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186  STRUCTURE DESIGN

18.6.1 General

Box typed culvert was selected in former Clause 18.2. Master Plan Route and Plan 4 Route
needs to install the each location. There are three and two box culverts on Master Plan Route
and Plan 4 route. These box culverts are possible to apply the Japanese Standard Design.
Therefore the size of each box culvert should be considered and determined the overburden in
this Clause.

18.6.2 Master Plan Route

1) Existing Condition

A box typed culvert isinstalled at Roundabout A on Av. Paara o Palmer(1426). The inner size
of existing box culvert is 1.0 m width and 1.0 m height. The Boring No.2 was carried out just
near the box culvert. The characteristics of ground are composed of sand and sandstone. The
thickness of sand layer is approximately fourteen meters. The sand is classified into two layers,
which are the fine to medium grained sand and the medium to coarse grained sand as show in
Appendix 15.2.

At entrance of golf course, there is a box typed culvert on Rua 3867. The inner size of existing
box culvert is 2.0 m width and 1.0 m height. The ground condition is dmost same as Boring
No.2.

2) Discharge Volume

The discharge volume of each box culvert is presented in Clause 18.7. Each volumeis as
below.

Capacity (n/sec.) Discharge VVolume (n/sec.)
- Ravinel 71 68
- Roundabout A 18 17
- Junction B 42 36

3) Size of Box Culvert

The dze of each box culvert is shown in Table 18.6.1.
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Table 18.6.1 Box Culvert Size
L ocation Inner Section | Overburden Topdab Floor slab Side wall Haunch size
W(m)x H(m) (m) (mm) (mm) (mm) (mm)
Ravine 1 5.0x 5.0 0.5 400 500 500 200x 200
Roundabout A 3.0x 3.0 0.5 400 400 400 200x 200
Junction B 3.5x 20 0.5 400 400 400 200x 200

18.6.3 Plan 4 Route

1) Existing Condition

Theimproved gabion typed drainage has been installed in Ravine 3 and Ravine 4. The length of
gabion drainage is approximately 600 m in Ravine 4. And in Ravine 3, the length of gabion
drainage is approximately 100 m. However in order to drain smoothly from Rua 3523, the pipe
typed three culverts have been installed toward the existing Av. J. Nyerere. In Ravine 2, thereis
no culvert cross the existing road.

The Boring No.1 was carried out at Ravine 3. The characteristics of ground are composed of
sand, clayey sand and sandstone. The thickress of sand layer is approximately eighteen meters.
The sand is classified into three layers, which are the fine to medium grained silty sand and
clayey sand and the coarse grained sand as shown in Appendix 15.2.

2) Discharge Volume

The discharge volume of each box culvert is presented in Clause 18.7. Each volumeisas

bdow.

Ravine 4
- Ravine3
- Ravine2
- Ravine 1l

18
36
18
71

Capacity (mr/sec.)

Discharge Volume (n/sec.)

17
32
17
68
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3) Size of Box Culvert
The sze of each box culvert is shown in Table 18.6.2.
Table 18.6.2 Box Culvert Size
L ocation Inner Section | Overburden Topdab Floor dab Side wall Haunch size
W(m)x H(m) (m) (mm) (mm) (mm) (mm)
Ravine 4 3.5x 35 0.5 400 400 400 200x 200
Ravine 3 4.0x 4.0 0.5 400 400 400 200x 200
Ravine 2 25%x 25 05 400 400 400 200x 200
Ravine 1 50x 5.0 05 400 500 500 200x 200
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18.7 DRINAGE DESIGN

18.7.1 Background

Present condition of the drainage system in Maputo has been described in Chapter 4.4.

Existing plan of the drainage and storm water in Maputo has been established in study of the
Maputo Drainage Master Plan conducted by a Dutch consultants of DHV in 1980- 1981.

18.7.2 Present Drainage System of Maputo City

The existing drainage system in Maputo is shown in Figure 18.7.1 that storm water is collected
by drainage tertiary lines (open ditch or pipes), and then led to outlet through secondary and

primary lines.

Figure 18.7.1 Present Drainage System
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Maputo City has two type of drainage system. In the urban area, most of streets were already
installed pipe drain system located under sidewalk or carriageway. Inthe semi urban area, the
open drainage system has been constructed consisting with concrete- lined drainage and earth
drainage led to the outlet.
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Figure 18.7.2 Present Drainage System
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18.7.3 Problemof Existing Drainage System

(1) Urban area

A flood in 2000 heavy rain suffered some street of Maputo city. Inaccording to rainfall record in
January 28,2000,the maximum 1-h rainfall was 70mm,corresponding to return period of less
than 10 years. Volume of discharges was more than the capacity of existing drainage system In
addition, most of drainagesystems seemed not to functions d ue to poor maintenance. Therefore
damage became more serious.

In urban area, most of drainage catchpit are blocked by soil/garbage due to lack of cleaning and
flushing so that the drainage capacity are reduced. It can be also considered that a location of
catchpit without consdering gradient of land is the other reason of aflood.

Solutions of the problem are follows:

e Cleaning and flushing to drainage structure.( Strengthening to maintenance)
e Protection for soil and garbage

e |mprovement of location of catchpit

e Strengthening the drainage capacity of outlets leading to the port

(2) Semi urban area

In most of semi urban area, thereis no proper drainage system. I n those areas, there are many
sguatters who have been occupied within the right of way; therefore, width of road has been
reduced, so that there has not been enough space to construct proper drainage sysem. .

Other area where has the drainage system are also blocked by soil/garbage same as the urban
area

Solutions of the problems are follows:

e Condruction of new drainage systems

e Cleaning and flushing to drainage structure.( Strengthening of maintenance)
e Activity of enlightenment of resident not to put garbage into open ditch.

e Remova of squatters
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18.7.4 Proposed Drainage Networ k

Proposed drainage network for the study area has been determined based on the concept and
catchments basins mentioned in the Maputo Drainage Master Plan and a Preliminary Design
Study of Repair of Avenida Julius Nyerere prepared in 2000.

Proposed drainage network for the study area shows Figure 18.7.3,4,5.
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Figure 18.7.3 Proposed Drainage Network District 1
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Figure 18.7.4 Proposed Drainage Network District 2
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Figure 18.7.5 Proposed Drainage Network District 3
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18.7.5 Design policy

Selection of drainage structureshould bedetermined taking consideration into the eval uation of
the Pilot project. Inurban area L-side ditch and L u-side ditch are selected as appropriable and
in semi urban area, the open drain is salected with considering easy maintenance.

In some parts of semi urban area where level of underground water is high; it should be
considered to construct soak pit and drain.

18.7.6 Proposed Drainage System for Study Area

In order to solve existing problem of drainage system JICA Study Team has prepared
following drainage system for study area.

Table 18.7.1 Proposed Drainage System for Study Area

Project Name Contents

Construction of New Drainage System
(Open ditch,Catch pit,Box culvert)
Cleaning of Existing Drainage System
(Catch pit, Pipe)

Construction of New Drainage System
(Lu-side ditch)

Construction of New Drainage System
(Lu-side ditch)

Construction of New Drainage System
Rehabilitation and Improvement of Av.Marien Ngouabi |(L-side ditch)

Cleaning of Existing Pipe

Cleaning of existing drainage system
(Catch pit, Pipe)

Construction of New Drainage System
(Catch pit)

Cleaning of Existing Drainage System
(Catch pit, Pipe)

Cleaning of Existing Drainage System

Construction of Missing Link on Av.Julius Nyerere

Trunk Road Rehabilitation and Improvement of Av.Acordos Lusaka

Rehabilitation and Improvement of Av.Angola

Rehabilitation of Industrial and Comercial Area Roads

Rehabilitation of Port Area Roads

Collector Ro

Rehabilitation of District 1 Area Roads

(Catch pit, Pipe)

Rehabilitation of District 2 Area Roads

Construction of New Drainage System
(Open ditch,U-side ditch)

Rehabilitation of District 3 Area Roads

Construction of New Drainage System
(Open ditch,U-side ditch)
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18.7.7 Proposed Drainage Structure Design

Proposed drainage structure are shown in Figure 18.7.6
All drawings are attached in the appendix.
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Figure 18.7.6 Proposed Drainage Structure
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18.8 PAVEMENT DESIGN
18.8.1 Selection of Pavement Type

Pavement structures are broadly divided into two types. namely, flexible pavement (asphalt)
and rigid pavement (concrete). Considering the construction economy and local conditions,
Asphalt Concrete Pavements are recommended for the Trunk Roads and Collector Roads in
Didrict 1 and the Indudtrid & Commercid Area

Concrete Block Pavement isrecommended for the Collector Roads in District 2 & 3 duetoeasy
maintenance.

Table 18.8.1 Proposed Pavement Type

Carriageway Sdewdk Remarks

Trunk Road AC DBST

Industrid and Commercid Area AC DBST

Roads

Port Area Roads AC or Concrete Concrete Block

Block

Didtrict 1 Area Roads AC Concrete Block

Digtrict 2 Area Roads Concrete Block DBST

Digtrict 3 Area Roads Concrete Block DBST

18.8.2 Pavement | mprovement Measures
Different stages of damaged roads demand different paving improvement measures. For this
purpose, an appropriate improvement measure should be selected based on the survey resultson

the Present Serviceability Index (PSl) for each exigting road as shown in Table 18.8.2.

Table18.8.2 Required Rehabilitation M easur es of Pavement

PSI IRI Improvement Measure
Very Bad 11<IRI Recongtruction from Subbase Course
Bad 7<IRI<10 | Recondruction from Base Course
Far 4<IRI<6 | Overlay
Good 2<|RI<3 | Pot-hole patching
Very Good O<IRI<1 | Ordinary maintenance work

Proposed pavement improvement measures are shown as Figure18.8.1.
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LEGEND Pavement |mprovement Measures PSI
Maintenance / Pot Hole Patching 2.5<PSI<5.0
Overlay 1.5<PSI<2.5
— Reconstruction from Base Course 0.5<PSI<1.5
— Reconstruction from Subbase Course 0.0<PSI<0.5

Figure 18.8.1 Pavement Improvement M easures
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18.8.3 Pavement Thickness Design

The pavement thickness design was carried out in accordance with AASHTO, as applied for
M ozambican Pavement Manudl.

The thickness and the structure of individual layers of pavement were designed based on a
comprehensive judgment of various factors including subgrade, estimated future traffic volume
of heavy vehicles, dimate conditions as well as economic aspects.

Thein-gStu soil/gravel gabilized materid is useful for Base course & Subbase course.
The stabilized materia strength of requiring for the base and subbase are already confirmed by
the Filot Project of this study.

The AASHOTO formula is used to caculate structural number [SN] in inches required
pavement structure placed on the roadbed soil withMr and able to carry the design traffic load
[ESALd] providing adesired quality of service expressed as the difference between the initial
and the find servicegbility index [DPSI=ISI-FSI].

ESALd=10" So* Zr+2.32* L 10(Mr)+9.36* L 10(SN+1)+L 10[[DPSI/2.7]/[0.4+1094/(SN+1)5.1

9]-8.27]
SN=h1*al* m1+h2* a2* m2+h3*a3*m3

Where
hi : layer thickness
a : layer drength coefficients
mi : drainage coefficients (1 for bituminous & cement sabilized layers)

Table18.8.3 Layer Coefficients

Pavement Materids a m
Asphdt concrete(existing AC) 0.35 1.0
Asphat concrete(new pavement) 0.40 1.0
Base course (cement gabilized materid) 0.20 1.0*
Subbbase course (cement stabilized 0.12 1.0*
materid)

* The improvement measures of the reduction of water level are necessary at the
place where the existing water level is high before the pavement works. (For
example : indalation of soaking pit)

-Desgn Traffic

The opening year of this project roads will be supposed year 2005. Target year of this project is
2010, however the design traffic in 2015 after 10 years from the opening year should be used
for design traffic. After 10 years from the opening year, the overlay works shall be done by
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periodic maintenance.
The cumulative numbers of axle loads on the project roads have been forecasted as shown in

Table 18.8.4.
Table18.8.4 Design Traffic

Table: Traffic dlassesfor paved roads
Cumulative Number of ) Cumulative Number of . . . "
GroupNo Standard Axles TrafficClass | sandard Axles Traffic Class Treffic |Designtrafficload
(ESALx1C) 2010 2010 (ESALX1C) 2015 2015 Class |ESALox1
1. Construction of Missing Link on Av. J. Nyrere T0 ESALd<0.15
0.12 TO 0.20 T1 T1 015 ESAl d<Q3

2. Rehabilitation & Improvement of Av. A. Lusaka T2 0.3 ESAL 0.7

2.1 Av. A. dos Lusaka(3013,4057) T3 0.7 ESAL 1.3

22 Av. G. Popular(1189) 0.22 TL 0.30 T2 Ta | 13 ESAL&25
3. Rehabilitation & Improvement of Av. Angola 15 25 FSAl «40

3.1 Av. Angola(3077) 40 ESAL «7.5

3.2RuasS. Cabral (3081)/Largo de Deta(3079) 0.32 T2 0.46 T2 E 75 ESALd<12

Ié- Rdﬂaknilitalion & Improvgment of Av. M‘arien Ngouabi(1166) N1 T0n 010 T1 18 12__ESAl <20

5. Rehabilitation of Industrial & Commercial Area Roads T9 20 ESAL <30

5.1 Av. J. Michel (1070)

5.2 Av. F. de Magalhaes(1038)

5.3 Av. Z. Magalhaela(1034)

5.4 Av. M. Siad Barre(1203) 0.29 T1 0.41 T2

5.5 Av. Romao Fernandes(1199)

5.6 Rue 1229

5.7 Av. As Estancias(1030)
6. Rehabilitation of Port Area Roads

6.1 Rue Consigglieri Pedroso(1022)

6.2 Rue Joaquim L apa(1020)

6.3 Rue do Bagamayo(1016)

6.4 Rue de Timor Leste(1014) 021 1 0.32 T2

6.5 Av. Martires de Inhaminga(1006)
6.6 Other 6 roads
7. Rehabilitation of District 1 Area Roads
7.1 Av. Milargre Mabote(1369)
7.2 Av. daMalhangalene(1357)
7.3 Av. Para O Parmar(1426)
7.4 Av. Kweme Nkrumah(1250)
7.5 Av. Paulo Samuel Kankhomba(1152) 0.09 TO 0.12 TO
7.6 Av. Emilia Dausse(1138)
7.7 Av. de Maguiguana(1130)
7.8 Av. Filipe Samuel Magaia(1183)
7.9 Av. Friendrich Engel5(1009)
8. Rehabilitation of District 2 Area Roads
8.1 Rua 2282/2265
8.2 Rua2275
8.3 Rua de Xipamanine(2291)
8.4 Rua dos Imaos Roby(2289) 0.12 T0 0.17 T1
8.5 Rua 2315/2313
8.6 Rua 2309/2324
8.7 Av. das Estancias(2000) 029 | 041 I2
9. Rehabilitation of District 3 Area Roads
9.1 Rua da Goa(3027)
9.2 Ruada Lixera(3030)
9.3 Av. Milagre Mbote(3001)
9.4 Av. da Malhangalene(3259)
9.5 Rua 1 de Maio(3374) 0.11 T0 0.15 T1
9.6 Rua 3306
9.7 Rua 3523
9.8 Rua 3576

- Reliability level: R = 85% (corresponds to urban trunk roads)
- Reliability leve: R = 80% (corresponds to collector roads)

- Rdiability Coefficient: Zr =-1.037 (corresponds to R = 85%)
- Rdiability Coefficient: Zr =-0.841 (corresponds to R = 80%)

- Standards Deviation of Focussed Axle Loads So = 0.45 (in the case of flexible pavement)
- Standards Deviation of Focussed Axle Loads: So = 0.35 (in the case of rigid pavement)

- Design CBR for subgrade
CBR for subgrade are determined as shown in Table 18.8.5.
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- Sanviceability Index (PS)
DPS| = ISl —FS|
IS = 4.2
FSI =22
DPSI =20

The required structural capacity [SNreq or SN2 as shown in the figure below] is determined by
abstracting the structural number of recovered and reworked layers [SNr] from the design
structural number for anew pavement [SN].

SNreg=SN-SNr
For rehabilitation purpose the structural number required [SNo1] to re-establish the service
level and provide additional structural strength, is determined as the structural number for a
new pavement [SN] subtracted the exidting structural strength [ SNeff] :

SNo01=SN-SNEff

- Overlay Desgn
For the rehabilitation with an overlay the existing structural number is calculated for the total
existing pavement structure [SNEff], i.e. surfacing + base + subbbase, as described under,
“Determination of structural capacity of existing pavement layers. The required AC overlay
[OVL] thicknessin mm isthen calculated by the following equation

OVL=25.4*[ SN- SNEff]/al

The required thickness of pavement has been obtained applying the above condition to the
formula prescribed in AASHTO.

Tablel8.8.6, Figurel8.8.2 shows the optimum pavement structures recommended to be applied
for the proposed roads.

18.8.4 Pavement Structure of carriageway at around inter sections

Semi-flexible pavement will be adoptedat around intersections, level crossings at railway lines,
road hump sites and bus stops to prevent the deterioration of the paving due to oil leaking from
poorly maintained vehicles.

18.8.5 Pavement Structure of Sidewalk

The pavement structure to be applied for the sidewalk will be the simple pavement with DBST
and a 10cm thickness base course (gabilized materid).
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Table 18.8.5 Design CBR
Subgrade Strength(CBR) EXTﬁ &g::(ﬂ;em
Subgrade | Average Ave. Soked
Lengith Soakte)g cor| ok | oes anceR| o oubarede. ;ﬁ;"eg(ﬁ;) B S(%Bese o
GroupNo (km) (%) CBR(%) (%) Result of CBR test(%) AveCBR jin
1. Construction of Missing Link on Av. J. Nyrere 39 39 30 6 44] 34] 30| 48 39 39 |
24 24 20 S6 None | 231 23] 27] 24 24
2. Rehabilitation & Improvement of Av. A. Lusaka _ -
2.1 Av. A. dos Lusaka(3013,4057) 29 22 22
2.2 Av. G. Popular(1189) 32 32 32
3. Rehabilitation & Improvement of Av. Angola _ % 2 6 - %
3.1 Av. Angola(3077) 34 5 15 34 34
32Ruas. Cabral(3081)/Largo de Deta(3079) 17 7 0 [ 17 17
4. Rehabilitation & Improvement of Av. Marien Ngouabi(1166) 29 22 20 6 8 14 22| 21| 24 22 22
5. Rehabilitation of Industrial & Commercial Area Roads _ -
5.1 Av. J. Miche (1070) N R
5.2 Av. F. de Magalhaes(1038) - 3 16 -
53 Av. Z. Magalhaela(1034) 18 3 20 18 18
54 Av. M. Sad Bare{1203) > 2 2 6 4 2 PR x| %
5.5 Av. Romeo Fernandes(1199) _ 3 15 -
5.6 Rue 1229 24 24 24
5.7 Av. As Estancias(1030) N 3 14 -
6. Rehabilitation of Port Area Roads _ -
6.1 Rue Consigglieri Pedroso(1022) - -
6.2 Rue Joaquim L apa(1020) i -
6.3 Rue do Bagamayo(1016) _ 37 30 6 2 20 - 37
6.4 Ruede Timor Leste(1014) - -
6.5 Av. Martires de Inhaminga(1006) 27 32| 41 37
6.6 Other 6 roads - -
7. Rehabilitation of Digtrict 1 Area Roads - -
7.1 Av. Milargre Mabote(1369) - 4 12 -
7.2 Av. daMahangaene(1357) - 6 0 -
7.3 Av. Para O Parmar(1426) - -
7.4 Av. Kweme Nkrumah(1250) 27 4 12 27 27
7.5 Av_ Paulo Samue Kankhomba(1152) _ 2 2 S 2 16 12
7.6 Av. Emilia Dausse(1138) - 3 15 -
7.7 Av. de Maguiguana(1130) 22 2 12 22 22
7.8 Av. Filipe Samuel Magaia(1183) - 3 15 -
7.9 Av. Friendrich Engel(1009) 11 41 41
8. Rehabilitation of District 2 Area Roads - -
8.1 Rua 2282/2265 22 1 18 21| 24 23
8.2 Rua2275 38 None None 38 38
8.3 Rua de Xipamanine(2291) 32 None None 32 32
8.4 Ruados Imaos Roby(ZZ_S%) 19 % 2 S 4 0 19 19 %
8.5 Rua 2315/2313 16 None None 16 16
8.6 Rua 2309/2324 - None None -
8.7 AV. das ESancias(2000) i 3 14 B
9. Rehabilitation of District 3 Area Roads _ -
9.1 Ruada Goa(3027) - 1 2 -
9.2 RuadaLixera(3030) 16 1 5 16 16
9.3 Av. Milagre Mbote(3001) 24 None None 18] 29 24
9.4 Av. daMahangalene(3259) - 21 20 6 None None - 21
9.5 Rua1 deMaio(3374) 22 5 15 22 22
9.6 Rua3306 - None None -
9.7 Rua3523 - None None -
.BRua _ None None -

Table : Subgrade Classificatiol

* Bold& Italic Numbers are shown as the existing pavement thickness which are adopted by pavement design.
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Proposed Pavement Structure

1. New construction of Missing Link on Av. J. Nyerere

30 : As surfase course
40 : As binder course

100 : Base course (Graded Crushed Stone)

150 : Subbase course (Crushed Stone)

CBR=20%

2. Rehabilitation & Imprpvement of Av. A. Lusaka/ G. Popular

2.1 Overlay
sl e —
(50 : Existing AC)
(150 : Existing Base)
CBR=20%

2.2 Reconstruction from Base course

existing surfase level 50 : As Surfase course

(150 : Stabilised Existing Base Material)

CBR=20%

3. Rehabilitation & Improvement of Av. Angola/ Rua S. Cabral/Largo de Deta

3.1 Overlay
sy s E— = T
(50 : Existing AC)
(150 : Existing Base)
CBR=20%

3.2 Reconstruction from Base course

existing surfase level 60 : As Surfase course

(150 : Stabilised Existing Base Material)

|

CBR=20%

4, Rehabilitation & Improvement of Marien Ngouabi

4.1 Overlay
s  ——— TV
(80 : Existing AC)
(140 : Existing Base)
CBR=20%

4.2 Reconstruction from Base course

existing surfaselevel 50 : As Surfase course

(140 : Stabilised Existing Base Material)

|

CBR=20%

Figure 18.8.2 Proposed Pavement Structures(1)
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5. Rehabilitation of Industrial & Commercial Area Roads
5.1 Overlay

existing surfase level

60 : Overlay
(20 - Fvictinn AN

(150 : Existing Base)

