city area, the crgssing
residential people should be existing road, structures required for this road
considered. would be very few.
5) Affordability | Objective: To be an affordable project and to have | Road length: 6,756 m Road length: 6,808 m Road length: 7,238 m Road length: 3,398 m Road length: 4,727 m
sustainable maintenance costs: (Bridge length: 400 m) (Bridge length: 340 m) (Bridge length: 340 m) Construction cost: 1.00 Construction cost: 2.03
v Construction cost Construction cost: 1.14 Construction cost: 1.01 Construction cost: 1.00 Buildings affected: ~ 90 units Buildings affected: ~ 0 units
v Compensation costs such as houses. land and Buildings affected: ~ 30 units Buildings affected: ~ 21 units Buildings affected: ~ 57 units Compensation facilities: None Compensation facilities: None
facilirt)ies ’ Compensation facilities: None Compensation facilities: None Compensation facilities: None Embankment  volume: 0.05 | Embankment volume: 0.17 Million m?
v Oth . h L of utility Ii Embankment volume: 0.37 Million | Embankment volume: 0.27 Million | Embankment volume: 0.27 Million | Million m* Maintenance cost: 1.39
tt er compensation such as removal of uttlity fine, | s m? m? Maintenance cost: 1.00 Number of railway crossings: 1
v cte. . Maintenance cost: Prop. to Length Maintenance cost: Prop. to Length Maintenance cost: Prop. to Length Number of railway crossings: 1
Road maintenance cost Number of railway crossings: 0 Number of railway crossings: 0 Number of railway crossings: 0

6) Environ- Objective: To minimise the adverse impacts on the |* No relevant issues * Need environmental impact study |® Same Alt-2 * No relevant issues * Part of this route passes on lower
mental natural environment: for rock excavation land areas.
Impacts v' Number of trees cut (soil water retention property, control

soil erosion against rainfall, etc.)

v Reduce the volume of soil borrowed from Borrow pits
and crushed stone used in the construction

v Impacts on the coastal environment (Nacala)

v’ Other environmental impacts (Threatened species, etc.)

7) Property Objective: To minimise removal of houses and land | Buildings affected: ~ 30 units Buildings affected: ~ 21 units Buildings affected: ~ 57 units Buildings affected: ~ 90 units Buildings affected: ~ 0 units

Acquisitions | acquisition: Land expropriation: ~ 476,298 m? Land expropriation: ~ 479,964 m? Land expropriation: ~ 486,309 m? Land expropriation: ~ 239,559 m* | Land expropriation: ~ 333,254 m?
v" Number of houses and facilities affected by the
road project
v’ Area of required land acquisition

8) Community | Objective: To minimise the adverse social impacts in |* Some residential people and e Same as Alt-1 ¢ Same as Alt-1 * The route passes through * The probability of dividing
including the long term, such as impacts to communities along the students near Cassiano Bridge » However, this alternative divides villages in some sections. residential areas is low due to there
property road: Cross th.is bypass be.cause they go in a small degree one residential being no large villages.
access v Creating/ensuring access to community facilities such as to the city area passing over the area.

schools, hospitals and cemeteries (no adverse impacts
such as interrupt/disconnect of existing foot paths)

v Impacts for Amenities, Noise, Accessibility to roads,
Passing vehicles, etc.)

access road.
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Consultation Meeting

The Consultation Meeting for the “Preparatory Survey for Nacala Corridor Road Network
Improvement Project” (hereinafter referred to as “Study”) regarding the ‘“Nacala Port
Access Road” (hereinafter referred to as “Access Road””) was held below:

(1) Date and Time: 24™ June 2015, 10:30am — 11:40am
(i1) Place: Conference Room of Nacala City Municipal Council (hereinafter referred to as
“CMC”)
(ii1) Participants: CMC,
National Road Administration (hereinafter referred to as “ANE”)
JICA Study Team
See attached Annex 1
(iv) Chairperson: Mr. Paulo BAUQUE, Project Coordinator of ANE

(1) Opening Speech
Mr. Toni H. CLOFE, Mayor’s Substitute, opened the meeting and welcomed the
Consultation Meeting members.

Mr. Paulo BAUQUE explained that the Access Road is one of the most important and
priority projects defined in the PEDEC-Nacala Plan for development of Nacala Corridor.
Also, he stated that the objective of this Consultation Meeting was to hear from the local
authority comments and suggestions to help of the Access Road alignment.

(2) Presentation

JICA Study Team presented the study contents, study background, study policy & strategy,
basic design criteria, evaluation criteria for route selection and the study schedule. The
presentation was used the slides as shown in Annex 2.