CBR=20%
5.2 Reconstruction from Base course

existing surfaselevel 50 : As Surfase course

150 : Stabilised Existing Base Material

CBR=20%

6. Rehabilitation of Port Area Roads

6.1 Overlay
sy anze e —— a—
(20: Existing AC)
(200: Existing Base)
CBR=20%

6.2 Reconstruction from Base course

existing surfase level

80 : Interlocking Block
(30 : Sandbed)
100 - Stahilised Fxigtina Rase Material

|

CBR=20%

7. Rehabilitation of District 1 Area Roads

7.1 Overlay
s ana s T 40: Ovely
(20 : Existing AC)
(200: Existing Base)
CBR=20%

7.2 Reconstruction from Base course

existing surfase level 40 :As Surfase course

130 : Stabilised Existing Base Materia

CBR=20%
8. Rehabilitation of District 2& 3 Area Roads

existing surfase level

| 80 : Interlocking Block
(30 : Sandbed)
100 - Stahiliced Fxistinn Rase Material

|

CBR=20%

Figure 18.8.2 Proposed Pavement Structures(2)
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Table 18.8.6(1) Pavement Design for Overlay

Pavement Design for Overlay SN (Structure Number of existing pavement)
Existing Pavement Thickness surfacing base Ngie N eired | Nege | Overlay
Reconstruction .
Group No Maintenance Overlay fzﬁog:sre uzgspse from Subbase | New Construction| C;;??é:sn :&129(2:) Exm(';?) Base
Length (km) course 0.35] 0.12 0.4 Proposed
3. Rehabilitation & Improvement of Av. A. Lusaka 0,00l
3.1Av. A, dos Lusoka(3013,4057) 2 60| 250 010 50 150 17.50] 18.00 1.40} 1.96] 0.56] 35.46] 40
32Av. G. Popular(1189) 0.65] 065 s6 50 150 17.50] _18.00 1400 196] 056] 35461 40
4. Rehabilitation & Improvement of Av. Angola 0.00|
4.1 Av. Angola(3077) 2 05| 2 05| 50 150 17.50]  18.00 1.40 2.10] 0.70] 44.41f 50
4.2 Rua S. Cabral (3081)/Largo de Deta(3079) 0651 0 65) 50 150 17.50]  18.00 1.40) 2.10] 0.70] 44.41[ 50
[5- Rehabilitation & Improvement of Av. Marien Ngouabi(1166) 1.80) 1.30} 0.50) S6 80 140 28.00]  16.80 T.76] 181] 0.04] 2.745] 40
6. Rehabilitation of Industrial & Commercial Area Roads 000l
6.1 Av. J. Michel(1070) 170 170 30 150 10.50] __18.00 11 197] 0.85] 5391 60
6.2 Av. F. de Magalhaex(1038) 1.30) 1.30} 30 150 10.50]  18.00 1.12 1.97] 0.85] 53.91] 60
6.3Av. Z. Magalhaela(1034) 177 177 s6 30 150 O.SQ| 8.00 .12} .97] 0.85] 53.9 60
6.4Av. M. Siad Barre(1203) 139 039 0.50) 30 150 0.50) 8.00 . 2] .97] 0.85] 5391] 60
6.5 Av. Romao Fernandes(1199) 1,55 1.55} 30 150 0.50} 8.00 .12} .97] 0.85] 53.9 60
6.6 Rue 1229 0241 0241 30 150 10.50) __18.00 11 1.97] 0.85] 5391 60
6.7 Av. As Estancias(1030) (.5 058l 30 150 10.50] 18.00 1.12) 1.97] 0.85] 53.91] 60
7. Rehahilitation of Port Area Roads 0.00|
7.1 Rue Consigglieri Pedroso(1022) 0.45! 045 20 200 7.OQ| 24.00 .22} .72] 0.49] 314 40
7.2 Rue Joaguim Lapa(1020) 025! 025} 20 200 7.00] _24.00 .22] .72] 0.49] 3141 40
7.3 Rue do Bagamayo(1016) 0.45) 0.45) S6 20 200 7.00] 24.00 .22} 72| 049| 314 40
7.4 Ruede Timor Leste(1014) 025! 025 20 200 7.00] _24.00 12 172] 049] 31.4f 40
7.5 Av. Martires de |nhaminga(1006) 045! 045 20 200 7.00] _24.00 1.2 172] 049] 31.4f 40
7.6 Other 6 roads 1.68] 0.25| 1.43) 20 200 7.00]  24.00 1.22] 1.72] 049| 314 40
8. Rehabilitation of District 1 Area Roads 0.00]
8.1 Av. Milargre Mabote(1369) 1.03 050 053 30 130 10.50] _15.60 1.03 1.60] 0.57] 36.35] 40
8.2 Av. daMalhangalene(1357) 0.99] 0.49 0.50) 30 130 10.50] 15.60 1.03] 1.60] 0.57| 36.35] 40
83 Av. ParaO Parmar(1426) 129 129 30 130 10.50] __15.60 1.03 1.60] 0.57] 36.35] 40
8.4 Av. Kweme Nkrumah(1250) 1.60 1.00 060 30 130 10,50} __15.60 1.03 1.60] 0.57] 36.35] 40
85 Av. Paulo Samuel Kenkhomba(1152) > ) > 2] S6 30 130 1050] 1560 103] _160] 057] 36.35] 40
8.6 Av. Emilia Dausse(1138) 227 227 30 30 O.SQ| 5.60 .03} .60] 0.57] 36.35] 40
8.7 Av. de Maguiguana(1130) 2.40! 2.40! 30 30 0.50f 5.60 .03} .60] _0.57] 36.35] 40
8.8 Av. Filipe Samuel Magaia(1183) 1 76} 176l 30 30 0.50] 5.60 .Oi .60] 0.57] 36.35] 40
m;%ﬁm@?ioog) 1 5 108 0 50) 30 30 0.50} 5.60 .03} .60] 0.57] 36.35] 40
9. Rehabilitation of District 2 Area Roads 0.00]
9.1 Rua 2282/2265 2 26| 2 26| 1 18 1.65
9.2 Rua 2275 201 201 None None .65
9.3 Rua de Xipamanine(2291) 113] 1.13l s6 None None .65
9.4 Rua dos |maos Roby(2289) 120! 120l 4 0 .65
9.5 Rua2315/2313 111 111 None None 65
9.6 Rua 2309/2324 06 068! None None 165
9.7 Av. das Estancias(2000) 1.07] 1.07] 3 14 1.65
10. Rehabilitation of District 3 AreaRoads 0.00)
10.1 Ruada Goa(3027) 0.76) 0,76 1 2 1.61
10.2 Ruada Lixera(3030) 0,79 079 1 5 1.61
10.3 Av. Milagre Mbote(3001) 19 193 None None 161
10.4 Av. daMahangaene(3259) 1.86 1.86] S6 None None 1.61
10.5 Rua 1 de Maio(3374) 1.50] 1.50] 5 15 1.61
10.6 Rua 3306 0.52) 0.52] None None 1.61
10.7 Rua 3523 0.95| 0.95) None None 161
10.8Rua3576 1.10) 1.10) None None 1.61
56.18 0.00 15.46 20.59 20.13 0.00 * Bold& Italic Numbers are shown as the existing pavement thickness which are adopted by pavement design. .
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Table 18.8.6(2) Pavement Design for Reconstruction

SN__ (Structure Number of existing pavemen)

Base
Pavement Design for Reconstruction from Base course Existing Pavement Thickness surfacing | base Proposed Pavement Thickness Surface (S‘:ﬁ;d) (zxa‘bs“'“r
SNoct | SNesrea | SNer = N
Group No Length (k)| Maintenance ovelay Reconstruction T:‘Img New Construction| - Suborade I ExistingAs | ExistingBase | 5o 012 Assurface | Stabilised 2;2‘1"‘:? 04 02 0.08
from Base course course Classificationf| Surface (mm) (mm) : - (mm) Base () Jo ) g . .
3. Rehabilitation & Imerovement of Av. A. Lusaka 0.0d
3.1 Av. A. dos Luseka(3013,4057) 3.6 3.5 0.1 50 150 18.0f 0.71] 1.96 1.2 50.0 0.00] 150.00 0.0 0.00} 12.00 1.2
32 Av. G. Popular(1189) 0.6! 0.6! 6 50 150 18.0 0.71] 1.96 T25 500 0.00]  150.00 0.0 0.00]  12.00 1.2
4. Rehabilitation & Tmprovement of Av. An 0.00 1
4.1 Av. Angola(3077) 3.0 3.0! 50 150 18.004 0.711 2.10 1.39 60.00 0.00] 150.00 24.00 0.00] 12.00 1.42)
4.2 Rua S, Cabral(3081)/Largo de Deta(3079) 0.6 0.6 50 TS50 T80 U.77 10 T3 BO.O1 U.00[ 150,00 Zay OO0 1Z.00 T
5. Rehabilitation & Improvement of Av. Marien Ngouabi(1166) 1.80 1.3 0.5 S6 380 140 16.9 0.60] 1.61 L1 ©U.Ul 0.00]" 140.00 0.0t 0.00] 1T.20 T.
6. Rehabilitation of Industrial & Commercial Area Roads 0.0d
6.1 Av. J. Michel(1070) 7! 1.70 30 150 18.004 0.71] 1.97 1.2 50.0(4 0.00] 150.00 20.09 0.00] 12.00 1.26]
6.2 Av. F. de Magalhaes(1038) 3 1.3 30 150 18.0 0.71 1.97 12 50.0 0.00] _150.00]_20.0¢ 0.00] 12.00 1.26)
6.3 Av. Z. Magahaela(1034) 77 1.7 6 30 150 18.0 0.71 1.97 12 50.0 0.00] _150.00]_20.0¢ 0.00] 12.00 1.26)
6.4 Av. M. Siad Bare(1203) 39 0.89 0.5( 30 150 18.0 0.71] 1.97 12 50.0 0.00]  150.00] 20.01 0.00]  12.00 1.26)
6.5 Av. Romao Fernandes(1199) 159 159 30 T50 T80 071 197 12 SO0 T.00| 15000 20.0 000 1200 1.79
6.6 Rue 1229 0.24] 0.24 30 150 18.0f 0.71] 1.97 1.2 50.0 0.00] 150.00 20.0 0.00] 12.00 1.2
5.7 AV. As ESancia(1030) O.% 0_53 30 T50 T8.0 U.77 T.97 T. 50.0 000 150.00 .01 000 12.00 T.75
7. Rehabilitation of Port AreaRoads 0.
7.1 Rue Consigglieri Pedroso(1022) 0.49 0.4 20 200 24.01 0.94] 177 0.7 40.01 0.00] 200.00 16.01 0.00] 16.00 1.7
7.2 Rue Joaguim L apa(1020) 0.2 0.2! 20 200 24.00 0.94] 1.72 0.77] 40.00 0.00] 200.00 16.00 0.00] 16.00 1.26]
7.3 Rue do Bagamayo(1016) 0.4! 0.4 S6 20 00 270 004 L7207 70.0 0.00] _200.00] _ 16.0 0.00] 16,00 LD
7.4 Rue de Timor Leste(1014) 0.2 0.2! 20 200 24.0 0.94] 1.72 0.7 40.0( 0.00] 200.00 16.0 0.00] 16.00 1.2
7.5 Av. Martires de Inhaminga(1006) 0.4 0.4! 20 200 24.01 0.94] 1.72 0.7 40.0( 0.00]  200.00 16.0 0.00] 16.00 1.2¢
76 Other 6 roads 164 0.29 [WE 70 700 730 094 L72[ 077 400 0.00] 20000 16.01 000 1600 L%
8. Rehabilitation of District 1 Area Roads 0.
8.1 Av. Milargre Mabote(1369) 1.0 0.5 0.5 30 130 15.6 0.61 1.60 0.990 40.0 0.00] 130.00] 16.0f 0.00] 10.40 1.04
82 Av. da Malhangalene(1357) 0.99 0.49 0.5 30 130 15.6 0.61] 1.60 0.99]  40.0 0.00]  130.00]  16.0f 0.00]  10.40 1.04
.3 Av. Para O Parmar(1426) .29 1.29 30 130 15.61 0.6]] 1.60 0.9 40.01 0.00] 130.00 16.0 0.00] 10.40 1.04]
.4 Av. Kweme Nkrumah(1250) % 1.0 0.6 6 30 130 15.6 0.61 1.60 0.990  40.0 0.00] 130.00] 16.0f 0.00] _10.40 1.04
.5 Av. Paulo Samuel Kankhomba(1152) 3! 2.3 30 T30 15.6 0.61 1.60 0.990  40.0 0.00] 130.00] 16.0f 0.00] _10.40 1.04
.6 Av. Emilia Dauss(1138) .27 2.21] 30 T30 15.6 0.61] 1.60 0.99]  40.0 0.00]  130.00]  16.0f 0.00]  10.40 1.04)
8.7 AV. de Maguiguana(1130) 2.4 2.4 30 T30 156 061 160 00 0.0 0.00] 13000 16.0 000 1040 1.04
8.8 Av. Filipe Samuel Magaia(1183) 1.76 1.7 30 130 15.60 0.61 1.60 0.990  40.0 0.00] 130.00] 16.0Q4 0.00] 10.40 1.04)
—B'?A_F%'m V. Friendrid 158 1.0 0.50 30 T30 150 061  L.o0 09 70.0 T.00| _13000] _ 16.01 T.00| 1040 107
9. Rehabilitation of District 2 Area Roads 0.00
9.1 Rua 2282/2265 2.34 2.39 1 18 1.65 0.0¢ 0.00] 0.00 0.00)
.2 Rua 2275 None None 6! 0.0 0.00) 0.00 0.00
.3 Rua de Xipamenine(2291 E 3 None None 6! 0.0( 0.00] 0.00 0.0
S6
.4 Rua dos | maos Roby(2289) R R 4 0 6! 0.0( 0.00] 0.00 0.0(
.5 Rua 2315/2313 1] 1] None None .6! 0.0 0.00} 0.00 0.0
9.6 Rua 2309/2324 064 0.63 [ None None TE5 004 T.00 000 00
[T7 AV, dos Etancias(2000) 1.07 1.07 3 T T65 A ALY 000 OO
|10, Renhabilitation of District 3 AreaRoads. 0.
10.1 Rua da Goa(3027) 0.71 0.79 T 2 1.61 0.0 0.00] 0.00 0.00)
10.2 Rua da Lixera(3030) 0.79 0.79% 1 5 161 0.00 0.00} 0.00 0.0t
10.3 Av. Milagre Mbote(3000) K o None None 1.61 0.0 0.00] __0.00 __0.00)
10.4 Av. da Malhangalene(3259) .8 g S6 None None 1.61 0.0 0.00} 0.00 0.00}
10.5 Rua 1 de Maio(3374) = = 5 15 1.61 0.0 0.00] 0.00 0.00)
10.6 Rua 3306 .57 .57 None None 1.61 0.0 0.00 0.00 0.00)
10.7 Rua 3523 0.99 0.99 None None 1.61 0.0 0.00] 0.00 0.00}
[~ 108 Rua 3576 1.10) 110 | None None TOoL T.01 0.00] 0.00 OO
56.18 0.00 15.46 20.59 20.13 0.00 * Bold& Italic Numbers are shown as the existing pavement thickness which are adopted by pavement design.
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Table 18.8.6(3) Pavement Design for New Construction

Pavement Design for New Construction Proposed Pavement Thickness Sufae | Base | Sibbese
. Reconstruction . SNrequired SN
Group No Length (km) Maintenance Overlay frrginm g;:?olﬁge from Subbase | New Construction a ;?E;:j; (Arzn?; riece Base (mm) (SI"J1bnt‘§E 04 0.14 0.11
course
1. Construction of Missing Link on Av. J. Nyrere A80 4 [ 1.82 70.00 100.000 150.004 28.00 14.00 16.50 2.30
. Stabilised
Pavement Design for New Construction Proposed Pavement Thickness Sufece | Sendmat | g0
Recongtruction SNemires o SN
. Reconstruction " *Subgrade [Concrete  |Sandmat Srtabilised
Group No Length (km) Maintenance Overlay from Base course frombme New Construction} | assification Block (mm)|(mm) Base (mm) 04 0 0.20
7. Rehabilitation of Port Area Roads non
7.1 Rue Consigglieri Pedroso(1022) N4s n4s 172 80.00 30,001 1000 32.00 0001 2000 205
7.2 Rue Joaquim Lapa(1020) 028 025 172 80.00 30.00] 100.00 32.00 0.00 20.00 2.05
7.3 Rue do Bagamayo(1016) 045 045 6 172 80.00 30.00] 100.04 __32.00] 0.00 20.00 2.05
7.4 Rue de Timor Leste(1014) nog 0 o5 172 80.00] 30,001 __100.0f 32.00 000 2000 205
7.5 Av. Martires de Inhaminga(1006) 048 045 172 80.00 30.00] 100.00 32.00] 0.00 20.00 2.05
7.6 Other 6 roads 1.68 0.25) 143 172 80.00 30.00] 100.04 _ 32.00] 0.00 20.00 2.05
9. Rehabilitation of District 2 Area Roads a0l
9.1 Rua 2282/2265 224 223 165 80.00] 30.00] 100.00 32.00 0.00 20.00 2.05
9.2 Rua 2275 201 20 165 80.00 30.00] 100.04  32.00] 0.00 20.00 2.05
9.3 Rua de Xipamanine(2291) 113 11 % 165 80.00 30,001 100.0f 32.00 000 2000 200
9.4 Rua dos | maos Roby(2289) 130 ] 165 80.00 30.00] 100.04 32.00] 0.00 20.00 2.05
9.5 Rua 2315/2313 111 111 165 80.00f 30.00] 100.0 32.00 0.00] 20.00 205
9.6 Rua 2309/2324 Jar=:) 0 165 80.00) 30,001 100.0f 32,00 000 20.00 200
9.7 Av. das Estancias(2000) 107 107 165 80.00] 30.00] 100.00 32.00 0.00 20.00 2.05
10. Rehabilitation of District 3 Area Roads 000!
10.1 Rua da Goa(3027) 0748 07 161 80.00 30,001 100.0f 32,00 000 20,00 200
10.2 Rua da Lixera(3030) 079 07 161 80.00] 30.00] 100.00 32.00 0.00 20.00 2.05
10.3 Av. Milagre Mbote(3001) 102 1 161 80.00 30.00] 100.04 _32.00] 0.00 20.00 2.05
10.4 Av. da Malhangalene(3259) 186 18 6 161 80.00 30,001 100.0f 32.00) 000 20.00 205
10.5 Rua 1 de Maio(3374) 150 1.50) 161 80.00f 30.00] 100.0d 32.00 0.00) 20.00, 2.05
10.6 Rua 3306 nco 05D 161 80.00 30.00] 100.04 __32.00] 0.00 20.00 2.05
10.7 Rua 3523 nos 0o 161 80.00) 30,001 __100.0f 32.00 000 2000 205
10.8 Rua 3576 110 11 161 80.00 30.00] 100.0q  32.00] 0.00] 20.00 2.05
27.43 0.00 1.65 188 0.00 23.90
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18.9 ROAD FACILITIESDESIGN
18.9.1 Pedestrian Crossing

Pedestrian crossings will be introduced at intersections with trunk roads and near public
facilities (such as schools, churches and hospitals, etc.) In addition, humps and appropriate road
signswill beintroduced to slow down the traffic at places where such facilities are deemed to be
necessay.
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18.9.2 BusFacilities Design

The bus route and preliminary bus stop plan are planned as shown in the Chapter 11.3.

% 3
ﬁ »

T | | ®
0.0 0.5 1.0 2.0 3.0 4.0 kn

== Trunk bus route O Bus stop with 1 bay O Long distance bus termina
Branch bus route . Bus stop with 2 bays or more

e Bus lane O Bus terminal

Figure 18.9.1 Location of Bus Routes and Bus Stops
1) General Requirement
(1) Geometric design

Size of bus stop

Bus stops should be scaled for 2-3 buses at junctions of trunk bus routes. Other bus stops will
be scaled according to the public trangportation development plan.

Size of the bus stop is stipulated as shown in the Figure 18.9.2. However reduction of width to
2.0m should be consdered due to difficulties of land acquisition in the high-urbanized area.
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T 17
: 3.0-35
Sid Ik i -
<] 00 G : oa:
Bus bay
Carriageway I T 1
3.0-35 20n+15 3.0-35
Unit: m

() :inurbanized area

Figure 18.9.2 Size of Bus Stops

Position and dimension

In order to avoid blockage of through traffic at intersections, 3.0m of bus stop width should be
secured. Meantime carriageway width should also be secured minimum of 3.0m. Sidewalk
width at bus stops should be reduced at the place where difficult to secure the width of bus stop,
but preferably it should be secured minimum of 5.0m.

Position of bus stops should be kept away from road edge at maor intersections, minimum
length of 30m. Accordingly 14 nos. of bus stops near intersections should be rel ocated.

Position and scale of bus stops should be finalized according to the site situation, it should be
avoided in front of entrancesto buildings, dleys, etc.

| Bus bay
k Sidewalk El / 5.0m
’/ [ N, 1 \A_Lom
— / 3.0m
— N
— N
Major —| Carrigeway 3.0m
Intersection — e ———— —
—1
min. 30m

Figure 18.9.3 Position and Dimension at Inter section in the Urban Area

CHAPTER 18-76
ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT JICA STUDY TEAM

(2) Facilities

Bus sop facilities

At least one bus shelter with bench should be established at each bus stops. Also signboards
showing the route number of the buses should be established. Each bus shelter should have
information boards showing timetable, route map €tc.

In the bus stops, large sized public bus called “ TPM” and middle-small sized private bus called
“Chapa’ will share the same parking space. In order to avoid conflict between these, stopping
space should be separated, and road markings or signs should be installed in front of each

parking position.

B E~0)

| Space for TPM | | Space for Chapa |

Figure 18.9.4 Shareof Parking Space by TPM and Chapa

Parking control
In order to secure smooth bus operation, car parking should be prohibited around bus stops in

length of 30m from bus stops. Therefore parking control signs should be established.

2) Design

Typica plan of bus stops are as shown in the Appendix.

3) Implementation Programme

Road development or maintenance project

Bus stops located on the roads nominated to the road development or maintenance project

should be included in the above project.
21 nos. of bus stopswill be included in the road development and maintenance project.

Traffic management project

Bus stops located near intersections nominated to the traffic management project should be
included in the above project.

14 nos. of bus stops will be included in the traffic management project. 8 nos. will require
sdewak cutting in width of 1.0m.
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Public transportation project

9 nos. of bus stops located on Av. Vladimir Lenine and 5 nos. on Av. FPLM will beincluded in
the public transportation project. Furthermore 2 bus terminal, Combatentes and Trabalhadores
are nominated to the public trangportation project.

Other bus stops

Other bus stops, which are not included in the projects on the feasibility study, should be
maintained by the road development authority. These bus stops will have small-scaled size and
structure.

Location of bus stopsincluded in the above, are shown in the Figure 18.9.5.

Table 18.9.1 Bus Stop List

Type
. Bus .
No. Road Name Project category ) Bus Bay |Roadside| Total
Terminal
T1 |Av. Julius Nyerere Road Development 5
Public Transportation 1
Traffic Management 3 9
T2 |Av. Vladimir Lenine Public Transportation 9
(Excluded) 3 12
T3 Av. Acordos do Lusaka Road Improvement 4
Public Transportation 4
T4 |Av. Guerra Popular Road Development 2
Traffic Management 1
(Excluded) 1 4
15 Av. da Angola Road Improvement 5 5
T9 |Av. Marien Ngouabi Road Development 5 5
T10 |Av.da FPLM Public Transportation 5 5
- Av. 25 de Setembro Traffic Management 2
(Excluded) 3 5
Av. 24 de Julho Traffic Management 4
(Excluded) 5 9
Av. Edward Mondlane Traffic Management 4
(Excluded) 5 9
Av. Mao Tse Tung Traffic Management
(Excluded) 3 3
C2/C32]|Av. da Malhanagalene(1357/3259) Road Rehabilitation 3 3
C16 |Av. Martires de Inhaminga(1006) Public Transportation 1 1
C21 |Rua 2282/2265 Road Rehabilitation 3 3
C22 |Rua 2275 Road Rehabilitation 1 1
C23 |Rua de Xipamanine(2291) Road Rehabilitation 1 1
C24 |Rua dos Imaos Roby(2289) Road Rehabilitation 3 3
C25 |Rua 2315/2313 Road Rehabilitation 2 2
C26 |Rua 2309/2324 Road Rehabilitation 1 1
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18.9.3 Lighting and Other Road Facilities

1) Lighting

Lighting facilities should be introduced at signalled intersections, channelized intersectionsand
pedestrian crossings to ensure safe travelling at night.

2) Chatter-bar

Chatter-bars will be installed aong the centre line at those sections without lighting to ensure
safe travelling a night.
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18.9.4 Road Signsand Markings

1) Road Signs

Road sgns shown below should be established.

® \Wamning 9gns

AN

® Regulatory Sgns

® Other

Pededtrian crossing ahead

- Infront of pedestrian crossing
Children crossing aheed

- In front of school, play ground etc.

Hump aheed
- Infront of speed hump

Stop sign

- At the exit of the road

Speed limit

- Every 500m on the road

No parkin

- In front of place where roadside parking is prohibited
No entry

- At the exit of the one-way street

Direction

- At the entrance of the one-way street, on main road

One way
- At the entrance of the one-way street

Bus stop

- In front of bus stop
Parking

- At the roadside parking
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2) Road Markings

Road markings shown below should be established.

Lane marking (s0lid line)

- 30-50m from intersections

Lane marking (dotted line)

- Carriageway where over-taking is alowed

- Shift section at intersection

- Boundary of bus bay

Direction arrow

- Intersection, more than two lane

Sopline

- Intersection, 1-2m in front of pedestrian crossings
Channdlization zebra

- Intersection, where necessary to channelize the direction of turning traffic
Pedestrian crossing zebra

- Intersection

- Infront of school, playground etc.

- Place where pedestrian crossing are much
Roadside parking strip

- At the roadside parking

Roadside gtrip

- Whole section of roads

Speed hump zebra
- Place where speed hump is established
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18.10 RELOCATION AND PROTECTION OF PUBILIC UTILITIES

18.10.1 Reocation of Public Utilities

Relocation of existing utilities is one of the most difficult aspects of road construction in urban
areas due to the involvement of many authorities or agencies who have different policies,
development time schedules and technical standards.

The existing utilities were investigated by the study team referring to the available data
obtained from the authorities and agencies concerned.

Public utilities, either underground or overhead, are planned to be installed at sidewalks or
shoulders so that repair and maintenance operations for the services will not hinder traffic and
accelerate the deterioration of the road structures after they are opened to traffic. The shoulders
and sdewalks will be provide space to contain the following public utilities;

() Water main and didtribution pipes
(i) Electric power line and poles
(i)  Teecommunication lines

The inventory of the existing public utilities to be relocated and protected by the Project is
shown in a separated volume entitled “ Drawing” .

All utilities to be affected by the construction of the proposed roads must be relocated and
replaced or protected. Normally, the authorities or agencies concerned are responsible for the
relocation and replacement of electric facilities, telephone cables, water main at their own cost.

18.10.2 Compensation of Public Properties

Compensation of public properties will be necessary by widening of the exiging road.

(1) Av. Marien Ngouabi / Av. Guerra Popular

In the case of Av Marien Ngouabi and Av. Guerra Popular, compensation of public utilities will
be not necessary for widening from 2 to 4 lanes. But some walls of the public properties will be

necessary to shift for keep the proposed road width.

(2) Av. V. Lenine
Some of walls of the propertieswill be necessary to shift for keep the proposed road width at the
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proposed bus bay.

(3) Didtrict 2 and 3 Area Roads
In case of District 2 and 3 Area Roads, the existing road width is so narrow that compensation

of public utilities will be necessary. The numbers of property compensation are shown in Table
18.4.2.

(4) Industrial and Commercial Area Roads/Port Area Roads/Didtrict 1 Area Roads

In case of the objective roads such as Industrial and Commercial Area Roads, Port Area Roads
and District 1 Area Roads, compensation of properties will not necessary because these roads
will not be changed the existing road width.
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CHAPTER 19: CONSTRUCTION PLAN AND COST ESTIMATE

191  GENERAL

The project is composed of these projects as shown below.

1) Road Development Plan

Trunk Road Development Plan
1. Congruction of Bypass missing link on Av. Julius Nyerere
2. Improvement of Av. Viadimir Lenine
3. Rehabilitation and improvement of Av. Acordos de Lusska and Av. Guerra Popular
4. Rehabilitation and improvement of Av. de Angola
5. Rehabilitation and improvement of Av. Marien Ngougabi
Collector Road Development Plan:
1. Rehabilitation of indudiria and commercid area roads
2. Rehabilitation of port arearoads
Resdential Area Roads.
1. Rehabilitation of Didrict 1 arearoads
2. Rehahilitation of Didtrict 2 arearoads
3. Rehahilitation of Didtrict 3 arearoads

2) Traffic Management Plan:

Rehabilitation and improvement of intersections in the CBD
3) Public Transport Plan:

Rehabilitation and improvement of bus stops and bus terminds
The project cost, which consists of construction cost, land acquisition and compensation cost,
physical contingency, costs for engineering services and supervisory services etc. have been
estimated with the details being included herein.

192 CONDITIONSAFFECTING THE CONSTRUCTION SITES

The estimated workable days for construction planning are estimated based on the assumption
of the number of days suspended due to rain, holidays and other conditions.
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19.2.1 Social Conditions
1) Holidays

Sunday should be excluded from the workable days. Furthermore, there are nationa
holidays and regiond holidaysin Mozambique as follows.

- Sunday : 52 days
- Nationd holidays . 7 days
- Rdigious holidays (Chrismeas, Eagter) : 21 days

2) Working Hours

According to the Labour 's act in Mozambique, the working hours is 8 hours per day, 48 hours
per week.

19.2.2 Weather Conditions
Rain season is from November to March. Especialy from December and January, efficiency
of construction is expected to be descent. During rain season, efficiency of construction

works is assumed as follows. These are compared with the efficiency in the dry season.

Table 19.2.1 Efficiency of Construction Works

Jan Feb Mar Apr-Oct Nov Dec Efficiency
Earthwork 50-60% | 50-60% | 60-70% 100% 50% 50%
Pavement work 50-60% | 50-60% | 60-70% 100% 50% 50% 0%
Drainage work 100% 100% 100% 100% 100%* 100%*
Structural work 100% 100% 100% 100% 100% 100%

* . Structural works under the groundwater level is should be stopped in November and December

due to groundwater.

19.2.3 Labour Force

For the purpose of the cost estimation, labours engaging in this project are assumed to the
labour sent by local contractor. Except foreman or skilled worker, some of these staffs may
be from foreign countries such as South Africa etc.
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19.2.4 Construction Materials

1) Cement

Cement is assumed to be supplied by loca supplier.

2) Ready-Mixed Concrete

Ready- mixed concrete is assumed to be supplied by the local contractor’s batching plant
located in Matola, 30km from the centre of Maputo city.

3) Crushed Stone

Crushed Stone for concrete and road works is assumed to be supplied from the local
contractor’s crushing plant located in Boane, 47km from the centre of Maputo city

4) Sand

Sand for concrete is assumed to be supplied from the local contractor’s crushing plant located
in Boane, 47km from the centre of Mgputo city.

5) Filling and Sub-grade M aterials

Filling and Sub- grade Materials is assumed to be supplied from the borrow pit along EN4 toll
road, 30km from the centre of Maputo city.

6) Pre-cast Concrete Products

Concrete products imported from South Africa, Swaziland etc. are available in Mozambique.
Its quality is more rdliable comparing with domestic products.
The following pre-cast concrete products are available in Mozambique, however the cost
should be considered comparing with cast-in-Stu.

- Kerb stone

- L-shaped side ditch

- LU

- Catch pit

- Soaking pit

- Pipe culvert
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7) Asphalt (bituminous materials)

Asphalt mixture is assumed to be supplied by the local contractor’s mixing plant located in
Matola, 30km from the center of Maputo city. Bituminous materials are imported from South
Africa

8) Sted (reinforcement and steel materials)

Reinforcement and other structural steel material is assumed to be imported from South
Africa
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19.25 Congruction Machinery and Plant
Construction machinery and plant which can be procured or leased in Mozambique are as
shown in the Table 19.2.2. Situation of possessionby foreign contractors (South Africa,

Japan, etc.) issame asthis.

These are from private companies, machinery and plant owned by government agencies are
not investigated in this Sudy.

The cost for maintenance and spare partsisincluded in rental cost of these machineries.

Table 19.2.2 Congruction M achinery and Plant Availablein Mozambique

Name of Construction Machinery Sp%:;gc;igit;ns/
Bulldozer 15t, 21t
Motor grader 3.1m
Wheel loader 1.4m3 1.8 m®
Vibration roller 0.8-1.0t, 3-4t
Macadam roller 8-12t
Tire roller 8-15t
Dump truck 10t
Truck crane 25t-100t
Vibro-hammer 40Kw
Back hoe 0.2-0.35 m*
Generator 50-100KVA
Compressor 5-10 m®min
Concrete plant 30 m®*h
Concrete pump car 60m°h
Asphalt plant 40t/h
Asphalt finisher 2.4-5m

19.2.6 Local Contractors

Local Contractors are assumed to make a sub-contract to main contractor.

1) Government-Owned Companies
(Not investigated)
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2) Private Companies
CMC Co., Ltd.
CETA Co., Ltd.
(Murray & Roberts Co., Ltd)

19.2.7 Accessof Construction Materials and Machinery to the Site

Construction materials and machineries are delivered from suppliers warehouse and local
contractor’s yard to the site through trunk roads.

19.2.8 Relocation of public Utilities

All utilities to be affected by the construction of the proposed roads must be relocated and
replaced or protected. Normally the authorities or agencies concerned are responsible for the
relocation and replacement of electric facilities, telephone cables, water mains at their own
cost.

Relocation should be done maintaining close coordination with the agencies concerned.

19.2.9 Traffic Management During the Construction

The widening of the existing oad may sometimes serioudy interfere with the traffic flow
during construction.  Since the proposed roads carry large number of vehicles, special care
should be taken for traffic management, especially safety. Diversion roads should be
properly provided with appropriate traffic signs and guides. Also, night work should be
considered to minimize the traffic congestion during the construction of proposed roads in the
centre of the city.

Widening of the existing roads sometimes requires relocation of existing bus bays and bus
stops which may hinder not only the operation of the bus services but also the passengers
getting on and off.

Temporary facilities should be provided near the existing bus bays for the convenience of
passengers during the congtruction.
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193 CONDITIONSFOR COST ESTIMATE

The basic premisesin estimating cost are asfollows.

1

2)

3)

4)

5

6)

7)

8)

9)

Project cost consgts of the following items:
Congtruction cost
- Congtruction
- House compensation and house relocation
- Structure strengthening
- Conaultant fee
- Contingency for price escalaion and physica change
- Adminigtration cost of Mozambican Government

All congtruction work will be executed by private contractors.

The unit cost of each cost component was determined based on the economic conditions
in 20010f Mozambique.

The structure strengthening is consists of the training and guidance of the new road
maintenance system, the procurements of training and maintenance equipments and the
congtruction of training room. This cogt is uniformly estimated a 0.56 million USS.

The consultant fee consists of detailed engineering design and construction supervision
and has been estimated at 8 % of construction cost. Tendering will be required at the
time of tender and it is estimated that this will be equivalent to 2% of construction cost.
Therefore the consultant fee will be estimated at 10 % of construction codt.

House compensation and relocation utilities costs were determined by the EIA survey.

Contingency for price escalation and physical change is estimated at 10 % of construction
cost.

Administration Cost of Mozambique Government is estimated at 1 % of construction
cost.

Currency
Exchange Rate: 1 US$ = 22,000 Mts.= 125.00 Yen, 1 Mts. = 0.00568 Y en (dJuly 2001)

CHAPTER 19-7

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT JICA STUDY TEAM

10) Taxationisuniformly 17 % to merchandise as VAT in Mozambigue.

11) Maintenance cost is classified into the routine maintenance cost and the periodic
maintenance cost. The routine maintenance cost is estimated at annua 1.5 % of
construction cost. And the periodic maintenance cost is estimated at 10 % every ten
years after completion of construction work.

12) Foreign and Loca Currency Portions for Construction Materials are as shown in the
Table 19.3.1.

Table 19.3.1 Foreign and Local Currency Portionsfor Construction Materials

Currency Portion
ltems -
Foreign Local
a. | Concrete produced by batches plant including material 0% 100%
b. | All equipment and plants for road construction 0% 100%
c. | Asphalt (Bituminous, coat, etc) for pavement material 0% 100%
including production costs by plants
d. | Reinforcing bar (deformed steel bar Do 10 32 mm) 0% 100%
e. | Raw materials such as sand, aggregate, rock, and 0% 100%
embankment material are locally available.
f. | Concrete products such as pipes, piles 0% 100%
g. | Form work (timber, steel including manufacturing) 0% 100%
h. | Frame support/ scaffolding work 0% 100%
i. | Labour (including expatriate expert labour) 3% 97%
j. | Fuel (gasoline, diesel) 0% 100%

13) Standard of Productivity
Standard of productivity is given from “Standard Productivity for Construction Works, 2001,
Minigtry of Land, Infrastructure and Transport, Japari’.
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194 UNIT RATES
19.4.1 Unit Pricesof Materials, Labour and Equipment

The unit prices of labour forces, materials and equipments are estimated as shown on the
Table 19.4.1. These are made through hearing to the relevant road development authorities
and local contractors in Mozambique, on the basis of the similar road or bridge project
executed in and around Maputo city.

The equipment cost is including miscellaneous costs such & the site mobilization cost, the
inland transportation fee eic.

19.4.2 Unit Costsfor Major Working Items
The Table 19.4.2 is showing the unit cost for magor working items, calculated for each

working items. These are made based on the preliminary construction schedule and method,
natural and socid conditions, availability of local materials and equipment, labour force eic.
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Table 19.4.1 Unit Price

Manpower Cost Currency Unit ~ US$
NO. Classification Unit | taken
1 |*Foremen (national) Day 64.82]
(international)

2 |*Mechanic Day 31.79
3 [*Electrician Day 46.32)
4 |*Equipment Operator Day 28.0]
5 [|*Assistant to Operator Day 7.45
6 [*Driver Day 29.75)
7 [|*Rigger Day 27.87
g |*Welder Day 37.12
9 [*Carpenter Day 26.91
10 [*Steelworker Day 26.41]
11 |* Concrete worker Day 26.91
12 |* Skilled labor Day 29.21
13 [*Common labor Day 651
14 [|* Miscellaneous Labor Day
15 |[* Engineer(20 Years experience) Montl  9169.45)
16 [* Engineer(10 years experience) Month  7235.40)
17 |* Engineer(5 years experience) Montl  5940.55
18 | Surveyor Mont}  6280.35
19 [*Accountant Montl  4071.35
20 [*Administrator Montl  7026.45)
21 [*Secretary Month 244.25)
22 |* Draftsman (5 years experience) Month 370.25)
23 [FTypist Mont{ 153,00
24 [|*Driver Montt 786.54}
25 |* Office boy Month 105.00}
26 [*Guardsman Month 163.75)

Material Cost Currency Unit ~ US$
NO. Classification Unit taken
1 |*Cement (portland cement) ton 138.50)
2 |*Reinforcing bar ton 847.50)
3 _|* Admixture for concrete kg
4 |*Coarse aggregate for concrete m3 29.40
5 |* Sand for concrete m3 24.20
6 |* Embankment material for road m3 6.45
7_|* Granular subbase material for road m3 12.82
8 |* Crushed Aggregate basecourse material m3 31.80
forroad
9__|* Bituminous stabilization treatment material ton
10 [*Bituminous concrete ton 98.75
11 |* Riprap material for slope m3
12 |* Wire mesh for Gabion and m2 31.70
13 |* Stone for Gabion and Mattress m3 27.06
14 [*Plywood(+=12mm) m2 19.20
15 |*Dynamite kg
16 |* Diesel oil liter 051
17 [*Gasoline liter 0.59
18 |* Precast concrete pipe (600mm dia) m 100.00]
19 |* Precast concrete pipe (800mm dia) m 163.85
20 |*Precast concrete pipe (1,000mm dia) m 263.50)
21 |* Precast concrete pile square  450*450mm m 217.50]
(ultimate capacity=125tonnes per pile
allowable capacity=50tonnes per pile)
22 |+ Elastomeric bearing pad (hardness 70) kg
23 _|+*steel expansion joint kg
24 |*Vinyl chloride pipe (50mm dia) m 351
25 |* Vinyl chloride pipe (100mm dia) m 8.64
26 [* Structural Steel angle , ton 2,362.50]
H-beam

27 |*Steel pipe (100mm dia) m 35.58
28 [|*Wood m3 460.00f
29 |*Sandbag no 3.20
30 |*Brick piece 0.17
31 |*Wwire kg 0.51
32 [|*Barbed wire m 1.03
33 |*Nail kg 0.98
34 |* Prestressing bar : 026 kg 1.09
35 |* Prestressing wire : 1207 kg 140
36 |* Prestressing strand wire kg 1.40
37 [*Emulsion SS60% litre 053
38 |*Ready mixed concrete 15MPa/20mm m3 85.00
39 |-dito- 25MPa/20mm m3 100.00
40 |*MetalForm m2

Equipment Cost Currency Unit ~ US$
NO. Name of Equipment Capacity ke
(/day) (/hour)

1 |* Dump truck 10ton 308.83] 38.60

2 [|*Cargo truck 4ton 172.16 21.52

3 |*Backhoe 0.6m3 536.10 67.01

4 |*Backhoe 0.35m3 441.95 55.24

5 [|*Backhoe 0.2m3 335.58] 41.95

6 |* Truckcrane 100ton

7 |* Truck crane 60ton

g [|*Truck Crane 25ton 587.70 73.46

g |* Crawler Crane 100ton 1606.70 200.84
10 [* Crawler Crane 50ton 1354.50 169.31
11 [*Crawler Crane 35ton 626.00 78.25
12 |*Vibrationhammer 40kw

13 |* water jet Standard 178.15 22.27
14 |* Portable conc. mixer 0.30m3 100.09 12.51
15 * Asphalt sprayer 2001tr 343.60 42.95
16 *Vibrating roller 500kg 100.37, 1255
17 |*Welder 300A 107.54 13.44
18 |*Winch 2ton

19 *Bulldozer 15ton 592.07| 74.01
20 |*Bulldozer 21ton 878.41 109.80
21 *Wheel loader 1.4m3 722.37 90.30
22 |*Wheelloader 1.8m3 845.39) 105.67
23 |* Macadam roller 8-12ton 363.36 45.42
24 |*Tireroller 8-15ton 444.41 55.55
25 |*Rammer 60kg 42.82] 5.35
26 * Concrete bucket 0.6m3 36.44) 455
27 |* Soil compactor 600-800kg 117.43 14.68
28 |*Compressor 5m3/min 239.60| 29.95
29 |*Compressor 7m3/min 323.36 40.42
30 *Compressor 10m3/min 403.14) 50.39
31 |*Generator 100kva 362.67| 45.33
32 |*Generator 50kva 186.64] 23.33
33 |* Water pump 150mm 53.51 6.69
34 [|* Concrete vibrator 1kw 32.23 4.03
35 |* Concrete Breaker 30kg 144.98 18.12
36 |*Motor grader 31m 711.41 88.93
37 [*Clamshell 0.6m3 47.70 5.96
38 |*Trailer 40ton 252.33] 31.54
39 |*Concrete plant 25-30m3/h 541.14] 67.64
40 [*Concrete Plant 30m3/h 566.14] 70.77
41 |*Asphalt plant 40T/h 1085.31 135.66
42 |* Water Tank Truck 5,500-6,500 530.59 66.32
43 |*Asphalt finisher 2.4m-5m 413.34] 51.67
44 |* Concrete Mixer Truck 5-6m3 460.91 57.61
45 |*Vibrating Roller 0.8t- 1.0t 76.52] 9.56
46 |*Vibrating Roller 3t-4t 530.71] 66.34
47 |*Concrete Breaker 1300kg 111.50 13.94
48 |* Concrete cutter blade 45-56cm 96.29 12.04
49 |*Dump truck 2ton 92.08 11.51
50 [*Concrete Pump 60m3/h 659.76] 82.47

Rental cost includes the cost for maintenance, transportation,

mobilization, fuel.
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Table 19.4.2 Unit Cost for Major Working Items

. Unit Rate

Item Spec Unit Y USS Vi
Machine excavation (without obstructions) cb.m 1.96
Machine excavation (with obstructions) cb.m 3.13]
Excavation for foundation (without obstructions) cbh.m 2.76
Excavation for foundation (with obstructions) cb.m 3.36)
Manual excavation cb.m 5.08]
Backfill ch.m 4.08
Manual embankment (fill) cb.m 3.05)
Compaction by tamper cb.m 1.76]
Embankment slope trimming sq.m 2.21
Cutting slope trimming sgq.m 3.26
Soil transportation (less than 0.5km distance) cb.m 2.45)
Removal of surplus soil (less than 10km distance) cb.m 10.52
Embankment (borrow material) cb.m 9.66)
Embankment (in-situ material) cbh.m 3.01
Foundation crushed stone (t=20cm) sg.m 11.49
Formwork (leveling concrete) sg.m 6.44
Formwork (reinforced concrete, plain concrete) sg.m 12.37
Formwork (small structure 1) sgq.m 10.03
Reinforcement t 1,007.68]
Concrete placement (manual casting) 028 15MPa] cb.m 105.19
Concrete placement (manual casting) 628 25MPa| cb.m 115.64
Concrete placement (pump casting) 628 15MPa] cb.m 103.12
Concrete placement (pump casting) 628 25MPa| cb.m 111.25
Scafolding sg.m 9.78
Supporting cb.m 18.64
RC pipe placing (6400) m 90.00
RC pipe placing (6600) m 119.24
RC pipe placing (6800) m 185.07
RC pipe placing (61000) m 296.28|
RC pipe placing (61200) m 400.00
RC pipe placing (61600) m 550.00
Pavement cutting (t = less than 10cm) m 0.19
Pavement demolition (t = less than 10cm) sgq.m 0.88]
Transportation of crushed stone cb.m 16.85
sg.m 1.13]
Subbase course (t=15cm) sg.m 7.26)
Base course (t=10cm) sg.m 5.65)
Shoulder pavement by penetration macadam sg.m 3.75
Stabilized base course (in place) t=200mm pulverize mixer sg.m 8.50)
Stabilized base course (in place) t=200mm plant sg.m 13.37
Stabilized base course (in place) t=200mm hand sg.m 17.02
Stabilized base course (central mixing) t=100mm pulverize mixer sg.m 4.36
Stabilized base course (central mixing) t=100mm plant sg.m 7.28
Stabilized base course (central mixing) t=100mm hand sgq.m 9.47
Transportation of asphalt concrete cb.m 24.09
Binder course t=4cm sg.m 12.32
Surface course t=3cm sg.m 9.19
Surface course t=4cm 13.43
Surface course t=5cm 14.54
Semiflexible pavement 1.13
Overlay t=4cm sg.m 13.00
Overlay t=5cm 16.00
Overlay t=6cm 19.00
Waste transportation cb.m 10.19
Interlocking concrete block pavement t=8cm sg.m 18.00
Interlocking concrete block pavement t=5cm sg.m 15.00
Kerb m 12.00
Drainage cleaning by mam-power m 3
Sodding sg.m 8.00]
Marking m 3
Removal of existing pavement cb.m 10
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195 WORK QUANTITIES

The work quantities are caculated on the basis of the preliminary engineering design
described in the Chapter 18. The summary of the work quantities for magjor working items is
asshownin the Table 19.5.1.