(3) Questions & Answers, Suggestions & Opinions session
After the presentation, Mr. Paulo BAUQUE opened the questions & answers, suggestions,
opinions etc. below:

(a) CMC commented that the Access Road have effective to reduce the traffic congestion in
the city. And CMC requested to indicate the Access Road alignment.

ANE answered that since the Access Road alignment study has not been completed to
study, ANE cannot indicate the final alignment today. After ANE will fix the road
alignment, ANE will inform CMC by official letter.

(b) CMC requested the road alignment to avoid public infrastructures such as schools,
hospitals, etc.
JICA Study Team answered that preserving existing public facilities are considered in
the road alignment definition process.

(c) CMC requested that Access Road should be connected to planned are for the
Multimodal Terminal (Railway Cargo & Truck).
JICA Study Team answered that JICA Study Team considered it in the Study.

Minutes of Meeting for EPCoNa-MeRR 1of10
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(d) CMC commented that usually the trucks need to wait a long-time to enter in Nacala Port.

So, CMC requested to plan the truck parking area/lots in the Access Road.

ANE answered that it is very difficult to include a Truck Parking Lot in the Access Road
project due limited budget. And ANE suggested that CMC should solve yourself.

(e) CMC commented that this project with the magnitude should be considered the social

®

responsibility. So, CMC requested ANE that it should be built the schools and/or
hospitals around the Access Road.

ANE answered that is not in the project scope. Also, ANE suggested that CMC should
secure this budget.

CMC understood that it is very difficult to include the construction of schools and
hospitals in this project.

CMC mentioned that Access Road will be concerned for the negative impacts.
Especially, it is concerned for the people affected (Resettlement) by the construction of
the Access Road.

ANE answered that ANE will consider this matter very carefully in the Resettlement
Action Plan (RAP) according to the guideline of Mozambique and JICA.

Closing Remarks

The members agreed that the suggestions and opinions by CMC shall be sent directly to
ANE General Direction by formal letter until July 03, 2015.

Control points shall be sent by kml file and suggestion & opinions shall be included reasons.
A letter will be sent by CMC.

The meeting was closed at 11:40.

Minutes of Meeting for EPCoNa-MeRR 2of 10

Appendix 3-4



ANNEX 1
List of Attendees

Minutes of Meeting for EPCoNa-MeRR 3of 10
Appendix 3-5



Minutes of Meeting for EPCoNa-MeRR 4of 10
Appendix 3-6



ANNEX 2
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Devido ao facto da vossa Proposta atravessar
uma Zona Concessionada assim como uma
zona de povoacao, achamos por bem fazer um
desvio e evitar possiveis conflitos de terra e
Custos de indemnizacoes.
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Consultation Meeting

The Consultation Meeting for the “Preparatory Survey for Nacala Corridor Road Network
Improvement Project” (hereinafter referred to as “the Study”) regarding the “Nampula
Southern Bypass Road” (hereinafter referred to as “the Bypass Road”) was held below:

(1) Date and Time: 23" June 2015, 10:30am — 12:00am
(i1) Place: Meeting Room of the Urban Planning Department of Nampula City Municipal
Council (hereinafter referred to as “CMC”).

(ii1) Participants: CMC
National Road Administration (hereinafter referred to as “ANE”)
JICA Study Team
See attached Annex 1

(iv) Chairperson: Mr. Paulo BAUQUE, Project Coordinator of ANE

(1) Opening Speech

Mr. Paulo BAUQUE opened the meeting and welcomed the Consultation Meeting
members. And he explained that the Bypass Road is one of the most important and priority
projects defined in the PEDEC-Nacala Plan for development of Nacala Corridor. Also, he
stated that the objective of this Consultation Meeting was to hear from the local authority
comments and suggestions to help selection of the Bypass Road alignment.

(2) Presentation

JICA Study Team presented the study contents, study background, study policy & strategy,
basic design criteria, evaluation criteria for route selection and the study schedule. The
presentation was used the slides as shown in Annex 2.

(3) Questions & Answers, Suggestions & Opinions session
After the presentation, Mr. Paulo BAUQUE opened the questions & answers, suggestions &
opinions etc. below:

(a) CMC mentioned that the Bypass Road have effective to reduce the traffic congestion in
the city. And CMC requested to indicate the alignment.

ANE answered that since the Bypass Road alignment study has not been completed, the
final alignment is not inform today. After ANE will fix the road alignment, ANE will
inform CMC by official letter.

CMC understood.
(b) CMC commented the residential area near the beer factory and CMC recommended that
the road alignment passes in the south side of the cemetery.