196 ESTIMATED CONSTRUCTION COSTS

The summary of the construction cost for major working items is as shown in the Table
19.6.1.
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Table 19.5.1 Work Quantities (1)

Missing Link Julius
Nyerere Trunk Roads
ftem Unit Ruas.Cabral/|  Av. Marien | Trunk Roads
OnLine offtine | av.v. Lenine] av. a. Lusaka | Av.G. Popular] Av. Angola | vargo de Deia| " Ngouabi Total
o
Queday m 0 5 1
e Rase m
Road | engiimy o 500) &0 1820 o770]
Road Wil o 1 2 2 1 1620
Canianeus, m 1 1 1 1 1
Sidewalk m 4 E 1 E d 7
Do o
Ll o
Toial Widh(m) m 1 1
Height(m) o
T e 7 =1 I
Busha YT Y 1 1 1
Exira hu 13 1254) 1
Intersection no- pl ) ] 1] 3
TRV
um 200000 0
Cut cum 220,000 82 (ﬁ
am
Reqoual L 9 a0 15
i Sioge om
il Slope sam
loe Proiecion am
[Pavement Work:
aragewa
Queiay zq e ro | 105ad Zaze0l
2l on (52 | e 40
o] sam q
Sl Cor am 15774 Eal
7 T 1300 1290
am fonn 5780 00 21 1875, = 801
\sphall Binder Course O sam q
om
e 0 T 1 20 o0 1080
ded Criished Sion 10d som
Base course (St 10d sam 3250 2754 3250 7400 2950
om 6000 5500 14
sbbase couse (Sanledy ET=: Y 1 S0 A0 4456
Concrele Rlock o) am 056
C sqm
F\nﬂ\dp( r
DAST am 20 EVETY
10d som
[Sidewalk sq.m 0
DBST o 1200 v q
Dlised ol o 1400 4409
Concrete Block 01 am 1 6370 8
ised 10d sam 6370 58,05
Eh oy o 2220 3
[Drainage Works
[Cleaning and flushing of existing drainege pipe m I 1 (EI 3003 4.0E|
Ren DD 0 1
& =2t
BO3xH04 m 1000
m
o o
side dich o 1248 1248
I shaned diain o
04x04 m
025307 o
05:05 o
05306 m
06x06 m q
0630 o
0230 o
08 m
07x09 m
0710 o
07yl o
071 m
0713 m -
T .
"Open Drain (Stone Piching) 07 X 0.7 m [
Open Drain (Stone Pitching) 0.8 0.8 m
10210 o
10 o
T0x15 m
‘Open Drain (Stone Pitching) 10x 1.0 m [J
Qoen iz (Sine PIching) 12300 o e
Qnen Diain (Siope Piching) 1 2301 o 20
‘Onen Diain (Sine Piching) 08 06 m 1120 1200]
‘Open Drain (Stone Pitching) 12 x 06 m 400
EaloDain02:00 ™ 230 q
m o
05305 o !
05x085 m 7100)
alconl I % | 2 2 | q Bz | I | ET7)
Soaiing Pl 7y 1 20 =
ollecting Conduit o 10 490 1
IPipe culvert no. d
[ ™ o 0 =1
o 2 =)
0o i 200
IGE) m
[ D1000 m
D500 o
[SEE) SUb-total] __ sub-tor
[Gutlet Construction
Block Pitching sam 3.846]
odding om
um 5100
[Boxcoiver
3000x3000 m 100 i
o =
5002000 o 5
20000000 m 5
(Sub-total) sub-totall sub-total
T
Lane Naiing o 1920 2200 0 130 810 130 5a50) 135
Roundahour o 1 ]
Chatter bar o JED | E| £ 1584
pedestrian signal) o 4 1 3j
Liftof pedesiianSonal ™y
o 1
Hutp o q
concrete slab(L5 X 10 x 0.15) o g
o
Tiee Blogk o
Tee el
Street Light set
Gahion P
exical Doy o
Removal Gahion um
Removal Kerb Stone m
Remoayl o
G om hoia)
Sub-tota)
[Refovation of Uity [
feilacticiLinaQuaiheadiia .
Eleciicin ine(Q) o
[ Electicivt ineQuarhead iy — e 120 50 1 10 10
Electricity Line(Underground)33kv. m [
Electricity Line(Underaround)o2ky’ m
Eleciicivlinell Y o
[ecohone LneiOverhead Y 10
“Telephone Line(Underground] m
Water Main D>300 m g
o
eweage o
[SEE) SUb-total] ___ sub-tor
[Flousecompensation [
= 1
o
o
Commercial o q
Commercal o
I o
Eacion m
(Subioia

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD
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FINAL REPORT

ROAD DEVELOPMENT OF THE CITY OF MAPUTO

JICA STUDY TEAM

Table 1951 Work Quantities (2)

ndustrial and Commercial Area Roads ort Area Roads
tem Unit Av.F. de Av.m.siad | Av.Romao av.as  |uc areaRroads| consigglieri | Rua doaquim | Ruado | Rua de Timor | av. martires de Port Area
Av.3.Michel | Magaihaes | wagalhaela Barre Fernandes | Rue 1220 Estancias Total Pedroso Bagamayo este inhaminga_| Other 6 roads | Roads Total
o
Quera fiil 175 S0
Base m 15 5T
Bt enaly m n = n 7o = 7 | = Z= = = = =
Road \Nidth . 16 Q) 18] 16 il Kl 0 1 14 1 1 19 14 it
Lauiageya, fiil 1 1 1 1 14 I
idevallc m 8 ] E 2 8 4 4 5 3 d 4 5 4|
Drain m 0 0 0
M o 0 0 0
Jotal \Width(m), fiil 16 0] 1 16/ 16 1 1 14/ 1 1 19/ 14/
Y 0o 05
Access Road 0] no 3
Busha 00,
Extra bus bay 1
no 1.600] 1.600]
ath \Work:
" 0 0 0 0 2] B
C P
Excavation common cum 1) el | 1 624 91 1ol 20 0 0 |
cu.m 474 S 156 Q) 0 Q)
oS o
)
‘Sope Proiecion sqm
(Sub-total) sub-total sub-total
aiace ]
- 0
o[ sam 0 150 292 s o0 9200 I
o 14000 6000 10 50 5000 0 0 36 50
Dlsom 0 [
ol Corse am
0 sgm 0
o 1600 11 080) 16 60 10440 12 560 120) 256 59 95
ohalt Binder Colrse. Dl som 0 [
e 0
‘Semi Flexible Pavement 5[ sam
Base course (Graded Crushed Stone) 10 sqm 0
(Sighlised Exsiing Naterah 2000 0 0| 6615, 10,615
o P m——
Stbbase course (Sebised) 150 sam 0 200 0 0 6lc 1061
Concrete Block sq.m 0 400X £61 1061
Compacied oo
bouider Lo
DRST am
(Stabiised) 100 sam
| s = 50 50%) 50%4 500 50%] 10%
DRST T 000 5160 2 23; !!l A %ii 0 n
) T T 000 160)] 4 40! 5280 520) 8
‘Concrete Block Paver Omm) sqm el 5 1 0 m;j 080 e_gl
(Siahlised) o 0 nza 6875 135 501 112 3080) 7.868)
ab Sione o Q
sub-total
IDrainage Works
leaningand (sl of eing dzinece e o 2,450[ 2,064 2,979 2.102| 2.108| 416 7od 13.003] 630 350] EEE | 363 754 2.002| 4,683
penain o 0
|_2023xH0 o L
BO3XHO4 m 0
m 0 i
e o 0
oSl e o Q
[0Shaped drain ) 0
0.4x0.4 m 9
045045 m L
0530¢ o Q
0506 m 0
0.6x0.6 m [
05 o Q
0730 o Q
m ]
0.7x0.9 m 0 9
0710 m
071 o
0 1 m
07x13 m
I — .
©Open Drain (Stone Pitching) 0.7 x 0.7 m 0 []
Open Drain (Stone Pitching) 0.8 x 0. m
100 m
10 o
10x15 m
‘Open Drain (Stone Piiching) LOX L0 m 0 [y
Qoen DN (Sione bl 12300 m
Qoen Diain (Stone Pitct 1 1 fiil
‘Onen Drain (Sione Pithing) 08X 06 m
‘Open Drain (Stone Pitching) 1.2 x 06 m
FathD@Ein03x04 o
m o
0505 m
05085 m
Cion = = po 7 | 7 7 pril z = = =T Y | = = = =
0aking Pit 00,
llecting Coriit o
Pipe culvert o ]
[ Dan Y 0
D400 fiil
Coe 0
0600 m
D1000 m
(ou=00 r P | P | 200
(Sub-total) sub-total
[Cuttet Construction
Block Pitching sqm
wddiog, e
P
[Box culvert
3000x3000 m
0 o
002000 o
m
(Sub-total)
Mork:
Laoe Marking, fiil 1 il 1,290} 120 1 Q) 1 Q) S0 8510 450 0] Al 4 1540 el
Roundabout m
Chatter bar o
o
L. pedesiiansonal o
Bussonchelter o
n o
concrete slab(1.5 x 1.0 x 0.15) 12}
Boundan Block il
Jec Block o
Tiee r
Street Light set
Cahion e
dical Dain fil
um
Removal Kerb Stone m
Bemga m
G "
|FeTovation of Uty
Eleclici el Ouetead iy o
Llecticity] fiil
[ Elecuicin|ine(Qverhead| o
Flectniciy Line(Underqround)33ky m
Electricity Line(Underaround 22k m
Elecicin i T o
|—Leleohone Line(Querhead) il
Teiephone Line(Underaround) m
Water Main D>300 m
AlerNan D300 o
(Sub-total)
[Fiouse compensation
o
0
™
[& i)
C o
I 0
Eaciony ™
(SubioE)

ORIENTAL CONSULTANTS CO., LTD
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FINAL REPORT

ROAD DEVELOPMENT OF THE CITY OF MAPUTO

JICA STUDY TEAM

Table 1951 Work Quantities (3)

District 1 Area Roads
A Pao
ftem unit | Av. Miargre | av. da Mahar] Av.Parao | Av Kaweme Dist 1 Avea
Mabote gelene pamar_| Nkumah | Kankhomba Roads Toial
o
Queday m il 1
Re ase m 1
Road | engihi) n 103} 98 160} 2
Road Wil o
Canianeun, m
Sidewalk m ]
Diain o
Lutilit 2.
Total Width(m) m k! 1 1 20
ieight(m) o
Acess R (00 7 |
Busha, L
Exira hus hay
Infersection no- 0
]
auh \Waork:
um
Cut cu.m
am
Remaalof QL 469 39
Cut Slope. 0.
Fill Slope sqm
Slooe Drotection 00,
Sl
[Pavement Works
armagewa)
Queriay, 1200 1 1 760)
am
o] sam
ohalt Surface Colrse,
am 3090
am
sphalt Binder Course D] sam
Seml ekl 1800] 1600)
ded Crished Sione) 10d som
Base course (St mﬁ SE m i
96/
Subbase corse (Siabilised) ekl 9270 8930)
Concrete Block. 0 9270 8930)
‘Compacted Subgrade sqm
oer e 1 1 q
DAST am m
am 3605} 4970} 857
[Sidewalk sq.m
[oasT o d
am
Concrete Biock 0 3240}
sqm
e Sions o
[Drainage Works |
[Cleaning and flushing of existing drainege pipe m 1
nen iz o
o
B0, HO4 m
m
o o
Sdegdich o T
| shaned diain o
04x04 m
045x04: .
05x05 o
05306 m o o
06x06 m
060 o
0730 o
m
07x09 m
I 10 o
07y o
0701 m
0713 m
T —— .
‘Gpen Drain (Stone PRehing)0 7 x 0.7 m
OpenD Pitching) 0.6x 0.8 m
10x10 o
10 o
TOx15 m
GpenD Q10x10 m
Qoenl 12:00 o
QpenD 120 o
OpenD 06 m
OpenD 0)1.2x06 m
EalhDan03:02 o
m o
[ 05c0s w 5of 0
05085 m
s m T I— m—| e m——c
[Soaking Dit 00
llecting Condiir o
Pipe culvert no-
[0, .
200, .
|—0a00 i i )
IGE) m
1000 m
1500 o
[Gutfet Construction
Block Pitching sqm
Sodding Q0
um
|Boxcuiver
3000x3000 m
5002000 o
m
Aok
L ane Maiking o Tow) LT 1o} 2 635
Roundabout .
Chatter bar o
o
Diftof .
o
Ty o 7 =
concrete slab(L5 x 10 x 015) o
o
JTee Block o
Tee el
Street Light set
P
edlical Dz o
Removal Gahion um
Stone m
Remoayl o
G om
Electicitelina(Qy 0.
[Elacticin Line(Overheadi L ky o .
Electncity Line(Underground) 33k m
Electicity Line(Underaround)o2ky’ m
Electicingline(l Jhos o
[=telenboneline(Querhoad) . .
“Telephone Line(Underground m
Water Main D>300 m
o
Sewerage, il
[House compensation
=
o
o
‘Commercial o
Commercial .
Commerial Rldinghi) o
Eacion m

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD
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FINAL REPORT

ROAD DEVELOPMENT OF THE CITY OF MAPUTO

JICA STUDY TEAM

Table 195.1 Work Quantities (4)

District 2 Area Roads
ftem Unit Rua dos Imaos Dist. 2 Area
Rua 228212265 | Rua 2275 Xipamanine Rob Rua 2315/2313| Rua 2300/2324] Estancias Roads Total
o
Queia o
Re Base o
Road Lengih(m) m 2,360 2,010 1,190 1310 730] 1,030 500 9,130
7T o ) 1 1 0 ) 20
Camiaeus o 5 a R ) 5 5 i
iclewall o ) R 4 4
Drain m 2 2| 2| 0 2| 2| 0
m 1 1 m 1 2 0
Lol Wil o 14 1 1 1 1 14 1
Heighi(m) oo 0 0 0 00 0 0
Access Road (n0) [ no. 21] 24 10| 13 15
Busho T T r =1 1 2
Bz s o 2] 2000 000
\niersecion oo
A Wk
o 15 7 1 197] 19 449
fom o
Excavalion common cum 3304 2,412 1428 876 1442 500 10,062
cum 0
ClSie om
EllSlope on
‘Slope Profecion sam
(Subiolah ub-toal
emenrWork 0
Aaceus, 0
Queria om 0
EE: O
alon m
2lon Q
phall Sitace Corrs om 0
0 sqm 0
on 1200 2000 12200
bl Binger Cous alon 0
alsom Q
‘Semi Flexible Pavement 5[ sam
Base course (Graded Crushed Sione) 100 sam
Maieral 2od o 16520 1520 1z 190 20 2000 Z
aod o 13890 [RWTY
‘Subbase course (Siablsed) 150 sqm 16,820 15,209 BI85 5100 §.340 2,000 57,74
Concrete Block 0mm) sam 16,820 15.208] 8,185 5.190 8.340 53.74
Compacied Siborad on
bouider om 0
DEST am 0
d) 10d sqm 0
|Sidewal o 0
DEST on 9440 6030 220 230 2190 2120 000 1220
bl odom 9440 6030 570 2930 190 120 000 1250
Concrete Block 0mm) sq.m 0
B (Siablise) 1od o 0
b Sl o 0
(Sub-total}

[Drainage Works 2
eaning and ST o exing anece e ) m
oen D o 0

EQ 2D o 1250 060 200]
BO.3xHO.4 m 1,400 600 2,380
m 0
Toned o 00 00
side dich o 0 620 20
[0 shaped drain )
0.4x04 m
0252028 o
05:07 o 0
05y06 o 0
06x06 m o 0 0
060 o 0
070 o 0
0708 o 1500 1500
07x0.9 m 0
07:10 o 0
07y o 0
0712 o 000 000
07x13 m 0
| = o
"Open Drain (Stone PIching) 0.7 x0.7 m 2.720 1,160 1,000 2.000
‘Open Drain (Stone i 0 m 0
10 o 0
[IYIE) o 0
10x15 m 0
‘Open Drain (Stone Pitching) 1.0x 1.0 m 0
QpenD [ 12:00 o
[ Qnen Do Sione Pichiog i 21 0
‘Open Drain (Stone Pitching) 0.8 X0.6 m
‘Open Drain (Stone Pitching) 1.2 0.6 m
EalbDan02:04 o 0
m o 0]
05X05 m 500 500
05x085 m 0
Zchnl oo 0
oo 0

cﬂnmﬁ Condurt m

Pipe culvert no. 0

e m 0

[ Dap o 14 168 0 126 0

D600 m
D800 m 800 80
o
D100 o
[OuTlet Construction [0
Elockpiching on
[Sodding. am
Excavalion&Fling cum
Box culvert
o
25000500 o
2500x2000 m
300020002 m
S0
IMiscalianious Works -]
Lane Marking m 2.360 2.010 1190 1310 730 1.030 500 9130
Roundabout ) 1 1 0 0 1 1 4
Chatierhar o 0
o 0
Shift of signal(including pedestrian signal) o
) 0
Hoo o 1 2 1
e im0 01 o 5 0l [ET) [ET! 10 50 9]
Boundary Block m
Tree Block m
N
Sieetliohy L
Gabion cum
Vertical Drain m
o
|—Bomaval Kab Sione L
Remoavi Boundary Block m
Grass sam
IRelovation ot Ly
Electricity Line(Overhead)33k m 0 0 0 0 [ 0 0
Elecricity rhead)22ky m 0 0 0 0 0 0 0
Eleciicin a1y o
| Elecricing ine(Underoroin o 0 I 0 0 0 0
Elecrricity Line(Underaround)22kv m 0 0 0 0 0 0 0
Elecricity Line Tk m [ o 0 0 0 0 0
Teleohone Line(Qvernead o I

|__Teleghoneline o 0 0 Q Q) 0 H Q
Waer Main D>300 m 0 0 0 0 0 0! 0
Water Main D<300 m 2.360 1.780 890 0 0 0 0 5.030

eweiane o 0

(Sub-otal)

[Flouse compensation [0

™ 0

o 0

Residencalbio o Q

Commercial Building(small o 0
C )
I o
Eaciony o

ORIENTAL CONSULTANTS CO., LTD
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FINAL REPORT

ROAD DEVELOPMENT OF THE CITY OF MAPUTO

JICA STUDY TEAM

Table 19.5.1 Work Quantities (5)

Traffic
District 3 Area Roads Public Transportation
Bus termnal
ttem nit Av. Milagre [ Av. da Mahan. Dist. 3Area | Busterminal | V.Lenine/ | Bus Terminal | Improve of
Rua da Goa | Rua da Lixera Mbote galene  |Ruaidemaio| Rua3306 | Rua3s23 | Rua3sre | RoadsToal | Portarea JNyerere Total Intersection
o
Queriay, fiil
Re Ba o
Road Lengi(m) m 78 79 Load teeol  wsool  mdsod
Road Width, o 1 1 1 1 14 14 14
Auia0eus o 5 5 5 5 5 5 5
idewalk m 3] 4 A A
Drain m 1 1 1 2 2 2 2| of
o0 1
o 1 1 1 1 14 14 V1 V1
Height(m) 0o 0 0 0 0 0 0 0 0
Access Road (n0) [ no 2] 2 1 19 27 15 19 42 0
Bk T WY 7\ Z
Exiia bus bay il 4.40 S00)
Iniersecion o
0
auh Work:
P 120 18] 455 50 2850 151 1550 2550 YET 15
P
"Excavation common cum 780 750 Tosq 2232 2.100] ZE| 70 1610 10.020] 0l g @
Removalof cum o] g
LSlone, SO
Eil Sioe o
Slope Protection sa.m
(Sub-loial 0
avement \Works
alia0euD) o]
ol o Z
| sqm o] 9600 2650 12.254) g
d SO Il
o
caur o
0l sgm o] [J
SO Il
e oy
o of
‘Semi Flexible Pavement 5[ sqm 2897 1260 2151 0,205
Base course (Graded Crushed Stone) 100 sqm [J
(Siehlsed Fosing Vol ol 252 20 1 = 21 TR = 5o 3
sl
‘Subbase course (Stabilised) 150 sgm 4,84 4,90 21,96 18,66 12,14 0} 5912 5.912] 6.86¢
Concrete Block sa.m 4,84 4,90 17,561 16,16 12,14 0] 0l
I | T 1
boulder Lo 1 1 ol
DBST Som
(Stabilised) 10q sa.m 440d  2.500] 6,900}
|Sideualc sam Q)
DBEST Lsom 1l 113 970 S.580) £5.000) 030 000 4.600) 2 169 16.9.
(Siahilised) 100 som 11 118 9 5520 6000} 080} 2000} 4600} 5 5 160: 1602
Concrete Block sqm 9] 1,061
(Stabilised), 1 SO Il 1.0
[Kerb Sione o al 389 9 1
Sibtota)
e Works o] g
ICleaning and fiushing of exisiing drainege pige, o Il
en Dz o
BQ2xHD o 1
BO3XHO4 m 750 701 351 351 T.000[ ol ol
m [J [J
g m
Side giich o ol 240 230 A
[Oshaped drain ) 0] 0 0
04x0.4 m o] 0 0
04500 o
0505 o
0 06 m
0606 m
060 o
0 I fiil 0 1.0
0 0 m
070 m 61 61
07 o
) 1 fiil 120
077 o 3
07x13 m 61
T — . —
Open Drain (Stone PRching) 0.7 X 0.7 m T 50! 750 80
‘Open Drain (Stone Pitching) 0.8 x0.8 m
1010 o =
10x]1 fiil
10x15 m
‘Open Drain (Stone Pitching) 10X 1 m
Qoen Dain(Sione Piching) ] o
[ Qoen Diain(Sione Piiching) 1 o
‘Open Drain (Stone Pitching) 0 m 0
Open Drain (Stone Pitching) 1 m
EamiDain0 o
m o
05x05 m
05%085 m
ICaichor oo i Y
o g
CoHecnné ‘Condut m 0
Pipe culvert no. 0
e = ==
Dun o iz T2 67 13 g
D0 m Tl I % | S,
D60 m
il 1
D100 o o] g
STEED)
Eiute(construcnon 0
BlockPiching P
Soddng o
Excavation&riing cum
Box culvert
o
o
250062000 m
300020002 m
LSub.total)
ork: 0 0l
Lone v m §7 | oo T = = | T TS =
Roundabout o 1 1
Chailerba o [ 0] 829
}—signalincuding pedestiansional 0 Q 1
Shift of signal(including pedestrian signal) o 0
o o
Hop o T T 1 2 4 ] 1] 1]] 0] [
e e = 2 3 I pIm = =1 =1 o ol
‘Boundary Block m
Tree Block m
T el [J
jght L
Gabion cum
Vertical Drain m
P 0
|—Rawaual ke Slone L
‘Remoavl Boundary BIock m
Grass sqm
0
0
Electriciy Line(Ovemead/3sky m 0 0 0 0 0
Electicity Line(Overhead)22ky m [ 0 [ 0 )
Llecticingline(Querboad)] 1y o 0
[ —Elecuidn netlinderaiound ik 0 0 Q Q 0
Electricity Line(Underground)22ky” m 0 0) 0 0
Electriity Line(. 11k m 0| 0 0 0
Jeleohone Line(Querhead) 0.
[Teieohone Linetling 0 Q
Water Main D>300 m 0)
Water Main D<300 m 0 T ﬁ o]
eweiage o 1
SEED)
E use compensation
o
o
|—Residenceio) L
‘Commercial Buldna(small} o 0
Commercial o q
o
Eacion o
(Sub-total)

ORIENTAL CONSULTANTS CO., LTD
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FINAL REPORT

ROAD DEVELOPMENT OF THE CITY OF MAPUTO

JICA STUDY TEAM

Table 19.6.1 Construction Cost (1)

industrial/Commercial
Missing Link Julius Nyerer [Trunk Roads Area Roads Port Area Roads District 1 Area Roads
fem nit | nit Price Onine offtine | Unit Price | Trunk Roads | Trunk Roads [iC Area Roaddiic Area Roads| Portarea | Portarea | Dist1area | Dist 1area
Onine Amount offLine Amount Total Amount Total Amount__| Roads Total_J Roads Amount| Roads Total | Roads Amount
Oueria o
Base o
Road | engihy o 9 B510 290 12804
Road\Widh o 1520 1220 D
Carianewn o
Sidewalk m
Do o
Ll o
Toial Width(m) o 12 20
ight(m) no
Acess Boad (00 ol oo
Busha ad oo
Exi2 s ha 124
Intersection o
Al Work
m 0,00 d] 2] a
Cut cum 1.96] 220,00 431 33% 82,001
Excazionconmon o 0l T | 1 220 220
o ol 000! an 2l 0 406]
CuiSioe om 0
Fill Slope sam 21] 10
e Poiecion om J 220
Subiotal] 1857170 sub-total O sub-total A371] _sub-toal 0]
[Pavement Wor
arriagewa,
e z 7 m W ——|
Dl om 0 1600 40 258 40 0 0 é 262 64
om 1900 df 6 500) 693 50
D sam o] d of o 0 of o]
oo Cors om XL 10 d] 0
alon 0l EEvT) 1200 ETTYS 0 0 0of 41570
am 1454 X | 10030 a780) 9g 564l 1454 801 40710 59 960 A71 66
phalt Binder Course D[ sam 9] ] 0| 0 of 0]
om 0] 0 0
S Elexile Paveren alon 0
aded Coushed Sione) om 0 0
(Stabilised Existing Material) 10d sam 128 64¢ 0 10,61 46,281} 18,20
= o qé [T T T 290
wbbce couse (Sahiiced) ad o s 0 0 2001 ca25 1520 1170
Concrele Blogk om R 2700 0 0 ETYT: BTN 1520 227 60
Compacted sam 113 36,360 6137 69.177]
Fmir« L r 0l 0
DBST o = | 920 1438 53.90; 3 gl Q 25 14
hiised) a0dsom d 4 al 0 T
Sicewalk sqm o] o] 2 0 of 9]
[ DesT o El Q 2220
Lo od o 4 1400 6l 44,49 1939 234) 0
am 1 d 1 15 863 80 99 20
(Stabilised) 10d sam o] 4.39) 58,05( 257,02 0 7.668 34.302) 53,28 23230
0 Sione o 1 0 a
'SUb-total 109828 _sub-total 3.521,449 _sub-total 820,561 34717%
[Drainage Works
[Cleaning and flushing of existing drainege pipe m 3.00 A(ﬂ 12.227] 13.003] 39.279) 4683 14,05 18451 55,371
Ren DD o 0] 0 0
BO3xHD o 6195 o] 0 0
BO3yH4 o 66 1 6965 5 65 B4, 6105 o 0 0
m 9] of o 0 of o]
Dane o 1 J] 0 0
gy e 5 = = n n 5 ==
m ! af 0 0
04x04 m o] of 0 of o]
045207 o 100 0] 0 0
05300 o 21139 ol 0 0
0506 m 157640 af Q 0 94 58
06x0.6 m o] 164.61] d o] 0| 0 of 9]
0630 o o) 15071 o] 0 0
0730 o 1578) ol 0 0
0708 o 2041 o] 0 0
07x0.9 m o] 22061 o] 0| 0 of 0]
0710 o 00 J] 0
07301 o 00 0] 0
071 o 00 o] 0
07x13 m 0] 0.00) o] 0 of 0]
T E— i BN | a2
‘Open Drain (Stone Pitching) 0.7 X 0.7 m o] 665 q o] 0 0 o 0]
‘Open Drain (Stone Pitching) 0.8 x0. m o] 76.42) o] 0 dl 0]
1010 o 000 J] 0
10x] o 200l 2l Q
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Table 19.6.1 Construction Cost (2)
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19.7 HOUSE / BUILDING COMPENSATION COST, UTILITIES RELOCATION
COST AND OTHER COSTS

The project cost consists other costs shown below.

1) House/ building compensation cost

House / building compensation cost was estimated based on the unit cost obtained through
environmental survey shown in the Chapter 16. The house / building compensation cost for
each building is 1,500 US$ in Digtrict 2, 1,700US$ in Digtrict 3, 2,000US$ on the existing
dignment of Av. dulius Nyerere.

The estimated compensation costs for project roads are as shown in the Table 19.7.1.

Table 19.7.1 House / Building Compensation Cost

House compensation cost(USD)
T | P | wetam [

9. Rehabilitation of District 2 Area Roads 324,000 79,500
9.1 Rua 2282/2265 6 8,10,14 147,000 25,500
9.2 Rua 2275 6 8,10,12,14 123,000 34,500
9.3 Rua de Xipamanine(2291) 6 10,12 24,000 3,000
9.4 Rua dos Imaos Roby(2289) 12m (street type) | 12m (street type) 0 0
9.5 Rua 2315/2313 6 10,14 18,000 7,500
9.6 Rua 2309/2324 6 14 12,000 9,000
9.7 Av. das Estancias(2000) 12m (street type) | 12m (street type) 0 0

10. Rehabilitation of District 3 Area Roads 319,600 57,800
10.1 Rua da Goa(3027) 5 10 13,600 1,700
10.2 Rua da Lixera(3030) 7 10 39,100 0
10.3 Av. Milagre Mbote(3001) 8 8,10 107,100 5,100
10.4 Av. da Malhangalene(3259) 6 8,10,12 119,000 22,100
10.5 Rua 1 de Maio(3374) 6 8 40,800 28,900
10.6 Rua 3306 14 14 0 0
10.7 Rua 3523 14 14 0 0
10.8 Rua 3576 14 14 0 0

Construction of Missing Link on Av. Julius Nyerere(On Line) 502,000

Construction of Missing Link on Av. Julius Nyerere(Off Line) 528,000

Construction of Bus Terminal(Combatentes) 138,000

2) Utilitiesrelocation cost

Utilities relocation cost was estimated based on the unit cost obtained through hearing to local
contractors.
The estimated relocation costs for project roads are as shown in the Table 19.7.2.
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Table 19.7.2 Utilities Relocation Cost

J.N JN
Unit price
(USD/m)|_On-line Off-line Trunk Indus/Commer Port Dist.1 Dist.2 Dist.3
Length(m)  Cost(USD) | Length(m) Cost(USD) | Length(m) Cost(USD) | Length(m) Cost(USD) | Length(m) Cost(USD) | Length(m) Cost(USD) | Length(m) Cost(USD) | Length(m)  Cost(USD)
Electricity Line(Overhead)33kv 20 0] 0 0 0 0 0 0 0 0 0 0
Electricity Line(Overhead)22kv 11 0 0] 0 0 0 0 0 0 0 0 0
Electricity Line(Overhead)11kv. 10 1.200 12,000 2.600 26,000 3.100 31.000 0 0 0 0 0 0 2,150 21,500 2,180 21,800
| Electricity | ine(Underground)33ky 28 0 0 0 0 0 0 0 0 0 0 0
| Electricity |ine(Underground)22ky. 28 o) 0 3.100 86.800 0 0 0 0 0 0 0 0|
Electricity Line(Underaround)11kv 15 0 0 0 0 0 0 0 0 0 0 0
Telephone Line(Overhead) 9 0 1,800 15,840 0 0 0 0 0 0 0 2.540 22.352 2.190 19,272
Telephone Line(Underground) 36 0] 0 0 0 0 0 0 0 0 0 [0)
|Water Main D>300 150 0] 0 0 0 0 0 0 0 0 0 [0]
|Water Main D<300 75 0 0 0 0 0 0 0 0 0 5,030 377,250 1,230 92,250
Total (USD) 12,000 41,840 117,800 0 0 0 421,102 133,322
G.Popular 1,300 13,000
M.Ngouabi 1.800 18.000
Total 3,100 31,000
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3) Other costs

- Enginesring cost
- Contingency cost

- Adminigtration cost

19.8

: 10% of the construction cost

: 10% of the construction cost consisting 5% of physical and 5% of
price contingencies
Total 1% of the construction cost during preparation and

implementation

SUMMARY OF THE PROJECT COSTS

The project cost including construction cost, compensation cost for houses and buildings,
physical contingency and price contingency as well as the engineering costs etc., is shown in

the Table 19.8.1.

Table 19.8.1 Summary of the Project Costs

Unit:mil.US$
Project Road Grand Total*
Phase Length (km)
C/C H/C
(1) Construction Cost
- Av. J. Nyerere 5.6 5.05| (11.60) 0.53 (0.50)
- Av. V. Lenine 0.13 - 0.00 -
- Av. A. Lusaka 2.8 1.76 - 0.00 -
- Av. Anaola 3.7 2.05 < 0.00 -
- Av. M. Ngouabi 2.6 1.43 - 0.12 .
- Industrial/ Commercial Area 6.0 2.29 - 0.00 -
- Port Area 3.9 1.53 - 0.00 -
- District 1 Roads 8.7 3.61 - 0.00 -
- District 2 Roads 10.2 3.62 - 0.50 -
- District 3 Roads 9.5 4.28 - 0.18 -
- Traffic Management Facilities 2.80 - 0.00 -
- Bus Stops and terminals 0.56 - 0.14 -
Sub Total (a) 29.12 | (35.67) 1.47 (1.44)
(2) Structural Strengthening Cost 0.56 (0.56)
Sub Total (b) 0.56 (0.56)
Total Construction Cost (a)+(b) 29.68 | (36.23) 1.47 (1.44)
(3) Consultant Fee (DD/SV=10% of Construction Cost) 2.91 (3.57)
(4) Contingency for Price Escalation 201 (3.57)
and Physical Change (10% of Construction Cost) ) i
(5) Administration Cost of Mozambique 0.29 (0.36)
Government (1% of Construction Cost) i )
Sub Total (6) =(3) + (4) + (5) 5.82 (7.13) 0.29 (0.36)
Total D) +(2) +(6) 35.50 | (43.36) 1.76 (1.80)

19.9

*: C/C: Construction Cost

H/C: House Compensation including Relocation of Utilities

Exchange Rate 1 US$ = 22,000 Mts =
orlMt= 0.00568

MAINTENANCE COST

125.00 (July 2001),

(

) = Julius Nyerere Plan 4

Road maintenance costs, which are required after completion of the project, are divided into
the routine maintenance and the periodic maintenance.

Annual routine maintenance cost is estimated as 1.5% of the construction cost, periodic
maintenance cost is estimated as 10% of the construction cost, it will be cost 10 years after
opening of the project roads.
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CHAPTER 20: ENVIRONMENTAL IMPACT ASSESSMENT
20.1 GENERAL
20.1.1 Objective of EIA

In road development projects, it is imperative to harmonize the planned work with
environmental issues. In this chapter, the environmental impact assessment (EIA) has been
conducted in respect of the proposed high priority road development programmes, which
constitute the Feasibility Study, that were selected in the Master Plan. The objective of the
ElIA is summarized asfollows

- To identify exiding environmentd Stuationsin the project area

- To edtimate and evauate possible environmenta impacts of the proposed project

- To condder countermeasure to mitigate negative impacts of the project
20.1.2 Environmental Items
Asd scoping” result of the initial environmental examination (1EE), the environmental items
requiring an environmental impact assessment of the project and further surveys have been

selected dready in the Master Plan. These items are reviewed in Table 20.1.1.

Table 20.1.1 Environmental Itemsrequiring EIA and Further Study

Environmental Items Requiring EIA Requiring Further Study
Social Environment Resettlements Economic Activities
Traffic and Public Fecilities
Cultural Property
Natural Environment - Flora and Fauna
Environmental Pollution| Prediction of NO, and CO -—-

Prediction of Noise level and Vibration level

In addition to those items mentioned above, following items will be in consideration for
environmental impact assessment.

-Geomorphology, Geology and Soils -Solid waste

-FHood hazard -Hedlth, Safety and Well being

-Water resources
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20.2 DESCRIPTION OF PROPOSED PROJECT
(1) Objectives of Project

- To link missing link

- To prevent flood hazard

- To function as abasic corridor for future expansion

- To decrease traffic congestion

- To smooth vehide running

- To provide better public transport

(2) Characteristics of Projects

- Type of Project: New construction/ Rehabilitation / Improvement
- Characterigtics of Road: Trunk road / Collector road

(3) Target Year
- 2010
(4) Project Summary
The high priority projects of feasibility study consist of three categories, namely, road

development plan, traffic management plan and public transport plan. The summary of
proposed projectsis shown in Table 20.2.1.
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Table 20.2.1 Summary of Proposed Project

Area Roads

roads

Proposed
. . Length | Width | * . of Type of Terrain Land-use Design
FS Project Project Measures/Component (km) (m) Lanes Road Condition Situation Speed
(km/hr)
1..Construct|on .Of Missing linking of t.he missing link on Av. Julius Nyerere 56 29 2 Street Flat/Rolling |Urban area |60
Link on Av. Julius Nyerere [through construction of two-lane trunk road
2.R i f Av. Jului . . . .
Nyeerztrzratlon of Av. Juluis Restoration of Av. Juluis Nyerere along original route site |3.1 22 2 Street Flat Urban area |60
3.Improvement of Construction of bus bays and improvement of
AV.Vladimir Lenine intersections on AV.Vladimir Lenine 3.2 16 2 Street Flat Urban area 150
4.Rehabilitation and Rehabilitati f i
n ehabilitation of pavement and drainage of AV. Acordos
g Improvement of AV. de Lusaka 2.8 28 4 Street Flat Urban area |60
@ JAcordos de Lusaka and Av.
é Guerra Popular Widening of Av. Guerra Popular from 2 to 4 lane road 0.7 20 4 Street Flat Urban area |50
= |5-Rehabilitation and Rehabilitation of pavement and drainage of AV. Angola |[3.1 20 2 Street Flat Urban area |50
Improvement of AV. Angola
and Rua S. Cabral/Largo de [Rehabilitation of pavement and drainage of Rua S. 0.6 20 5 Street Flat Urban area |40
Deta Cabral/Largo de Deta
o Widening of Av. Marien Gouabi (from Av. Mau Tse Tung
6.Rehabilitation and ~ |to Av. Acordos Lusaka) from 2 to 4 lane road 0.9 20 4 Street Flat Urban area 150
Improvement of AV. Marien R ruct : t and drai  Av. Mari
Ngouabi econstruction of pavement and drainage of Av. Marien
g Gouabi (from Av. Acordos Lusaka to Rue Joao Arbasini) 1.0 20 2 Street Flat Urban area 150
S » 1.Rehab|I|tat|9n of Industrial Rehabilitation of pavement and drainage of arearoads 6.03 12 2 Street Flat Urban area |40
9§ 7 [and Commercial Area Roads 20
= O N .
o X
O ;'s;dh:bllltanon of Port Are Rehabilitation of pavement and drainage of area roads 3.9 ig 2 Street Flat Urban area |30
5 1.Rehabilitation of District 1 |Rehabilitation of pavement and drainage of District 1 area 8.7 12 2 Street Flat/Rollina |Uurban area 140
< Area Roads roads ' 20 g
g ﬁ 2.Rehabilitation of District 2 |[Rehabilitation of pavement and drainage of District 2 area 10.2 s 14 |2 Road Flat Semi-urban |40
T & |Area Roads roads '
gg 3.Rehabilitation of District 3 |Rehabilitation of pavement and drainage of District 3 area 95 s 14 |2 Road/Street |Flat Semi-urban |40

Rehabilitation and Improvement of
Traffic Management Facilities

Construction of right-turn lanes and signals (14
intersections) and control of on street parking in
intersection areas

Rehabilitation and Improvement of
Bus Stops and Terminals

To Provide suitable location and size of bus bays (22 bus
bays) and one terminal and to equip required function on
to the bus terminal
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20.3 SITE CONDITIONS

Table 20.3.1 summarizes the socia-economic, physical and natural aspects of the
environment and the present condition of public nuisance along the priority roads. Site
condition is, in generd, asfollows

- Decreasing safety margin for flood control due to the accumulated sand and garbage in the
drainage channels

Haphazard expansion of residential areas has caused soil erosion leading to more
accumulation of sand in the drainage channels and the raising-up of the bed of channels
which blocks the smooth flow of water. In addition, solid wastes are thrown into the
drainage channels, lowering flow capacity of the stream and causing the water flow to
sagnate.

- Roadside environment of most roads with rich greenery

Most of areas along the priority roads creates a nice roadside environment with rich
greenery, where roadside trees together with trees in private yards create a green belt.

- Air pollution due to the dust generated by traffic vehicles
Due to roads with an unpaved or damaged surface, dust is flung up as motor vehicles pass by

thus causing deterioration of clean air conditions. This is because sand from flooding has
accumulated on the roads.
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Table 20.3.1 Outline of Environment along the Proposed Roads/Projects

F/S Project

Social and Economical Environment

Physical and Natural
Environment

Public Nuisance

Trunk Roads

1.Congtruction of Missing Link
on Av. Julius Nyerere

More and more houses have been built in the
coadtd plain, and some of dementary school
are dso located here.

Swamps of coagtd plain are located here.
Rich in the greenery of trees.

Heavy dus isflung up when motor vehicles
run on the road where the surface is not

paved.

2.Restoration of Av. Juluis
Nyerere

Many residences are located here.

Rich in the greenery of trees.

The erosion damages are very sgnificant due
to the heavy rain. Av. Juluis Nyerere wre cut.

3.Improvement of AV.Vladimir
Lenine

Many residences aswell as commercia
facilities (market) are located here.

Poor in the greenery of trees.

The traffic volume of thisroad is generdly
heavy, resulting in severe traffic congestion.

4.Rehabilitation and Improvement
of AV. Acordos de Lusskaand
Av. Guerra Popular

Many residences aswell as commercia
fecilities are located here.

Trees arelined dong the road and cultural
property of Estatud’ samora mache”
(Samora machd statue)are located here.

5.Rehabilitation and Improverment
of AV. Angolaand RuaS.
Cabrd/Largo de Deta

Many factories and commercid facilities as
wdl asresidences are located here.

Open drainage cand isingaled dong this
road.

The traffic volume of these roads are
generdly heavy, therefore, it cannot be said
that the current situation of air and sound
environments of the areaare favorable.

6.Rehabilitation and Improvement
of AV. Marien Ngougbi

Many residences aswell as commercia
fecilities are located here.

Many trees are lined along the road.

Heavy dus isflung up when motor vehicles
run on the road where the surface is damaged.

Collector
Roads

1.Rehabilitation of Industrid and
Commercid Area Roads

Many factories and warehouses are located
here. the port isalso located in this area.

Some trees are planted dong roads.

2.Rehabilitation of Port Area
Roads

Many factories and warehouses aswdll as
commercid facilities are located here. Railway
gation isaso located in the area

Treesare lined dong the road and many of
the cultural properties are located in this
area

Surface are badly damaged on these arees,
and accordingly dust is flung up when motor
vehicles pass over the roads. It worsensthe
atmospheric environment of the roadside area.

Residential Area
Roads

1.Rehabilitation of District 1 Areq
Roads

2.Rehahilitation of Digtrict 2 Areq
Roads

3.Rehahilitation of Digtrict 3 Areq
Roads

Many residences are located in these aress.

Trees are planted from place to place long
roads and around houses.

Dueto the surface of roads are badly
damaged aswdl as unpavement, heavy dust is
flung up when motor vehicles run on the
roads.

Rehabilitation and Improvement of Bus
Termina

Many residences and one market are located
here.