ANE answered that the opinion will be compared with the others alternatives, and ANE
will indicate the best alignment.

CMC understood.

(c) CMC commented that the bypass road passing thought Nampaco was planned in the old
Land Use Plan (PEU) of 1992, but this area was occupied and located the residential
area. The new proposed alignment (in the southern part of the city) seems the better
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alignment. So, CMC requested that ANE consider the urban development plan along
Bypass Road Area.

ANE answered that the opinion will be considered.

(d) CMC commented that since the Bypass Road will be passed at the main national roads

such as N1, the traffic congestion will be reduced in Nampula City.

(e) CMC requested that ANE should compensate for the resettlement houses etc. and also

®

ANE should consider to ensure the resettlement sites.

JICA Study Team answered that the Resettlement Action Plan (RAP) will be prepared
according to the Mozambique and JICA guidelines. And ANE consider this request in
the project.

CMC requested that ANE consider the protection method against illegal occupation
within the road reserved area.

ANE answered that ANE will consider this request in the project.

(g) JICA Study Team commented that JICA Study Team will consider the extended

alignment to N13 by Rapale District. However, JICA Study Team is estimating that this
alternative is very difficult due to high project cost and out of PEDEC-Nacala plan.

So, JICA Study Team suggested that the extended alignment until Rapale District
should be considered as a next stage project.

Closing Remarks

The members agreed that suggestions and opinions by CMC shall be sent directly to ANE
General Direction by formal letter until July 03, 2015.

Control points shall be sent by kml file and suggestion & opinions shall be included reasons.
Two letters will be sent: 1 letter from Nampula Municipal and 1 letter from Rapale District.

The meeting was closed at 12:00.
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From:

Sent:
To:
Cc:

Subject: ANEL VIARIO NA CIDADE DE NAMPULA - BYPASS

Boa Tarde!

No ambito do encontro tido no dia 23 de junho no Departamento de Urbanizagdo entre a equipe do
CMCN, ANE e a Consultora, a equipe do Conselho municipal pronuncia—se da seguinte maneira:

E de louvar pela contemplagao deste projecto a nossa Urbe e entendemos que o mesmo é parte
de solugdo de alguns problemas de mobilidade existentes e que surgiram com o tempo apés ¢
inicio da exploragac efetiva da ferrovia pela concessionaria;

A proposta colocada para o tragado ¢ estratégica ndo sé pelo comprimento da mesma, mas
também pelo facto de interceptar todas as redes vidrias nacionais que cruzam o municipio, e
afetam significativamente a todos os postos administrativos:

As politicas apresentadas vdo de acorde com aquelas que sdo empregues pela edilidade em casos
semelhantes e acreditamos que dard as mesmas respostas positivavas previstas.

Mas também, queremos subicidiar no que diz respeito a 2 aspectos momeadamente:

1.

Tragado da Via;

Entendemos que na definigdo do tragado da via, temos que ter em conta ndo sé a mobilidade, mas
também o travamento de assentamentos informais. Neste contexto sugerimos que este anel /
tragado, deve envolver todas as dreas planificadas / ordenadas e n3o planificadas/ com
assentamento desordenados; N3o passando entre dreas densamente habitadas de maneira
desordenadas ou dividindo as dreas planificadas.

Neste sentido possibilitara ndo 56 o travamento dos assentamentos informais, mas também
minimizara o numero de infraestruturas impactadas;

Planificag@o ao Longe da Via

Um dos principais atrativo para infragstruturacio é a existéncia de vias de acesso convencionais.
A medida em que a via for definida a procura de espagos a berma ou préximo a estrada sera
maior, ocasionando aquisi¢des e ocupacBes desordenadas ao longo deste magnifico projecto.
Motivos pefa qual sugerimos gue o nosso pensamento seja ndo sé a definicdo do tragado, mas
também a planificagdo de ocupagdes ao longo do tragado;
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Existem questdes que acreditamos que seram ultrapassadas nos passos subsequente, mas, gostariamos
de partilhar novamente com a vossa Excia.

Tendo o projecto duas faichas de rodagens, a primeira fase de execusac sera apenas uma,em
consideragdo as diversas situa¢Bes de invasdes que existem nessas faixas, ha que pensar no
tratamento das mesmas.

Sem mas no momento, enderecamos as nossas cordials saudacées.