The congestion of bus terminal
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20.4 ENVIRONMENTAL IMPACT ESTIMATION AND ASSESSMENT

This section provides the results of the impact assessment and the methodology employed in
identifying and assessing the significance of the various potential impacts. A summary table
indicating the potential impacts and their significance with and without mitigation is
presented in Table 20.4.1. A description of the impacts is provided in Sections 20.4.1 —
20.4.11.

The environmental assessment covers al activities associated with the upgrade and
construction of the proposed project roads, but excludes the sourcing and transport of
base-coarse material from the quarry. For convenience, the project has been broken up into a
number of different components, viz:

-The construction of a new section along Av. Juluis Nyerere, adjacent to the golf course to
intercept Rua4.500 and join Av. De Mozambique at the Praca dos Combaterites.

-Therestoration of Av. Juluis Nyerere dong itsorigind route.

-Widening of the Streets Av. Guerra Popular and Av. Marien Ngouabi to accommodate
two lane-two way traffic.

-Upgrading and widening of roads within the Chamanculo, Xipamanine, Maxaquene,
Minkadjuine, Polana- Canico and Aeroporto sub digtricts.

-Generd Improvements to streets within the centra sub digtricts

-General improvements to the roads in Light industrial areas (e.g. Av de Angola, Av de
Lusaka, Av. De Mozambique).

The assessment included both Short Term impacts incurred directly as a result of
construction activities and Long Term impacts from the general improvements of the target
roads.
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Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT _02') CRITERIA SIGNIFICANCE
ENVIRONMENT D =
& >| &
E > & = & = .§ .5
M EIEIEE IS
2 13131l alSE[SE
20.4.1 Resettlement of Residents

Resettlement of residents | The socia impacts of removal and N H|H|[M H H M

within the Chamanculo, resettlement of residents located

Xipamanine, Aeroporto and |alongside the target roads within these

Maxaqueneresidential districts.

districts due to road

widening

2042 Ajr Pollution

Construction activities Dust generated N M| L | M M M L

Raising speed of vehicle due|Exhaust gas caused by vehicle traffic P M|H| M| M M M/ H

to improvement of roads

Restoration of original JNY |Formation of roadside buffer belt -NO,; 0.015 0.019ppm  0.08 ppm

(WHO 24 hr. Avg.
-CO; 0524 0569 ppm 10 ppm J
(Japan 24 br. Avg]

H = High, M = Medium, L = Light (refer to Appendix 20.1 for definitions for severity, duration, probability and spatial extent)

1) JN = Av. Julius Nyerere
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Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT | & CRITERIA SIGNIFICANCE
ENVIRONMENT @
o
S |o|z|5|25| 28| 8
z [813|lalas|SE| 5%
20.4.3 Noise
Construction activities Noise generated by construction N ML | M M M L
activities and diversion of traffic to
accommodate construction
Improved road conditions  |Noise generated by improved road P I[M/L} H | M M M/L M/H
following construction conditions following construction. DaytimeL,_ ., 60.1 645 65dB
Restoration of JN Formation of roadside buffer belt NighttimeL ., 519 57.4 60dB
(Japanese standard)
20.4.4 Vibration
Construction activities Vibration generated by construction N ML | M M M L
activities and diversion of traffic to
accommodate construction
Improved road conditions  |Vibration generated by improved road P [M/L} H | M M M/L M/H
following construction conditions following construction.
Daytime;LAeq 38.8 47.2 70dB
Restoration of JN Formation of roadside buffer belt Nighttime;L Aeq 333 42.7 65 daB
(Japanese standard)
20.4.5 Geomor phology, Geology and Soils
Construction of New The impact of construction activitieson] N MIM]| M L M M
Section on JN the soils of the low-lying coastal areas
and swampsin the Costa de Sol
District
Restoration of original JIN | The impact on soil erosion P H]JH]|H L M H

Upgrading of target roads
and construction of
stormwater drains

The impact of upgrading and repair of
trunk, collector and area roads which
are currently in existence, on the
underlying geology and soils

Not significant since roads are currently already
existing

Sourcing of road building
material

The impact of quarrying road building
material on geomorphology, geology

and soils

This does not form part of the scope of works.
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stormwater drains

Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT o CRITERIA SIGNIFICANCE
ENVIRONMENT =
7 g
2| |s|Z|8|<8]| &
B lo|® § 5 §§ <8
z |[glalaelslSElSE
120.4.6 Flood Hazard

Construction of New The impact of flood hazard due to P H|H]H H H H

Section on JN and stormwater

restoration of original JN

Upgrading of target roads

and construction of

stormwater drains

20.4.7 Water Resour ces
Construction of New The impact of construction activitiesonf N M| M| M M H M/H
Section on JN. the natural surface water flow and
quality within the Low-lying coastal
areas and Mangroves.
Upgrading of target roads | The impact of stormwater drains on P H|H]H M H H
and construction of surface water quality.

The impact of stormwater drains on
groundwater levels.

No Impact anticipated other than possible slight
lowering of water table due to effective drainage
of surface water

20.4.8

Protected or ecolo

ically sensitive zones

Swamps

Construction of New
Section on JN.

The impact of road constructiononthe | N M LM L H/M M
ecological functioning of the Swamps

in the Costa de Sol District: Direct

impact of construction.

The impact of road constructiononthe | N H| H|M H H M

ecological functioning of the Swamps
in the Costa de Sol District: Indirect
impact of introducing new settlements
to area.
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Ref.| AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT g CRITERIA SIGNIFICANCE
ENVIRONMENT B =
2 5
Ko) 2 ‘5 c c
2 |z|68]|3 53 =
AEEIEIEERS
z |3131lal 81SE|ISE
20.4.9 Urban Environmental Quality
(1) |Aesthetics (Stree The upgrading, The impact of resurfacing and No impact anticipated as trees will not be
trees) improvement of target roads |upgrading target roads on street trees  [removed.
within the Central Districts
The widening of theroads |The impact of road widening on street N MIM]M L M H
Av. GP? and Av MN? trees
2 |Solid Waste Construction activities The impact of solid waste and N M| L|M L M M
hazardous waste generated during
construction on the environment
20.4.10 Social and Cultural Environments
(1) [Socia and cultural [Upgrade of collector roads |Impact on Public Transport P HlL]|H M H
environment:Provi |within the Chamanculo, Impact on waste collection services P HI LI wm M H
sion of services | Xipamanine, Aeroporto and [Tmpact on supply and maintenance of P M|L[M][ M M
and accessto Maxaguene residential services
facilities districts Impact on accessto markets, hospitals,| P H | L | H | M H
schools and other facilities
Construction of New section|Impact on access to markets, hospitals, | P MIL|IM| M M
of JN and restoration of schools and other facilities
original JN
Upgrade of target roads Impact on access to markets, hospitals, | P M]JTH|H M M
within Central District schools and other facilities

2) GP=Av. Guerra Popul ar

3) MN= Av. Marien Ngouabi
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Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT _g CRITERIA SIGNIFICANCE
ENVIRONMENT B -
g &
> )
= = = < =
>z |E|8|F |28 s8
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(2) |Health, Safety and|Upgrade of collector roads |Impact on pedestrian and motorist P H|lH|H M H
Well Being within the Chamanculo, safety
Xipamanine, Aeroporto and |Impact on Residents health by PIH[H]|H] M H
Maxaguene residential improving access to waste collection
districts trucks and provision of effective
drainage.
Widening of. GPand MN  [Impact on pedestrian and motorist P H|H|H L H
safety
Construction activities The impact of construction activitiesony N [M/L| L |M/L| L M/L L
motorist and pedestrian safety.
(3 |Cultural Upgrading, improvement The impact of road reconstruction and |No impact anticipated other than short term

Environment

and resurfacing of roads
within the Central District

repair activities on cultural properties.

inconvenience during construction and long-term
benefits of improved access to these sites
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ENVIRONMENT z
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20.4.11 Economic environment
(1) [Forma commercial|Upgrading of roads within | The short term impacts of construction | N M|L|M L M L
activities the Chamanculo, activities on businesses located along
Xipamanine, Aeroporto and |target roads.
Maxaguene districts The long term impacts on the P H|H]H M H
businesses of improved road surfaces
Upgrading of roads within | The short term impacts of construction| N |M/L] L | M L M/L L
the Central District activities on businesses located along
target roads.
The long term impacts on the P M| H]H M M H
businesses of improved road surfaces
Construction of thenew JN | The impact on improved access to Av PIM|H]|M]| M M
section and restoration of Margina from the Polana-Canico
original JN district
(2) |Marketsand Congtruction of the new JN | Short term impact on the Praca dos N M| LM L M L
informal section, Upgrading of roads |Combaterites market, and markets
commercial within Minkadjuine and located along roads Rua dos Irmaos
activities aeroporto districts Roby and Rua 2.522 (Aeroporto B
Disgtrict)
Long term impact on the Praca dos PIM|H]M|[ M M H
Combaterites market, and markets
located along roads Rua dos Irmaos
Roby and Rua 2.522 (Aeroporto B
District)
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Ref.

AFFECTED
ENVIRONMENT

ACTIVITY

NATURE OF IMPACT/BENEFIT

3)

Informal individual
traders (ie tomatoe,
cashew nut etc
vendors)

Upgrading of roads within

the Chamancul o,

Xipamanine, Aeroporto and

Maxaquene districts

The short term impacts of construction
activities on vendors located along
target roads.

| Negative/positive

CRITERIA SIGNIFICANCE
5
2| % < s
2|58 |3 53 2
5| ® g % g.% 5.%
glalslglSE| SE
M L M L M H

The long term impacts of improved
road surfaces and access on the
businesses.

No significant impact since most of the trade
comes from surrounding residents, although
conditions for selling would be improved by the
addition of a sidewalk.

(4) |Industrial activities{Upgrade of target roads The impact of road upgrades on light P [M/L| H| M L M/L
and heavy industries located along
(5 |Employment Employment of Unskilled | The impact of employment on social P M| L | M M M H
opportunities labour upliftment and increase spending
power
(6) |Maputo economic |Upgrade of all target roads |The impact of road upgrades on generall P Hl{H|H H H
growth according to 2020 plan economic growth in Maputo.
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20.4.1 Resettlement of Residents

The displacement of families living alongside the roads designated for widening, and their
relocation elsewhere is perhaps the most significant negative impact associated with the
project.

The situation in the districts of Chamanculo, Xipamanine, Aeroporto and Maxagquene is of a
different nature but no less severe. Discussions with long-term residents revealed that the
origina road was paved and much wider than is currently the case. The deterioration of the
road due to poor drainage and lack of maintenance had lead to the disintegration of the
surface. The influx of additional families into the area has restricted the amount of available
space and led to houses being established right on the origina road surface. This has
resulted in the width of the road has been narrowed to accommodate only one way traffic in
some places. The upgrading of the roads Rua 2282/2265, Rua 2275, Rua de Xipamanine, Rua
2315/2313, Rua 2309/2324, Rua 1 de Maio, Ave Milagre Mabote and Av de Malhangaene
and as well as Av. Julius Nyerere (Restoration of original route and construction of a new
section) will involve the removal of dwellings at least one property deep along particularly
narrow sections.

Displaced families will have to be compensated according to their congtitutiona rights either
by financial compensation or the provision of a new house of similar or improved standard.
Related studies have revealed a number of pitfalls associated with expropriation and
relocation of resdents:

- Difficulty in identifying a suitable site for relocation which has the same property value,
accessibility to markets, schools, hospitals, places of work, transport routes and water
upply.

- Lack of financid capacity to build an equivaent house in the new place.

- Dissatisfaction among some or all of the residents being relocated with regards to the
location and provison of services.

- Opportunism, with some people selling new houses and returning to the affected area
expecting to benefit a second time around.

Most of the 54 households interviewed indicated that they would prefer to be offered an
dternative house than to receive financia compensation. When asked to list the services
required at a new location, water and dectricity connections and access to medical facilities

and schools received the highest priority.
Residents in houses located in Av. Marien Ngouabi and Av. Guerra Popular indicated that
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they would not be prepared to move unless they could be offered the exact same
accommodation within easy access of ther places of work, schools, medicd facilities etc.

The residents of the two different sectors discussed above, differ on a fundamental level:
Those living in the lower income areas approve of the road improvements even if it meant
relocating, since they anticipated benefiting from improved houses and services, while flat
residents disapprove as they fear losing the position and access to services that they current

enjoy.

Expropriation and forced resettlement of residents to a prescribed location is an extremely
sensitive undertaking which is in danger of infringing on the rights of individuals. All
alternatives to resettlement should be explored in full before such a step is taken. These may
include the redesign of traffic flow or the upgrading of traffic signals and improved policing.
Only if al alternatives fall short of the desired mark and the widening of the road is proved to
be in the best interests of the public at large, should resettlement be resorted to.

Regarding the impact of resettlement on two cases of Plan 4 Route (The restoration of Av.
Juluis Nyerere along it original route) and Master Plan Route (The construction of a new
section along Av. Juluis Nyerere), amount of families displaced are 394 in case of Plan 4
Route and 529 in case of Master Plan Route. The impact of resettlement in case of Plan 4
Route is samdler than onein case of Master Plan Route.
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20.4.2 Air Pallution

(1) Estimation

1) General

Since exhaust gases from traffic vehicles will affect the air quality in residential areas,
concentration of pollutants in the atmosphere has been estimated and assessed.

a) Edtimated pollutants. Nitrogen dioxide (NO,), Carbon monoxide (CO)

b) Target year: the year 2010

¢) Condition of roads assumed for estimation

Table 20.4.2 Condition of Roads Assumed for Estimation

Location| Width | * of | Terrain Deﬂgn Pavement
Name of Roads . Veocity .
*) Lanes | Condition Condition
km/hr
Missing Link on AV. Julius 1 2 5 Flat 60 Asphalt
Nyerere
R&.storatlon of origina AV. 5 2 5 Flat 60 Asphalt
Julius Nyerere
AV .Viadimir Lenine (S) 3 16 2
% — - Flat 50 Agphalt
8 [AV.Viadimir Lenine (N) 4 16 2
T |AV. Acordos de Lusaka 5 28 4 Flat 60 Asphalt
[
£ |Av. Guerra Popular 6 20 4 Flat 50 Asphalt
Av. de Angola (S) 7 20 2
Flat 50 Agphalt
Av. de Angola (N) 8 20 2
Av. Marien Ngouabi (E) 9 20 4 Hlat 50 Agphalt
Av.Marien Ngouabi (W) 10 20 2 Flat 50 Asphdlt
5. Av. Josina le:hd(lndustrld 1 16 5 Flat 0 Asphalt
g g |and Commercial AreaRoad)
S ¢ |Av. Martires de
12 16 2 Flat 30 Asphalt
© Inhaminga(Port Area Road) ¥
«» |AV- Milagre Mabote 13 10 2 Hlat 40 Concrete
®
5 § Av. DaMalhangalene 14 12 2 Flat 40 Concrete
©
# 8 |Av. Kaweme Nkrumah 15 14 2 Flat 40 Asphalt
m S
< (Rua dos Imaos Roby 16 12 2 Flat 40 Asphdlt

CHAPTER 20- 16
ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO

FINAL REPORT JICA STUDY TEAM

d) Location

Location is selected as shown in Figure 20.4.1, allowing for land use of the areas aong the
proposed roads and traffic condition.
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Figure 20.4.1 L ocation Subject to Estimation on Air Pollution, Noise and Vibration
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2) M ethod of Estimation

The annual mean concentration of air pollutants caused by vehicle exhaust gases were
estimated, using a diffusion equation, with the assumed height being as at 1.0 meter above the
ground &t the roadside. The calculation procedures are shown in Appendix 20.2.

a) Forecast formula

A plume model equation was employed for windy conditions (in case where the wind
velocity exceeded 1 m/s), and a puff model equation was used for less windy conditions (in
case where the wind velocity isbelow 1 nv/s).

b) Determination of diffusion with

The diffusion width used for the calculation was determined in consideration of the stirring
and mixing effects near to the road caused by passing motor vehicles, referring to Pasquill,
Gifford and Turner’s parameters.

¢) Wind veocity

Wind velocity at the height of the exhaust source was estimated by the following equation
using the wind velocity data obtained from westher observation records:

u=u

&eH QP
0 H 5 !
where:
U: Edimated wind velocity (nvs) a height H (m)
Uo:Wind velocity (nVs) at the reference height Hy (m)

P. Exponent (0.333 for urban area was used)
d) Background concentration
A survey of concentration of pollutants was carried out at two points at Maputo city where
the effect of exhaust gases from motor vehicles is considered to few. The measurement data

were used as the background concentration vaues for the target year:

NO2: 0.009 ppm, CO: 0.5 ppm (Note; ppm = parts per million, mi/n?)

CHAPTER 20- 18
ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT JICA STUDY TEAM

e) Traffic condition (see Appendix 20.2)

- Future hourly traffic volume of vehicle type for each cross section

- Average driving speed

Design speed of each road was employed as mean driving speed (Table 20.4.2).

- Coefficients of exhaust gases
Coefficients of exhaust gases indicated by the Ministry of Construction of Japan in 1983
were used.

f) Meteorologica condition (see Appendix 20.2)

The hourly wind direction and velocity throughout the year based on the data observed in the
year 2000 at Maputo city was used in the forecast of concentration of pollutants.

3) Result of Estimation

Table 20.4.3, 20.4.4 show the estimated concentration of NO, at 1.0 meter above the road
ground and Table 20.4.5, 20.4.6 show the estimated concentration of CO.
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Table 20.4.3 Estimated Concentration of NO, (daily mean, Plan 4 Route)

. NO, Concentration (ppm)
Location
Name of Roads 1 Contributory Background Daily Mean
Concentration | Concentration y
Re;toratlon of orginal AV. > 0.0094 0.0184
Julius Nyerere
AV .Viadimir Lenine (S 3 0.0084 0.0174
ﬁ AV.Vladimir Lenine (N) 4 0.0081 0.0171
& |AV. Acordos de Lusaka 5 0.0082 0.0172
é Av. Guerra Popular 6 0.0100 0.0190
& |Av. de Angola(S) 7 0.0098 0.0188
Av. de Angola (N) 8 0.0065 0.0155
Av. Marien Ngouabi (E) 9 0.0069 0.0090 0.0159
Av.Marien Ngouabi (W) 10 0.0069 0.0159
. Av. Josina Michel(Industrial
% 3 |and Commercial Area Road) 11 0.0080 0.0170
S @ |Av. Martires de
© Inhaminga(Port Area Road) 12 0.0077 0.0167
s % Av. Milagre Mabote 13 0.0071 0.0161
5 £ [Av. DaMalhangalene 14 0.0063 0.0153
-g g |Av. Kaweme Nkrumah 15 0.0058 0.0148
<€ |Rua dos | maos Roby . .
o Ruados| Rob 16 0.0069 0.0159

Table 20.4.4 Estimated Concentration of NO, (daily mean, Master Plan Route)

L ocation NO, Concentration (ppm)
Name of Roads 1 Contributory Background Daily Mean
Concentration | Concentration
Missing Link on AV. Julius 1 0.0075 0.0165
Nyerere
AV.Vladimir Lenine (S) 3 0.0084 0.0174
% AV Viadimir Lenine (N) 4 0.0081 0.0171
& |AV. Acordosde Lusaka 5 0.0082 0.0172
é Av. Guerra Popular 6 0.0100 0.0190
= |Av.deAngola(S) 7 0.0098 0.0188
Av. de Angola (N) 8 0.0065 0.0155
Av. Marien Ngouabi (E) 9 0.0069 0.0090 0.0159
Av.Marien Ngouabi (W) 10 0.0069 0.0159
= Av. Josina Michel(Industrial
% § and Commercial Area Road) 1 0.0080 0.0170
35 Av. Martires de
8~ Inhaminga(Port Area Road) 12 0.0077 0.0167
= & |[Av. Milagre Mabote 13 0.0071 0.0161
|5 g Av. Da Mahangalene 14 0.0063 0.0153
@ § [Av. Kaweme Nkrumah 15 0.0058 0.0148
X < |Rua dos Imaos Roby 16 0.0069 0.0159

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD

CHAPTER 20 - 20



FINAL REPORT

ROAD DEVELOPMENT OF THE CITY OF MAPUTO

JICA STUDY TEAM

Table 20.4.5 Estimated Concentration of CO (daily mean, Plan 4 Route)

. CO Concentration (ppm)
L ocation
Name of Roads 1 Contributory Background |
Concentration | Concentration Daily Mean
Re§torat|on of orginal AV. 5 0.0531 05531
Julius Nyerere
AV .Vladimir Lenine (S) 3 0.0478 0.5478
8 [AV.Viadimir Lenine (N) 4 0.0383 0.5383
& [|AV. Acordos de Lusaka 5 0.0331 0.5331
§ Av. Guerra Popular 6 0.0694 0.5694
= |Av. de Angola(S) 7 0.0634 0.5634
Av. de Angola (N) 8 0.0236 0.5236
Av. Marien Ngouabi (E) 9 0.0320 0.5000 0.5320
Av.Marien Ngouabi (W) 10 0.0287 0.5287
= Av. Josina Michel (Industrial
% é and Commercial Area Road) 1 0.0387 0.5387
S ¢ |Av. Martires de
S I nhaminga(Port Area Road) 12 0.0439 0-5439
= 4 |Av. Milagre Mabote 13 0.0412 0.5412
|5 E Av. Da Malhangalene 14 0.0320 0.5320
7 § |Av. Kaweme Nkrumah 15 0.0295 0.5295
@ < |Ruados Imaos Roby 16 0.0415 0.5415

Table 20.4.6 Estimated Concentration of CO (daily mean, Master Plan Route)

L , CO Concentration (ppm)
ocation
Name of Roads 1 Contributory Background Daily Mean
Concentration | Concentration
Missing Link on AV. Julius 1 0.0313 0.5313
Nyerere
AV.Vladimir Lenine (S) 3 0.0478 0.5478
B |AV.Viadimir Lenine (N) 4 0.0383 0.5383
& |AV. Acordos de Lusaka 5 0.0331 0.5331
é Av. Guerra Popular 6 0.0694 0.5694
= [JAv. de Angola(S) 7 0.0634 0.5634
Av. de Angola (N) 8 0.0236 0.5236
Av. Marien Ngouabi (E) 9 0.0320 0.5000 0.5320
Av.Marien Ngouabi (W) 10 0.0287 0.5287
= Av. Josina Michel(Industrial
% § and Commercial Area Road) 1 0.0387 0.5387
35 Av. Martires de
8~ I nhaminga(Port Area Road) 12 0.0439 0.5439
= & |Av. Milagre Mabote 13 0.0412 0.5412
|5 g Av. Da Mahangalene 14 0.0320 0.5320
7 § |Av. Kaweme Nkrumah 15 0.0295 0.5295
@ < |Ruados Imaos Roby 16 0.0415 0.5415
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(2) Assessment

1) Environmental Target

As Mozambique has not established own environmental quality standards on air pollution,
the standards of WHO and developed country will be adopted. With regard to nitrogen
dioxide, the environmental quality standards specified by WHO have been adopted as the
environmental preservation targets in this study. For carbon monoxide, the Japanese
environmental quality standards were used instead of WHO's, because the daily mean is not
gpecified in the WHO standards. There are shown below.