P.Pamela
Dir. Urbanizacdo

Gonselho Municipal da Cidade de Nampula — Mogambigue
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Appendix-5 Results of Consultation with Local Administrative Governments

(Cuamba Bypass Road)

(1) Minutes of Meeting
(2) Participant List
(3) Letter from Cuamba Municipality to ANE

(4) Letter from ANE to Cuamba Municipality
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Minute
of
the Consultation Meeting
for
the Preparatory Survey
for
Nacala Corridor Road Network Improvement Project
in
the Republic of Mozambique
(EPCoNa-MeRR)

Cuamba Bypass Road

Cuamba, June 26™, 2015
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Consultation Meeting

The Consultation Meeting for the “Preparatory Survey for Nacala Corridor Road Network
Improvement Project” (hereinafter referred to as “Study”) regarding “Cuamba Bypass
Road” (hereinafter referred to as “Bypass Road’) was held below:

(1) Date and Time: 26" June 2015, 10:30am — 11:45am
(i1) Place: Conference room of Cuamba Municipal Council (hereinafter referred to as
“CMC”).

(ii1) Participants: CMC
National Road Administration (hereinafter referred to as “ANE”)
JICA Study Team
See attached Annex 1

(iv) Chairperson: Mr. Paulo BAUQUE, Project Coordinator of ANE

(1) Opening Speech
Mr. Zacarias FILIPE, Mayor of Cuamba, opened the meeting and welcomed the
Consultation Meeting members.

Mr. Paulo BAUQUE explained that the Bypass Road is one of the most important and
priority projects defined in the PEDEC-Nacala Plan for development of Nacala Corridor.
Also, he stated that the objective of this Consultation Meeting was to hear from the local
authority comments and suggestions to help of the Bypass Road alignment.

(2) Presentation

JICA Study Team presented the study contents, study background, study policy & strategy,
basic design criteria, evaluation criteria for route selection and study schedule. The
presentation was used the slides as shown in Annex 2.

(3) Questions & Answers, Suggestions & Opinions session
After the presentation, Mr. Paulo BAUQUE opened the questions & answers, suggestions &
opinions etc. below:

(a) CMC mentioned that he Bypass Road have effective to reduce the traffic congestion in
the city. And CMC requested that ANE indicate the alignment.

ANE answered that since the Bypass Road alignment study has not been completed,
ANE cannot indicate the final alignment today. After ANE will fix the road alignment,
ANE will inform CMC by official letter.

(b) CMC requested to avoid the cemeteries (near Muanda river area). Therefore, CMC
suggested the alternative alignment pass through in the north side of Cuamba.

ANE answered that cemeteries will be avoided and a north side route will be
considered.

JICA Study Team requested that CMC send the locations of cemeteries by kml file.

(c) CMC would like to explain the Bypass Road to Cuamba citizens.

ANE answered that the explanation will be done during the Resettlement Action Plan

Minutes of Meeting for EPCoNa-MeRR 1of10
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(RAP) Study.

(d) CMC requested that the Bypass Road alignment should be considered according to the
Land Use Plan (PEU).
ANE answered that the consistency of the PEU will be checked and feedback will be
done.

(e) CMC requested that resettlement shall be minimized.

ANE answered that project road shall be minimized the number of resettlement. And
ANE will consider during RAP study.

(e) CMC comment that Cassiano Bridge has been destroyed by the heavy rains in this
January and CMC requested the reconstruction of the bridge in this project.

ANE answered that the reconstruction of the bridge in this project is very difficult due to
the limited budget. And ANE suggested to seek other budget.

(f) CMC mentioned that CMC don’t have enough budgets to compensate the resettlement
houses etc.

ANE answered that the central government will be prepared the compensations budget.

Closing Remarks

CMC’s members agreed that suggestions and opinions shall be sent directly to ANE
General Direction by formal letter until July 06, 2015.

Control points shall be sent by kml file and suggestion & opinions shall be included reasons.
One letter will be sent by CMC.

The meeting was closed at 11:45.
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ANNEX 1
List of Attendees
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ANNEX 2

Presentation Slides
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Appendix-6 Maps of Alternatives and Selected Route/Alignment

(1) Nacala Port Access Road (Alternative Routes)

(2) Nacala Port Access Road (Selected Route)

(3) Nampula Southern Bypass Road (Alternative Routes)
(4) Nampula Southern Bypass Road (Selected Route)

(5) Cuamba Bypass Road (Alternative Routes)

(6) Cuamba Bypass Road (Selected Route)
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Appendix-7 Layout of Culverts (Drainage and Pedestrian Way)
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Appendix-8 Detailed Information for Flyover Bridge
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(1) Supporting Information (For reference of Nampula Southern Bypass Road)

The difference of design between “Basic Option” and “High-Specification Option” at initial stage
as well as completion stage for Nampula Southern Bypass Road at the crossing with N1 west

point is depicted in Table 1.

Note that since the surface level of N1 is higher than ground level,

flyover should be constructed on the N1 road side.

Table 1 Difference of Design Level for Initial Stage (Basic, High-Spec.) and Completion Stage

1-1. Basic Option (Initial Stage)

1-2. High-spec Option (Initial Stage)

£
=

- eed £
e

‘./
s
o

2. Completion Stage

S
A

Deference of design level

1. Initial Stage (Bypass road: 1 lane/direction)
1-1. Basic Option

- At-grade crossing with N1 road
1-2. High-spec. Option

- Flyover Bridge is constructed on the N1
road side.

- Connection with N1 road from/to the
bypass road is formed on the flyover
bridge.

- Bypass road provides the connecting
road to Flyover Bridge.

2. Completion Stage (Bypass road: 2 lanes/direction)
- Bypass road is upgraded for widening to
2 lanes for each direction within same
ROW.

Appendix 8-2




Preparatory Survey for Nacala Corridor Road Network Improvement Project
Final Report

The traffic lane configuration at completion stage is illustrated to the Figure 1.  Note it is
suggested that the traffic signal control should be installed to the flyover bridge to avoid traffic
accidents. In addition, pedestrian bridge should be installed on the West side of bypass road as
shown in the diagram.

Figure 1 Traffic Lane Configuration at the Flyover Bridge for connecting with N1 and Bypass Road
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)

Supporting Information (For reference of Nacala Port Access Road)

In the case of Nacala Port Access Road, the Project road crosses the R702. The difference of
design between “Basic Option” and “High-Specification Option” at initial stage as well as
completion stage is depicted in Table 2. Note that considering the ground level condition of
R702 and the Project road, installation of flyover bridge at R702 side is the economical solution.

Table 2 Difference of Design Level for Initial Stage (Basic, High-Spec.) and Completion Stage

1-1. Basic Option (Initial Stage)

1-2. High-spec Option (Initial Stage)

2. Completion Stage

Deference of design level

1. Initial Stage (Project road: 1 lane/direction)
1-1. Basic Option

- At-grade crossing with R702 road
1-2. High-spec. Option

- Flyover Bridge is constructed on the
R702 road side.

- Connection with R702 road from/to the
project road is formed on the flyover
bridge.

- Project road provides the connecting
road to Flyover Bridge.

2. Completion Stage (Project road: 2 lanes/direction)
- Project road is upgraded for widening
to 2 lanes for each direction within
same ROW.

Appendix 8-4




Preparatory Survey for Nacala Corridor Road Network Improvement Project
Final Report

The traffic lane configuration at completion stage is illustrated to the Figure 2. Note it is
suggested that the traffic signal control should be installed to the flyover bridge to avoid traffic
accidents. In addition, pedestrian bridge should be installed on the North side of bypass road as
shown in the diagram.

Figure 2 Traffic Lane Configuration at the Flyover Bridge for connecting with R702 and Project Road
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Appendix-9 Result of Weathering Exposure Test
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Weathering Steel Exposure Test Report of
Preparatory Survey for Nacala Corridor Road Network

Improvement Project

Apr. 2018
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Objectives

1)
2)
3)

Weathering steel is the steel for structural use containing a little amount of copper, chromium, and
nickel which are effective for improving weathering performance of steel itself.

Dense rust layer peculiar to weathering steel is produced on the surface of steel. This rust layer
protects the surface of steel and reduces the corrosion loss amount during the long term.

Normal steel

Weathering

steel
—_—

Corrosion loss
in thickness

Exposed period (year(s))
Figure 1 Schematic figure on weathering steel performance

Weathering steel could be used without painting under the proper condition. Moreover, due to the
high corrosion protection performance of steel itself, prolonged service life of the painting is also
expected by painted use of the weathering steel. Corrosion progress from the paint defect could be
saved because the anti-corrosion performance of weathering steel is higher than that of normal steel.

Thus, whether unpainted use or painted use, it could be expected that application of weathering steel
minimize the Life Cycle Cost (LCC) because maintenance activities such as re-painting work could be
reduced drastically.

However, weathering steel could not be applied in any place. Moderate wet and dry cycles are
required for producing the dense and protective rust layer. It is well known that abnormal rust which
does not protect the steel surface will be produced under the constant wet condition. Therefore,
considerations for local environmental condition and structural improvement avoiding constant wet

condition are required for applying weathering steel to bridge structure.
The major environmental aspects affecting weathering performance of weathering steel are as follows.

Air borne salt
Air pollutant (NOx, SOx)

Climate condition (Air temperature, Humidity, and Amount of rainfall, e.t.c.)