Table20.4.7 Environmental Preservation Target for Air Pollution

Pollutant Target

Nitrogen dioxide (NO,) |Daily mean of hourly concentration shall be less than 0.08 ppm

Carbon monoxide (CO) |Daily mean of hourly concentration shall be less than 10 ppm

2) Result of Assessment

The estimated concentration of NO- at al locations in two cases which are Plan 4 Route and
Master Plan Route is less than 0.08 ppm, and CO at al locations in the two cases is less than
10 ppm. Comparing the estimated amounts with the environmental preservation target, it is
revealed that they would meet the targets. Accordingly, the possible impacts of the exhaust
gases from traffic vehides would be minimal.

Regarding the two cases of Plan 4 Route and Master Plan Route, as the difference of
forecasted traffic volumes in the future are very few, The estimated concentration of NO, and
CO at dl locations between the two cases are the same.
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20.4.3 Noise
(1) Estimation
1) Method of Estimation (see Appendix 20.3)
Road traffic noise was estimated at 1.2 meters above the ground next to houses of roadside.
Estimation was made within each time zone of daytime (06:00 22:00) and nighttime (22:00
06:00).
- Edtimation equation
An estimation eguation proposed by the Japan Acoustics Society was utilized in estimation
the road traffic noise,
- Traffic condition
The hourly traffic volume, and mean vehicle speed used in the estimation are the same as
those that were predetermined for estimating of the air pollution.
2) Results of Edtimation

Table 20.4.8, 20.4.9 show the estimated road traffic noise for buildings aong the roadside.

Table 20.4.8 Estimated Road Traffic Noise (Plan 4 Route)

L ocation Estimated Noise L evel Leq (dB)
Name of Roads 1 ) o
Daytime(06:00 22:00) | Nighttime(22:00 06:00)
R&storanon of origina AV. > 63.9 55.4
Julius Nyerere
" AV.Vladimir Lenine (S) 3 64.2 57.1
® |AV.Vladimir Lenine (N) 4 63.8 55.8
& [AV.AcordosdeLusaka 5 63.4 55.6
< |Av. Guerra Popular 6 64.5 57.4
E Av. de Angola (S) 7 64.2 56.3
Av. de Angola (N) 8 61.5 53.6
Av. Marien Ngouabi (E) 9 63.6 55.2
Av.Marien Ngouabi (W) 10 62.2 54.0
= Av. Josina Michel(Industrial
% é and Commercia Area Road) 1 628 >4.1
35 Av. Martires de
8 * Inhaminga(Port Area Road) 12 62.4 53.9
T g |Av. Milagre Mabote 13 61.8 53.8
é & |Av. Da Malhangalene 14 60.8 52.1
a 8} Av. Kaweme Nkrumah 15 60.1 51.9
X < |Ruados |maos Roby 16 62.3 53.7
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Table 20.4.9 Estimated Road Traffic Noise (Master Plan Route)

L ocation Estimated Noise L evel Leq (dB)
Name of Roads A - : -
Daytime(06:00 22:00) | Nighttime(22:00 06:00)
Missing Link on AV. Julius 1 63.0 545
Nyerere
" AV Viadimir Lenine (S) 3 64.2 57.1
'§ AV.VIadimir Lenine (N) 4 63.8 55.8
@ [JAV.Acordosdel usaka 5 63.4 55.6
= |Av. Guerra Popular 6 64.5 57.4
Z |Av.deAngoa(9) 7 64.2 56.3
Av. de Angola (N) 8 61.5 53.6
Av. Marien Ngouahi (E) 9 63.6 55.2
Av.Marien Ngouabi (W) 10 62.2 54.0
= Av. Josina Michel(Industrial
% % and Commercial AErea Road) 1 628 °4-1
5 Av. Martiresde
S - Inhaminga(Port Area Road) 12 62.4 53.9
T § Av. Milagre Mabote 13 61.8 53.8
é & IAv. Da Mahangaene 14 60.8 52.1
T @ Av. Kaweme Nkrumah 15 60.1 51.9
X < JRua dos Imaos Roby 16 62.3 53.7
(2) Assessment

1) Environmenta Preservation Target

Environmental quality gandards and regulation standards on noise have been established in
developed countries including Japan, the United States and European nations. Referring to
the environmental quality standards in Japan and in consideration of the present acoustic
condition in Maputo, the environmental preservation target on noise have been determined as
below.

Table 20.4.10 Environmental Preservation Target on Road Traffic Noise

Unit: dB
Area Classification (06:00 22:00) Nighttime(22:00 06:00)
Areafacing aroad with L ess than 65 L ess than 60
two or more lanes
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2) Reaults of Assessment

The traffic noise at all locations in two cases which are Plan 4 Route and Master Plan Route
was estimated to be less than 65 dB during the daytime and less than 58 dB during the
nighttime. Therefore, It is revealed that they would meet the targets and the possible impacts
of the traffic noise to the resdents aong the priority roads would be minimdl.

As the difference of forecasted traffic volumes in the future are very few between the two
cases, the edimated traffic noise a al locations between the two cases are the same.

20.4.4 Vibration
(1) Estimation
1) Method of Estimation (see Appendix 20.4)

Road traffic vibration was estimated at the ground level next to houses of roadside.
Estimation was made at a specific hour when the vibration level reaches to the maximum
within each time zone of daytime (06:00 22:00) and nighttime (22:00 06:00).

- Edtimation equation

An estimation equation proposed by the Public Works Research Institute of the Ministry of
Land, Infrastructure and Transport of Japan was utilized in estimation the road traffic
vibration.

- Treffic condition

The hourly traffic volume, and mean vehicle speed used in the estimation are the same as
those that were predetermined for estimating of noise.

2) Results of Edtimation

Table 20.4.11, 20.4.12 show the estimated results of road traffic vibration for buildings along
the roadside.
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Table 20.4.11 Estimated Road Traffic Vibration (Plan 4 Route)

Name of Road Location Estimated Vibration Level L,, (dB)
1 Daytime 6:00 22:00 Nighttime 22:00 6:00

Restorgtlon of original 5 43.9 40.7
Av. Julius Nyerere

Av.Vladimir Lenine (S) 3 43.6 41.1
Av.Viadimir Lenine (N) 4 43.2 40.7
Av. Acordos de Lusaka 5 42.8 40.9
Av. Guerra Popular 6 43.9 41.7
Av. de Angola (S) 7 43.9 42.3
Av. de Angola (N) 8 40.6 38.5
Av. Marien Ngouabi (E) 9 40.3 35.3
Av.Marien Ngouabi (W) 10 41.1 38.5
Av. Josina Michel 11 42.7 38.9
Av. Martires de 12 47.2 425
Inhaminga

Av.Milagre Mabote 13 45.4 42.7
Av. Da Mahangalene 14 44.3 40.4
Av. Kwame Nkrumah 15 38.8 33.3
Rua dos Imaos Roby 16 40.6 37.6

Table 20.4.12 Estimated Road Traffic Vibration (Master Plan Route)

Location Estimated Vibration Level L ;, (dB)
Name of Road
1 Daytime 6:00 22:00 Nighttime 22:00 6:00

MI§5I ng Link on Av. 1 42.9 385
Julius Nyerere

Av.Vladimir Lenine (S) 3 43.6 41.1
Av.Vladimir Lenine (N) 4 43.2 40.7
Av. Acordos de Lusaka 5 42.8 40.9
Av. Guerra Popular 6 43.9 41.7
Av. de Angola (S) 7 43.9 42.3
Av. de Angola (N) 8 40.6 38.5
Av. Marien Ngouabi (E) 9 40.3 35.3
Av.Marien Ngouabi (W) 10 41.1 38.5
Av. Josina Michel 11 42.7 38.9
Av. Martires de 12 47.2 425
Inhaminga

Av.Milagre Mabote 13 45.4 42.7
Av. Da Mahangalene 14 44.3 40.4
Av. Kwame Nkrumah 15 38.8 33.3
Rua dos I maos Roby 16 40.6 37.6
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(2) Assessment

1) Environmenta Preservation Target

The environmental preservation target of the road traffic vibration were determined in
reference to the road traffic vibration limit based on the Japanes€ Vibration Regulation Law”

asfollows

Table 20.4.13 Environmental Preservation Target on Road Traffic Vibration
Unit: dB

Area Classification (06:00 22:00) Nighttime(22:00 06:00)

Residentia area Lessthan 70 Less than 65

2) Results of Assessment

Since the estimated road traffic vibration for buildings at al locations in two cases which are
Plan 4 Route and Master Plan Route was less than 48 dB both at daytime and at nighttime,
this meets the environmental Preservation Target and, as such the impact of the traffic
vibration to the residents along the proposed roads will be minimal. As the difference of
forecasted traffic volumes in the future are very few between the two cases, the estimated
road traffic vibration at dl locations between the two cases are the same.

20.4.5 Geomorphology, Geology and Soils

Since the bulk of the project is comprised of repairing and upgrading of existing roads — most
of which are currently or have at some stage been paved - the impact on the underlying
geology and soils will be limited. The exception to this is the proposed new alignment of
Julius Nyerere across the open plain below the Polana-Canica quarter, where the negative
impact on the topsoil and subsoil’s directly affected by construction is likely to be significant.
It is unlikely that the morphology of the site will be significantly affected as the dope will
remain the same.

The construction of a storm water drainage system associated with each of the roads, as well
as paving of the sidewalks will have a significant positive impact on the soils as it will reduce
the likelihood of surface runoff and hence soil erosion.
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The base coarse material required for reconstruction and upgrading of existing roads and
construction of new alignments will likely be sourced at an existing hard rock quarry located
some 50km inland of Maputo. Since the scope of this study did not extend to the sourcing of
materid, the impacts of this activity have not been assessed.

20.4.6 Flood Hazard

As a storm water drainage system associated with each of the roads will be constructed, a
sgnificant pogtive impact on reducing flood hazard would be anticipated.

20.4.7 Water Resources

The provision of an effective drainage system for the Maputo Municipal area is recognised as
one of the most significant challenges facing the city. The condition of many of the roads
currently earmarked for repair or upgrading is largely due to insufficient drainage during wet
conditions.

Storm water drainage channels have been incorporated into the design of al of the routes
earmarked for repair and upgrading, allowing for effective drainage of runoff from the paved
surface away from the adjacent properties. The paving of the roads will minimise the risk of
erosion and transport of sediments into the drains and thereby reduce the risk of drain
gitation. This system is however at risk of further collapse if maintenance is neglected and
the drains alowed to become silted or blocked with foreign materia, such as solid waste.

It is likely that the construction of the new Julius Nyerere alignment in the low-lying areas to
the east of the Polana-Canico B quarter will have a negative impact on surface water
movement of the southern extremity of the mangrove swamps. The impacts of development
within this ecologicaly sengtive zone are discussed in detall in the following section.

The surface water quality may be affected by pollutants deposited on the surface of the
pavement and washed off by the first intense rain following a dy period. The levels of
pollutants are however not likely to be significant as the storm water from the roads will be
diluted by genera runoff from the area.

Groundwater is unlikely to be significantly affected by the proposed project, other than the
possible lowing of the groundwater levels due to the effective drainage of surface water.

CHAPTER 20- 28
ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT JICA STUDY TEAM

20.4.8 Protected or Ecologically Sensitive Zones

The majority of the roads targeted for improvement lie within the urban built-up environment
which has been significantly atered from its origina natural condition. The new section of
congtruction of Av. Julius Nyerere liethe coastal plain.

The coastal plain, described above under Chapter 16 has been significantly impacted by
existing developments such as the coastal road and the housing developments which have
taken place on the primary dunes and on sections of the Mangrove swamps which have
undergone reclamation. Vast tracts of mangrove forests have been cut level with the surface,
and although there is evidence of regrowth, it is likely to take many decades of sound
environmental management and protection before the forests re-establish completely. Even if
such protection measures are possible, the nature and functioning of the area has been atered
to such an extent by roads and residential developments, that the complete recovery of this
ecosystemn is no longer thought to be possible.

The potential impacts of road construction on the coastal plains are twofold: direct impacts
due to construction of the road and obstruction of natural water flow, and indirect impacts
resulting from the settlement of people alongside the road, which will invariably occur once
the access route has been established.

While the direct impacts may be managed by minimising the area affected, rehabilitating the
roadside and constructing the road to accommodate seasonal and tidal flow of water within
the swamp, the indirect impacts as aresult of settlement are more difficult to control.

The new route will be a major conduit into the business centre of Maputo and is therefore
likely to attract the large volumes of traffic which are currently resulting in severe congestion
on the alternative route of Ave. Vladimir Lenin. Without the proper control, the establishment
of informa markets and settlements dongside the route is an inevitability.

20.4.9 Urban Environmental Quality

(1) Aesthetics (Street trees)

An inventory was made of all street trees located along each of the target roads, even though
only those planted in sections of Av. Guerra Popular and Av. Marien Ngouabi designated for

widening will be directly impacted. Although all trees are regarded as protected in terms of
the City’s bylaws, none of the trees are regarded as having an ecological or conservation
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protection status. Allowance should simply be made for obtaining the necessary permits and
re-establishing the street flora once congtruction has been concluded.

(2) Solid Wastes

Solid waste generated by the upgrading/construction of the target roads is likely to be limited
to the fallowing:

- Condtruction wagte. |.e. old pavement surfaces, drainage pipes etc.
- Hydrocarbon spillage from road building machinery

Provided that all solid waste is disposed of at a designated area and any hazardous wastes
handled responsibly according to recommendations provided in the following section, the
impacts of solid waste disposal from road building islikely to be of low sgnificance.

20.4.10 Social and Cultural Environment

(2) Provision of services and accessto facilities

The upgrading of in particular the collection roads within the districts of Chamanculo,
Xipamanine, Aeroporto and Maxaquene residential areas will have a positive impact on the
provision of services such as public transport and waste collection. The municipal solid waste
collection system currently only extends a regular service to the Central, Polana Cimento
(Cement City) and Sommerschild Districts. Mounds of rotting waste lining the access roads is
a feature of the more informal/unplanned sectors. Although perhaps not the only reason, the
condition of the roads within these areas certainly contributes towards the lack of formal

waste management. Without any alternative, many of the residents resort to disposing of their
own waste in holes within their property.

In extreme conditions, collector roads within the districts of Chamanculo, Xipamanine,
Aeroporto and Maxagquene may become impassable to even minibus taxis, thereby stranding
residents without access to public transport. Improved surfaces (with bus stops) will facilitate
more effective public transport and the incorporation of bus gops in the congested Av.
Vladimir Lenin will relieve the flow of vehides dong this route Sgnificantly.

Improved access to more remote areas would facilitate the maintenance of water, electrical
and communication lines before a disaster occurs. There is some danger that service lines,
such as water pipeline, electricity and telecommunication lines and sewage pipes might be
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impacted during construction, especially since there appears to be no detailed plans of the
networks. This would result in a temporary disruption to services and should be avoided by
careful exploration of the area prior to excavation.

Improved roads in many cases means easier and quicker access to markets, hospitals, schools
and other facilities. Access to markets was stated as one of the most popular reasons for
approva of the proposed upgradesin the household survey undertaken during the study.

(2) Health, safety and well-being.

Narrow, dslippery roads, poor road surfaces and traffic congestion all contribute towards a
significant safety hazard for pedestrians and motorists alike. According to the vehicle
accident statistics, vehicle accidents were 2163 in Maputo in 1999 and 170 people died by the
traffic accident. Vehicle collisons and accidents involving pedestrians appear to be a
commonplace occurrence in Maputo. Road safety was highlighted as one of the major
concerns raised by residents during the household survey.

The bottlenecking of traffic at the single lane section of Av. Guerra Popular - whichisalso a
popular bus route - is the motivation for the proposed widening to two lanes. This was
emphasised during the survey when a bus was observed side-swiping a parked car. Likewise,
the improvements to Av. Marien Ngouabi will negate the dangerous staggered intersection in
to Av. Mao Tse Tung.

The improvement of the road surfaces and widths, provisions of pedestrian sidewalks and
proper drainage of the road will have a significantly positive impact on the safety and comfort
of pedestrians and motorists following completion of congtruction.

Rerouting of traffic and the use of heavy machinery on busy routes during construction will
need to be closaly management and monitored to prevent accidents from occurring.

The provision of services such as regular waste collection will reduce the residents exposure
to pathogens and vermin and hence their susceptibility to disease. Physiologically, people
will benefit from a cleaner, safer and more organised environment.

(3) Impactson cultural property
Although a number of monuments and museums were identified in the study (see Chapter 16)

no cultural property will be negatively affected in the long term by the proposed upgrading of
the target roads. Short-term impacts may involve limited obstruction of traffic to these
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fadlities

20.4.11 Economic Environment

(1) Formal commercial activities

The short-term effects of upgrading roads within the districts of Chamanculo, Xipamanine,
Aeroporto and Maxaquene will likely be negative as some of the businesses bordering the
road are affected by the widening, and traffic flow through the area disrupted during
construction. In the long-term — once construction has been completed — businesses stand to
benefit from improved access. Many of the shop owners interviewed cited the condition of
the road as one of the main reasons why they were battling financially: customers were
samply not prepared to drive on the muddy, rutted roads.

Likewise, businesses located within the central and Polana Cimento Districts may experience
some drop off in sales during road resurfacing activities as customers patronise other more
accessible establishments. This is not anticipated to be highly significant as the roads located
within the dense business areas — such as near the harbour — will only require resurfacing
which isardatively quick process.

Ultimately, these businesses will benefit from improved access to customers — particularly
snce many of the streets are currently rapidly deteriorating into a hazard for sedan vehicles.

The restoration of origina Av. Julius Nyerere or construction of the new Section of Av. Julius
Nyerere will likely benefit the Av. de Marginal as access to the area is improved and a
throughflow of traffic crested.

(2) Markets and informal commercial activities

This section applied to formal and informal markets situated throughout the project, in
particular those located at Praca dos Combatentes, on Rua dos Irmaos Roby, Rua 2522
(Aeroporto B didrict) and Av. Emillia Dausse.

With the exception of the Market on Av. Emillia Dausse, improvements to the target roads
will impact directly on these markets as stalls will need to be cleared in order to
accommodate the new alignment. The most severe of these cases will occur at the Praga dos
Combaterites market where the existing road has been completely obliterated by the market.
Although many of these markets are regarded as informal or in some cases, illega provision
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will need to be made for an alternative site at a suitable location not too far removed from the
origina. As a result of the disruption, traders will likely experience a blow to their regular
income, but this might be offset in the short-term by the presence of construction workers and
increased buying power of [abour employed locally on the road upgrade projects.

The long term impacts to this markets will likely be positive as newer, better planned
facilities are provided and traffic flow in generd increasesin the area.

(3) Informal individual traders.

The traders being referred to under this category are the informal vendors who line the streets
in the districts of Chamanculo, Xipamanine, Aeroporto and Maxaquene selling anything from
vegetables and nuts to balloons and toothbrushes from outside their houses. In the short term,
their business might be impacted negatively by construction as they are forced to remove
themselves from the road. The long term impacts or benefits of the road improvement will be
negligible as most of their businessis likely to originate from the surrounding residents in any
case.

(4) Industrial activities

Light industries located on Av. De Anglo, Av. De Lusaka and Av. de Mozambique are likely
to be affected in a Smilar fashion to that described above for forma commercid activities.

(5) Employment opportunities

The short term impacts experienced by residents and businesses during construction will to a
large extent be offset by improved employment opportunities and the resulting increase in
customer buying power. This assumes that the contractor will be making use of labour
intensive methods of construction, and employing unskilled labour on a district-by-district
basis.

Although somewhat short-term, the employment of locally-based labour could have a
significant knock-on effect throughout the different sectors of the district as families benefit
from increased income and improved quality of life, and businesses from their increased
buying power. Long-term benefits may arise out of the development of skills acquired while
employed on the job, which effectively increase their chances of re-employment on other
projects.
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(6) Maputo economic growth environment

The entire economy of Maputo city stands to benefit from the improvements to the
transportation network as proposed by the 2020 strategic plan. Not only will the
improvements to the main feeder routes into the city and out to industrial and residential areas
stimulate economic activity within Maputo, but the general upgrading of the cities
infragtructure will improve the outlook for outside industrid and commercid investmen.

The construction activity itself will have significant downstream impact into aimost all
sectors of the city’s economy and society through the demand for human and material
resources and services. These benefits may be maximised by employing a policy of using
local labour and suppliers where possible.

20.4.12 Conclusion

A number of potential impacts and benefits have been identified in the above discussions.
Most of the impacts are short term and the benefits are long term.

In viewing the entire project, the benefits to the community of Maputo in terms of improving
access, increasing road safety and public transport systems and reducing dust levels, need to
be balanced against the social impacts of having to relocate a number of affected households
to alternative premises. The process of expropriation should be approached with fairness,
trangparency and sengitively only once dl other dternatives have been fully investigated.

Regarding to the air pollution of NO; and CO, noise and vibration, the estimated results for
buildings at all locations meet the environmental Preservation Target, therefore, the impact on
ar pollution, noise and vibration to the residents along the proposed roads will be minima.

The benefits which are likely to accrue to the community should be maximised by employing
labour-intensive construction methods, providing job opportunities for local residents and
making use of local suppliers where possible. Furthermore, the community should be
consulted and involved in aspects of the design of the roads, such as the placement of bus
stops, speed humps or pedestrian crossings.

There are Plan 4 Route (Av. Julius Nyerere On line) and Master Plan Route (Av. Julius
Nyerere Off line) to provide an aternative plan in this study. In the case of Master Plan Route,
there should be necessity to design a drainage system which is allowed for unimpeded flow of
tidal and seasonal waters within the swamps. In the case of Plan 4 Route, as roadside buffer
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belt are anticipated to form along Av. Juluis Nyerere of its origina route, the environmental
impacts to houses of roadside on air pollution, noise and vibration will be improved by the
restoration of Av. Julius Nyerere.

About the impact of resettlement on the two plans, amounts of families displaced are 251 in
the case of Plan 4 Route and 352 in the case of Master Plan Route. The impact of resettlement
in the case of Plan 4 Route is amdler than one in the case of Master Plan Route.