In Japan, cooperative research on the application of weathering steel for bridge structure including
nationwide (44 sites) 9-year exposure test by three organizations (Public Works Research Institute
under Ministry of Construction, Japan Association of Steel Bridge Construction, and Steel Club(Japan
Iron & Steel Federation) had been conducted.

According to these broad research results based on the 9-year exposure test, abnormal rust is not
produced and the corrosion loss after 50-year exposure is estimated less than 0.3mm (This is
equivalent to 0.5mm after 100-year exposure), if air borne salt amount is less than 0.05mdd
(mg/100cm?/day).
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Moreover, it made clear that air borne salt increase or decrease depending on the distance from the
coastline. If the distance from the coastline becomes large, amount of air borne salt is decreased. By
using this knowledge, applicability judgment method by the distance from the coastline is commonly
used in Japan. In this method, as shown in the below figure, Japanese coastal area is classified into
five areas and the applicable area judged by distance from the coastline in each area is specified. For
example, in the Pacific coast area, if the structure is located 2 km or more away from the coastline,
since air borne salt becomes less than 0.05mdd, so that application of weathering steel is enabled.

Regional partition Applicable region
I The area over 20km
Coastal area along the far from the coast line
sea of Japan I The area over Skm
far from the coast line Japan sea coast |
Coastal area along The area over 2km
the Pacific coast far from the coast line Japan sea coast |l

Coastal area along The area over 1km

the Seto inland sea coast far from the coast line Okinawa Pacific coast

Okinawa No applicable region Setoinlandsea coast

Figure 2 Guidance for applicable region of weathering steel to road bridges in Japan

In this manner, it is preferable to conduct the confirmation test for weathering performance under the
climate and weather of the bridge construction site in Mozambique. Since Japan is the land having
high temperature and humidity, it could be thought that Japan is the one of the most severe condition
land for steel corrosion in the world. Thus, it also could be thought that Japan’s experience on
weathering steel application is effective for that of other countries. However, Republic of
Mozambique, where application of weathering steel is planned this time, has different climate
(tropical) and weather from that of Japan. Thus, we have conducted to confirm the applicability of

weathering steel by exposure test in Mozambique.

2 Exposure Button Test Method

As confirm the applicability of weathering steel for bridge spanning project over Nacala Corridor

Road, we conduct the following research and test.

Button test specimen is 50mm square, 2mm thick steel sheet. For exposure test, this steel sheet is
attached to the existing structure. In this test, weight change of the specimen is accurately measured
for calculation because the corrosion loss of the specimen could be measured accurately by the weight
change. Due to this accurate measurement, one year exposure test give us the criterion of the
applicability judgment of the weathering steel. By using this test method, reliable data could be
obtained in the short term because this method could consider the effect of local condition in the actual
structure.

In this test, button shaped specimens shown below had been manufactured and the one side of the
specimen had been attached to the structure with both-side adhesive tape.
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Punch mark

Size:t2.0x50x50mm
Surface finishing

Button shape

; specimen
+ PUJE == 1C im0 {1 i, /
|E5777) | .
H N INAVAVS: T Ta St Both Sllde
P ) / adhesion tape
A X ; 12, 0X50X 50mm ~—

Bridge member

AN (WSS 7 — 7 B )

—> |-
2mm Wik AS 7 — 7" ; t1. 5X 52X 52mm

Figure 3 Button test specimen

3 Exposure Button Test Plan

Exposure Button test has been conducted widely in Japan nationwide. As the result of this test, it is
well known that the corrosion loss of weathering steel could be estimated less than 0.5mm after 100
year exposure, if the corrosion loss of the first 1 year becomes less than 0.03mm. The climate of
Mozambique is different from that of Japan, but it could be presumed that the anti-corrosion
performance of weathering steel based on the Japanese experience.

The result obtained from one year exposure is expected to evaluate the application. In addition,
confirming the reliability of corrosion rate data in the long term, three specimens per one steel grade
were exposed in common. Then, 1 and 2 years data have been collected to evaluate the corrosion
tendency.

3.1 Type of Exposure Test Specimen

Bare weathering steel (SMA-W / JIS G3114 : Japanese Industrial Standards : Japanese national

standard that industrial products must meet in order to be legal) has been exposed.

In addition, another two types of Nickel-added High-performance Weathering Steel (1%Ni NAW-TEN
V12 and 3%Ni NAW-TEN V15) have been also exposed for comparison, which are available to suit
out of the applicable region of weathering steel in Japan(fig.3). Because, this time, there were some

test sites where are close to the coast line.
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3.2 Type Exposure Test Site

Test site is shown at four locations as follow.

Figure 4 Four Locations of Test site
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4 Amount of Exposure Test Specimen

Amount of exposure test is shown in the below table.

Table 2 Amount of Exposure Test

. Collection Steel Number of
Location o . Photo
Timing Grade Specimens
SMA-W M2695
1 year later 1% Ni LNO034
Location-1 3% Ni N417
ANE
Nampula
Office SMA-W M2696
in
Nampula 2 years later 1% Ni LNO035
3% Ni N418
Total 6
SMA-W M2697
1 year later 1% Ni LNO036
Location-2 3% Ni N419
ANE
Guest SMA-W M2698
House
in Nacala | 2 years later 1% Ni LN037
3% Ni N420
Total 6
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Location Col.le(.:tlon Steel Number of Photo
Timing Grade Specimens
SMA-W M2693
1 year later 1% Ni LNO028
Location-3 3% Ni N415
Catembe
Bridge
- SMA-W M2694
project
Office
(CRBCO)
in Maputo | 2 years later 1% Ni LN029
3% Ni N416
Total 6
SMA-W M2691
1 year later 1% Ni LNO030
3% Ni N413
Location-4
ANE Head SMA-W M2692
Office
in Maputo
2 years later 1% Ni LNO031
3% Ni N414
Total 6
Grand Total 24
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S Schedule of Exposure Test

Schedule of exposure test is shown in the below table.

Table 3 Schedule of Exposure Test

Schedule Test
Test Jan 9-10,2016 : L-1 Nampula and L-2 Nacala Installation of test specimen at site
Start Jan 11, 2016 : L-3 and L-4 Maputo
. 1) 1% collection of test specimen
1st year ;ZE ig’%gi; : i:; Zﬁg Ej 2) Measurement of rust thickness
’ ) 3) Judgment on the applicability
2nd 1) 2" collection of test specimen
Feb 16,2018 : L-1, L-2, L-3, and L4 2) Measurement of rust thickness
years 3) Further judgment on the applicability

6 Evaluation Results

6.1 Summary of Evaluation Results

Summary of exposure test results is shown in Table 4.

Table 4 Summary of Evaluation Results

Test . . Rust Thickness Surface Salinity Iron Transfer Rust Abrasion
. Steel g Visual Inspection (nm) 2 Resistance (k) (mm)
Test Location No. H (mg/m’)
Type
(2year)
1 year 2 year 1 year 2 year 1 year 2 year 1 year 2 year 1 year 2 year
Location-1 3% Ni | N418 5 5 68 90 25 1 0.49 1.35 0.021 | 0.028
ANE Nampula .
1% Ni | LNO35 5 5 84 109 12 3 0.68 0.46 0.027 | 0.046
Office
in Nampula SMA-W | M2696 5 5 92 113 12 2 0.94 1.67 0.034 | 0.041
. 3% Ni | N420 5 5 34 47 20 1 0.03 0.05 0.007 | 0.010
Location-2
ANE Guest House | 1% Ni | LN037 5 5 41 45 17 2 0.04 0.06 0.008 | 0.012
in Nacala
SMA-W | M2698 5 5 44 69 18 1 0.04 0.12 0.008 | 0.012
Location-3 3%Ni | N416 | 5 5 16 27 14 0 005 | 040 | 0.004 | 0.005
Catembe Bridge
project Office 1% Ni | LN033 5 5 21 24 17 0 0.08 0.27 0.005 | 0.006
(CRBC)
. SMA-W | M2694 5 5 33 37 23 3 0.08 0.24 0.006 | 0.007
in Maputo
. 3% Ni | N414 5 5 87 96 9 0 0.36 1.02 0.021 | 0.022
Location-4
ANE Head Office | 1% Ni | LN031 5 5 126 124 9 0 0.40 0.67 0.027 | 0.029
in Maputo
SMA-W | M2692 5 5 131 126 12 12 0.53 0.96 0.029 | 0.033

6.2 Rating of Rust by Visual Inspection (Surface Appearance Photo)

Surface photo is shown in Table 5~Table 8.
Rating of Rust by Visual Inspection is scored “5” of all locations and each steel type due to the Rust
particle of fine state.

Rating of Rust by Visual Inspection is shown Table 4.
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Table 5 Surface Appearance Photo (Location-1)

Final Report

Location Term | Type ;r\?st Side IE#& 1% after exposure SUBRZES rust removed
=
2
&
3% Ni | N418
_~4
g
o
Location-1
=
ANE £
Nampula
Office
in |
Nampula |2 Ye2r 8ter| 100\ | 1 N035
x
g
=]
=
o
3=]
SMA-W M2696
3
<
=]
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Final Report

. Test — N 4
Location Term Type Neos Side, & 1% after exposure SUBRZEH rust removed
=
2
=]
3% Ni | N420
2
g
O
Location-2
=
ANE £
Guest
House

in

Nacala |2 year later

1% Ni | LN037

back

SMA-W| M2698

front

back
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Table 7 Surface Appearance Photo (Location-3)

Location | Term Type "IF\Ieost Side %1% after exposure SVBRZE rust removed
=
2
&
3% Ni | N416
v
g
e
Location-3
Catembe
Brisige 5
project £
Office
(CRBO)

in

Maputo |2 year later| 1% Ni | LN033

back

front

SMA-W| M2694

back
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Table 8 Surface Appearance Photo (Location-4)

. Test i N p
Location Term Type Neos Sidel %1% after exposure SVBRZE# rust removed
=
2
B=
3% Ni | N414
2
g
O
Location-4
=
ANE £
Head
Office

in

Maputo |2 year later| 1% Ni | LN031

back

front

SMA-W| M2692

back

Appendix 9-16 13



Preparatory Survey for Nacala Corridor Road Network Improvement Project
Final Report

6.3 Iron Transfer Resistance Method

Iron Transfer Resistance Method is shown in Table 4, and Relation between rust thickness and iron
transfer resistance is shown in Figure 5.

According to Figure 5, almost locations and steel types are located in the area of “I-5 Rust under
Forming” which will be good condition in the future.

100
MHE Steel Trpe
- N | I ND | SHAT
g [14] [1 =[O0 [0 [0©
u, T e | @ ® @
5 10 S =R =R =
-— ccation—a
2 zear | M [ | [ |
& I B Locatiop s |tear O < &
L I-1 I 2vear | @ & Y
% .. Location—4 Lrear ‘& & &
= 1 —r?‘ ) i Zrear A F F Y
= [-2
2 .--% [j GooD | 14- Rust with the Ability
= P s ] for Protection
= [-3 5 - Rustunder Forming
) O
oo
A ;‘i
=
- .
O
15 BAD | 1: Coarse Rust
" | (No ability for protection)
0.01
0 200 400 BO0 ann 1,000

ZUFE Rust Thickness (um)
Figure 5 Relation between Rust Thickness and Iron Transfer Resistance

6.4 Rust Abrasion

The results of Rust Abrasion are shown in Table 4 and Figure 6.

According to the Figure 6, Location-2 and Location-3 are shown an ideal value. On the other hand,
Location-1 and Location-4 are shown a slightly higher value due to the test specimens placed
horizontally.
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Figure 6 Rust Abrasion

6.5 Estimated Rust Abrasion after 100 years

Estimated Rust Abrasion after 50 years and 100 years are shown Table 9, and Estimated Rust
Abrasion after 100 years are Figure 7~Figure 11. Rust Abrasion are predicted to be nearly less than
0.5mm/100years on all locations and steel types

Table 9 Estimated Rust Abrasion after 50 years and 100 years

| Rust Abrasion Estimated Rust Abrasion
Test Location Stee (mm) (mm)
Type
1 year 2 years after 50 years |after 100 years
Location-1 3% Ni 0.021 0.028 0.170 0.245
ANE Nampula Office 1% Ni 0.027 0.046 0.346 0.529
in Nampula SMA-W|  0.034 0.041 0.367 0.561
Location-2 3% Ni 0.007 0.010 0.080 0.120
ANE Guest House 1% Ni 0.008 0.012 0.124 0.198
in Nacala SMA-W|  0.008 0.012 0.188 0.323
Location-3 3% Ni 0.004 0.005 0.059 0.097
Catembe Bridge
) 1% Ni ) . ) .
project Office (CRBC) % Ni 0.005 0.006 0.097 0.166
in Maputo SMA-W 0.006 0.007 0.156 0.282
Location-4 3% Ni 0.021 0.022 0.143 0.205
ANE Head Office 1% Ni 0.027 0.029 0.229 0.340
in Maputo SMA-W|  0.029 0.033 0.296 0.450
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Rust Abrasion (mm)

Rust Abrasion (mm)
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Figure 7 Estimated Rust Abrasion after 100 years
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Figure 8 Estimated Rust Abrasion after 100 years (Location-1)
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Rust Abrasion {(mm)
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Figure 9 Estimated Rust Abrasion after 100 years (Location-2)
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Figure 10 Estimated Rust Abrasion after 100 years (Location-3)
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Rust Abrasion (mm)
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Figure 11 Estimated Rust Abrasion after 100 years (Location-4)
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