Table 20.4.14 shows the result of the total environmental impact assessment of the road
development aternatives and the Plan 4 Route is recommended as the benefit is larger and the
impact is smaller on social, natural environment and urban environment quality for the high
priority road development projects.
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Table 20.4.14 Result of thetotal environmental impact assessment

Plan 4 Route (Av. Master Plan Route (Av.
Affected environment Indicator Julius Nverere On line)l Julius Nverere Off line)
I mpact Benefit I mpact Benefit
1.Resettlement of residents|No. of families displaced M H ---
2.Air pollution
2.1 Construction activities |Dust generated M M ---
2.2 During Operation Raising speed of vehicles and M . L
Phase formation of roadside buffer belt
3.Noise
3.1 Construction activities |Dust generated M M
3.2 During Operation Raising speed of vehicles and M L
Phase formation of roadside buffer belt
4.Vibration
4.1 Construction activities |Dust generated M M
4.2 During Operation Raising speed of vehicles and M L
Phase formation of roadside buffer belt
5.Geomorpho|c_>gy, Soil (erosion) M
geology and soils
6.Flood hazard Flood hazard H --- H
Natural surface water flow

7.Water resources within the coastal area M o
8. Protected sensitive Swamps M ---
9. Urban environmental quality
9.1 Street trees Street trees L L -
9.2 Soild waste Construction activities M M
10.Social and cultural environment
10.1 Provision of services Public .transport, waste

L collection services and access to H H
and access to facilities . o

public facilities

10.2 Health, safety and )
Well Being Health, safety and Well Being H H
11. Economic environment
11.1 Formal commercial |Short term M M ---
activities Long term H H
11.2 Markets and informal |Short term M M ---
commercial activities Long term H --- H
11.3 Informal individual Short term M . M
traders
11.4 Industrial activities Upgrade of target roads H --- H
11.5 Emplpyment Employment of unskilled labour M M
opportunities
11.6 Maput.o economic Upgrade of all target roads H H
growth environment
Total evaluation L VH M H
VH = Very high, H = High, M = Medium, L = Light, --- = No impact

205 RECOMMENDATION OF MITIGATION MEASURES

The objective of this section is to present recommendations for how the negative impacts
identified in the previous section may be mitigated, and the benefits maximised. Summaries
of the mitigation measures concerning the possible environmental impacts during the project
implementation and responsible body considered are presented in Table 20.5.1.
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Table 20.5.1 Summary of Mitigation Measures on Environmental Impact and Responsible Body

AFFECTED
ENVIRONMENT

ACTIVITY

NATURE OF

IMPACT/BENEFIT

Negative/positiv

MITIGATION MEASURES

Responsible Body

IGover nment
[Consultant
|Contractor

20.5.1 Resettlemen

t of Residents

Resettlement of residents
within the Chamancul o,
Xipamanine, Aeroporto

The socia impacts of removal and
resettlement of residents located
aongside the target roads within

N

-To establish arule on compensation
for resettlement by the government.
-To explore aternative options to

o
1
1
1
1

and Maxaguene these districts. resettlement
res dentla] d's,m cts due -To undertake a compl ete inventory o -
to road widening and assessment of each affected
property
-To undertake an investigation for a o -- --
suitable alternative location for
displaced families
20.5.2 Air Pollution
Construction activities |Dust generated N |-To provide awater sprinkling system - - o
at the construction site
Raising speed of vehicle [Exhaust gas caused by vehicle P |-To establish National standard @ - -
due to improvement of  |traffic regarding air quality, emission of

roads

vehicle exhaust gas quantity and
quality

-To introduce an obligatory car
inspection system

-Toimprove traffic flow
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AFFECTED ACTIVITY NATURE OF _g MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT "é
2 )
a c S
g E |S |s
zZ = ©
) 3 |s
= c c
(@} o o
O 10 10 |
20.5.3 Noise
Construction activities  [Noise generated by construction [N |[-Construction activitiesto belimitedto | -- -- o

activities and diversion of traffic to
accommodate construction

normal working hours only

Improved road
conditionsfollowing
construction

Noise generated by improved road
conditions following construction.

-To introduce obligatory systems for
equipping muffler devices with
adequate quality controlled by a
technical standard and amuted horn
with anational standard on every
vehicle.

-Conversion of land use from
residential to commercial in urban area

20.5.4 Vibration

Construction activities

Vibration generated by construction
activities and diversion of traffic to
accommodate construction

N

-Construction activities to be limited to
normal working hours only

Improved road Vibration generated by improved |P  |-To manage the maintenance of road ° - -
conditionsfollowing road conditions following pavement
construction construction.
20.5.5 Geomor phology, Geology and Soils
Construction of New The impact of construction N |-All topsoil and subsoil removed during| -- - °

Section on JN

activities on the soils of the low-
lying coastal areas and mangrove
swamps in the Costa de Sol District

construction activities should be
stockpiled in such a manner asto
maintainitsviability and protected
against erosion.
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AFFECTED ACTIVITY NATURE OF § MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT g
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Z > = c
(@) O @]
O 10 10 |
20.5.6 Flood Hazard
Construction of New The impact of flood hazard due to P |-Todesign and construct new drainage - o o
Section on JN stormwater systems which have enough capacity
Upgrading of target
roads and construction of
stormwater drains
20.5.7 Water Resources
Construction of New Theimpact of construction N |-To take precautions to ensure that -- S
Section on JN. activities on the natural surface neighbouring residences are not
water flow and quality within the impacted by stormwater runoff from
Low-lying coastal areas and the road during construction
Mangroves. -To alow for the unimpeded flow of - o | -
tidal and seasonal waters within the
swamps
20.5.8 Protected or ecologically sensitive zones
Swamps Construction of New Theimpact of road constructionon | N [-To limit every activity within thisregion| -- © @
Section on JN. the ecological functioning of the assmall an areaas possible
swamps in the Costa de Sol -To design adrainage system which is - o -
District: Direct impact of allowed for unimpeded flow of tidal and
construction. seasonal waters within the swamps
-To make afinancial provision for the © - -
remediation of sensitive areas damaged
during construction
The impact on the ecological N |-To control strictly inflow of new © -- -
functioning of the swampsin the settlements to this area
Didtrict: Indirect impact of
introducing new settlements to area
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20.5.9 Urban Environmental Quality
(1) Aesthetics The upgrading, The impact of resurfacing and -All trees not directly affected by - © --
(Street trees) improvement of target  |upgrading target roads on street  |construction activities, should nevertheless
roads within the Central [trees be protected against accidental damage.
Districts
The widening of the The impact of road widening on N |-To acquire permitsfor all treeswhich | © - -
roadsAv. GPand Av. |street trees will be removed during construction
MN activities
-To makefinancial provision for the © --
replacement of all trees removed during
construction
(2) Solid Waste  |Construction activities | Theimpact of solid waste and N |-Todisposeof al solid waste produced| -- - o
hazardous waste generated during during construction at the municipal
construction on the environment landfill site north of Maputo
20.5.10 Social and Cultural Environments
(D Socia and Upgrade of collector Impact on Public Transport P |-Allowance to be made for formal bus - o -
cultural roads within the stops on collector roads.
environment: Chamanculo, Impact on waste collection services | P |-To devise awaste collection strategy for | © - | -
Provision of Xipamanine, Aeroporto areas currently not serviced by the
services and access|and Maxaguene municipal trucks
to facilities residential districts Impact on supply and maintenance | P |-Toidentify thelocation of pipelinesand | -- o o
of services cables supplying services to the area prior
Impact on access to markets, P |toinitiating construction activitiesin
hospitals, schools and other order to minimise the chance of
Construction of New Impact on access to markets, p [interference
section of IN and hospitals, schools and other
restoration of original |facilities
JIN
Upgrade of target roads |Impact on access to markets, P
within Central District |hospitals, schools and other
facilities
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(2) Hedlth, Safety |Upgrade of collector Impact on pedestrian and motorist P |-Safe pedestrian crossing points to be -- o --

and Well Being roads within the safety provided opposite school, markets,
Chamanculo, Impact on Residents health by P |churches, bus terminals etc
Xipamanine, Aeroporto |improving access to waste
and Maxaguene collection trucks and provision of
residential districts effective drainage.
Widening of GP and MN|Impact on pedestrian and motorist P
safety
Construction activities | The impact of construction N [-A safety officer to be appointed at o -- o
activities on motorist and pedestrian each construction site.
saety. -Effectivetraffic control and o -- o
monitoring to be provided at
construction sites and along detours.
(3)Cultural Upgrading, improvement|The impact of road reconstruction | -To maintain access to cultural sites during o - o
Environment and resurfacing of roads |and repair activities on cultura construction

within the Centrd
District

properties.

-To make provision for adequate parking in
close vicinity to cultural sites
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20.5.11 Economic environment
(1)Formal Upgrading of roads The short term impacts of N |-To restrict to disruption of accessto -- -- o
commercial within the Chamanculo, |construction activities on businesseg businesses during road resurfacing
activities Xipamanine, Aeroporto |located along target roads. activities as ashort period as possible
and Maxaquene districts
Upgrading of roads The short term impacts of N |-To redtrict to disruption of accessto -- -- 0o
within the Central construction activities on businesseq businesses during road resurfacing
District located along target roads. activities as a short period as possible
(2Marketsand | Construction of thenew |Short term impact onthe Pracados | N (-To provide an aternative location for al | © -- --
informal JIN section, Upgrading of | Combaterites market, and markets markets displaced by the road
commercia roads within located along roads Rua dos Irmaos upgrading/construction activities
activities Minkadjuine and Roby and Rua 2.522 (Aeroporto B

aeroporto districts

District)

LdOdAY TVNIA

WVHL AdNILS VOIr
OINdVN AO ALID HHI A0 INIFNdOTAAAd AVOY



dlLT “00 SINVITASNOD ONINAANIONA NVdVI

dl71°00 SINVITNSNOD TVINAINO

§¥ —0C YALdVHD

AFFECTED ACTIVITY NATURE OF é MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT E
] ~
g 2 15 |z
g c |= |3
z o 3 |=
> c c
8 |38 I3
(3)Informal Upgrading of roads The short term impacts of P |-To make alowance on sidewaks and © -- --
individual traders Jwithin the Chamanculo, |construction activities on vendors pavements to accommodate informal
(ie tomatoe, Xipamanine, Aeroporto |located along target roads. vendors
cashew nut etc and Maxaquene districts
vendors)
(4)Industrial Upgrade of target roads |The impact of road upgrades on P [-Torestrict disruption of access to - - o
activities light and heavy industries located businesses during road resurfacing
along target roads activities to as short a period as
possible
(5)Employment Employment of The impact of employment of sociall] P |-Labour intensive means of construction | o - o
opportunities Unskilled labour upliftment and increase spending should be applied.
power -Unskilled labour should be sourced from| o -1 o
the district in which the construction is
being undertaken.
(6)Maputo Upgrade of al target The impact of road upgrades on P [-A policy of using local suppliers of o - -
economic growth |roads according to 2020 [general economic growth in goods and services should be applied
environment plan Maputo. where ever possible.
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20.5.1 Resettlement of Residents

- There should be necessity to establish a rule on compensation for resettlement by the
government.

Alternative options to resettlement should be explored before a final decision to proceed
with expropriation and relocation is effected.

A complete inventory and assessment of each affected property be undertaken prior to
establishing the cost of compensation.

An investigation for a suitable aternative location for displaced families should be
undertaken. This should fulfil the requirements of the affected parties, within reason, — such
as access to places of work, markets, public transport, medical facilities, schools and
provision of services such aswater, eectricity, sewage and telecommunications.

Expropriation and resettlement process to be undertaken in an open and participatory
manner involving al stakeholders.

20.5.2 Air Pallution

(1) During Congtruction Period

- The levels of dust generated during construction should be monitored and dust suppression
by regular wetting of the road surface practiced, where this is deemed to reach levels of

discomfort.

- In addition, dust covers may be required over the beds of trucks that will be used for
trangportation of materials.

(2) During Operation Phase

- Establishment of a national standard regarding air quality, emission of vehicle exhausts gas
quantity and qudity.

- Introduction of an obligatory car inspection system.

- Improvement of traffic flow: Improvement of speed and control of starting and stopping is
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expected to reduce the concentration of exhaust gas from vehicles.

- To build up a public treffic system, and convert car use to public traffic use.

20.5.3 Noise

(1) During Congtruction Period

- Condruction activities should be limited to norma working hours only.

(2) During Operation Phase

- Introduction of obligatory systems br equipping muffler devices with adequate quality
controlled by a technical standard and a muted horn with a national standard on every
vehicle will be principa measures for mitigating road noise.

- Converson of land use from resdential to commercial in urban areawill aso be effective.

2054 Vibration

(1) During Congtruction Period

- Condruction activities should be limited to norma working hours only.

(2) During Operation Phase

The management for maintenance of road pavement that keep the surface of roads in smooth
will be principa measures for mitigation vibration.

20.5.5 Geomorphology, Geology and Soils

- All topsoil and subsoil removed during construction activities will be stockpiled in such a
manner as to maintain its viability and protected against erosion until such time that it can
be used for rehabilitation of road verges, construction camps and other areas disturbed
during congtruction.

- An awareness programme should be undertaken to inform local residents of maintenance of
open stormwater drains, and the consequence of their blockage. Monitors should be
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appointed to ensure that the drains remain free of debris. Regular monitoring by council
officials should be undertaken.

205.6 Flood Hazard

There should be necessity to design and construct new storm drainage system which have
enough capacity.

20.5.7 Water Resources

- Precautions should be taken to ensure that neighbouring residences are not impacted by
stormwater runoff from the road during construction. Temporary side drains should be
constructed to divert runoff away from houses until such time as the concrete u-shaped

drains have been completed.

- The design of the Julius Nyerere extension should alow for the unimpeded flow of tidal and
seasond waters within the swamps.

20.5.8 Protected or Ecologically Sensitive zones

- Any activity within this region should be limited to as smal an area as possible.

- There should be necessity to design a drainage system which is allowed for unimpeded flow
of tida and seasond waters within the swvamps.

- Financia provision should be made for the remediation of sensitive areas damaged during
construction.

- Inflow of new settlements to this region should be limited drictly.

20.5.9 Urban Environmental Quality

(1) Aesthetics (Street trees)

- Permits should be acquired for all trees which will be removed during construction
activities.

- Financia provison should be made for the replacement of all trees removed during
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construction.

- All other trees not directly affected by construction activities, should nevertheless be
protected against accidental damage.

(2) Solid waste

- All solid waste produced during construction to be disposed of at the municipal landfill site
north of Maputo.

20.5.10 Social and Cultural Environments

(2) Provision of services and access to facilities

- Allowance to be made for formal bus-stops on collector roads.

- A waste collection strategy to be devised for areas currently not serviced by the municipal
trucks. Exigting refuse hegps to be cleaned up and removed to the landfill site.

- The location of pipelines and cables supplying services to the area should be identified prior
to initiating congtruction activitiesin order to minimise the chance of interference.

(2) Health, Safety and Wdl-being

- A safety officer to be appointed at each congtruction Site.

- Effective traffic control and monitoring to be provided at construction sites and aong
detours.

- Safe pedestrian crossing points to be provided opposite schools, markets, churches, bus
terminals etc. The community should be consulted as to the placement of bus stops,
pedestrian crossings and speed humps.

(3) Cultural Environment

- Accessto culturd Sites should be maintained during congtruction.

- Provision should be mede for adequate parking in close vicinity to cultura Sites.

CHAPTER 20-47
ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT JICA STUDY TEAM

20.5.11 Economic Environment

(1) Formal commercial activities.

- Disruption of access to businesses during road resurfacing activities should be restricted to
as short aperiod as possible.

(2) Marketsand informal commercial activities

- An dternative location should be provided for al markets displaced by the road
upgrading/construction activities. This should be in the same vicinity as the last so as not to
affect sales or inconvenience consumers.

(3) Informal individual traders

- Allowance should be made on sidewaks and pavements to accommodate informal vendors.

(4) Industrial activities

- Disruption of access to businesses during road resurfacing activities should be restricted to
as short aperiod as possible.

(5) Employment opportunities

- Labour intensive means of congtruction should be gpplied.

- Unskilled labour should be sourced from the district in which the construction is being
undertaken.

- A illstraining programme should be initisted among unskilled Iabour.

(6) Maputo economic environment

- A policy of using local suppliers of goods and services should be applied where ever
possble
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206 CONCLUSIONS

The investigation has revedled the benefits and impacts on socio-economic, natura
environment and urban environment quality associated with the proposed upgrading of the
target roads within the city of Maputo.

In summary, the environmental impact assessment shows that the impact of the project on the
roadside environment and the surrounding areas will be less than the allowable level for the
assessed items and it will be possible to maintain the quality of the environment at an
appropriate level. To mitigate the negative impacts and maximise the benefits, possible
measures to deal with al of the environmental issues in the future are recommended to ensure
that the city of Maputo will be with the favourable urban environment being crested.

The followings summarize the results of the assessment and recommendation on main 5
items

(1) Resettlement of residents

The upgrading of the roads within the residential of Chamanculo, Xipamanine, Aeroporto,
Maxaguene, Polana-Canico and other districts is something of a double-edged sword: while
the general population stands to benefit from improved access to schools, markets, public
transport and customers - not to mention safer conditions for pedestrians and motorists and a
healthier living environment - residents directly affected by the road widening stand to be
displaced and resettled elsewhere. The impact that expropriation and relocation may have on
the social fabric of communities and families, especially when there is a history of
displacement due to wars and floods, cannot be underestimated.

Therefore, it is necessary to recommend mitigation measures. In the road development plan
of the priority project, the alignment of each road has been carefully examined so as to keep
the resettlement of the residents necessitated by the road construction and widening to a
minimum. However, it is found that 251 families in the case of Plan 4 Route (Av. Julius
Nyerere On line) and 351 families in the case of Master Plan Route (Av. Julius Nyerere Off
line) need to be removed before the improvement of roads. Various problems involved in the
resettlement of the residents will probably be resolved by taking mitigation measures against
social and economic impacts of the resettlement. The mitigation measures are concluded as
following:

- Resettlement should be approached with transparency and equality, upholding the rights of
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the individua as entrenched in the country’ s congtitution.

There should be necessity to establish a rule on compensation for resettlement by the
government.

Alternative options to resettlement should be explored before a final decision to proceed
with expropriation and relocation is effected.

A complete inventory and assessment of each affected property be undertaken prior to
establishing the cost of compensation.

An investigation for a suitable alternative location for displaced families should be
undertaken. This should fulfil the requirements of the affected parties, within reason, — such
as access to places of work, markets, public transport, medical facilities, schools and
provision of services such as water, dectricity, sewage and teecommunications.

(2) Air pollution

It is predicted that the atmospheric environment along the roads will become much worse as
the population and the number of motor vehicles increases, unless the present road network
and conditions are improved. After the roads are widened and improved as a result of the road
development plan, the atmospheric environment will be improved due to raising speed of
vehicles and elimination of traffic congestion. Also, at areas along the unpaved roads where
the air quality is currently not well due to dust from the roads, the atmospheric environment
will beimproved.

According to the result of the estimation, the atmospheric environment along the principle
roads meets the environmental preservation target.

However, in order to maintain a nice atmospheric environment in the city, following
necessary preventative messures should be taken in the near future:

- Egablishing an air pallution control law.

- Establishing a national standard regarding air quality, emission of vehicle exhausts gas
quantity and qudity.

- Introducing periodic and obligatory car ingpection system.
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- Bulld up apublic traffic system, and converting car use to public traffic use.

(3) Noise and Vibration

According to the result of the estimation, noise and vibration from motor vehicles meet the
environmental preservation target. Thus, it will be possible to preserve the living environment
of the residents along the roads.

However, in order to achieve a comfortable urban environment in the city, following
necessary preventative messures should be taken in the near future:

- In Mozambique, it is necessary to establish regulations for controlling noise and vibration in
the principle ditiesincluding Maputo.

- Introduction of obligatory systems for equipping muffler devices with adequate quality
controlled by a technical standard and a muted horn with a national standard on every
vehicle will be principa measures for mitigating road noise.

- Converson of land use from residentia to commercia in urban areawill dso be effective.

- The management for maintenance of road pavement that keep the surface of roads in
smooth will be principal measures for mitigation vibration.

(4) Flood hazard

At some of places where overflow on roads is currently observed due to damaged road
surfaces and insufficient drainage arrangements, the overflow on roads will be eliminated
after the road surface isimproved and drainage systems are designed and installed as a part of
the project.

However, as the coverage of the system is limited and its function is degraded because of
insufficient maintenance, it is necessary to accelerate improvement of the rainwater drainage
system and to conduct proper maintenance regularly.

(5) Ecologicd sengtive zones

In the case of Master Plan Route, the new section of construction of Av. Julius Nyerere is
located the coastal plain where is near apart of ecologicd area.
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As explained before, the potential impacts of road construction on the coastal plains are
twofold: direct impacts due to construction of the road and obstruction of natural water flow,
and indirect impacts resulting from the settlement of people alongside the road, which will
invariably occur once the access route has been established.

To mitigate the impacts, mitigation measures are proposed as followings.

- Sdlecting other aternative route that is not located the coastal plain.

- Any activity within this region should be limited to as smal an area as possible.

- There should be necessity to design a drainage system which is allowed for unimpeded flow
of tida and seasond waters within the svamps.

- Financia provision should be made for the remediation of sensitive areas damaged during
construction.

- Inflow of new settlements to this region should be limited grictly.
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CHAPTER 21: IMPLEMENTATION PLAN

211  GENERAL

In this chapter, the basic aspects including executing agency, construction period,
construction packages, preparatory works, implementation schedule and investment plan to
be applied for the proposed roads have been studied.

21.2 EXECUTING AGENCY

The Directorate of Roads and Bridges, the Municipal Council of Maputo is the government
agency responsible for the execution of the implementation of the Project. And National
Roads Administration is aso the executing agency for supporting the Municipal Council of
Maputo.

The required land/house acquisitions and compensations as well as the relocations of utilities
shall be undertaken by the said agency prior to the commencement of the Project.

21.3 PROJECT PACKAGING

21.3.1 Selection of the best alternative route of Av. Julius Nyerere

Before setting implementation schedule of the projects, the first critical question that should
be solved is the selection of the best route of Av. J. Nyerere. Since it is expected to play an
important role of the road network of Maputo, draft economic analysisis primarily conducted
on the two aternative routes of Av. J. Nyerere, and then the road network with the best
dternative route of Av. J. Nyerere shdl bethefind set of the F/S projects.
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The two dternative routes of Av. J. Nyerere are described in Figure 21.3.1.

Source: JCA Study Team
Figure 21.3.1 Alternative routes of Av. J. Nyerere

One alternative named “Ont-ling” is rehabilitation of the original route of Av. J. Nyerere (Plan
4), while the other is called “ Off-line” which construct a number of detours to compensate the
missing links (Magter Plan Route).

The two aternative routes of Av. J. Nyerere have been thoroughly described in the chapter
(18), thus here is just presenting the costs and benefits accrued from the two alternatives with
different routes of Av. J. Nyerere as shown in Table 21.3.1.
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Table 21.3.1 Comparison of Two Alternative Routes (Year: 2021)

Condgruction
Alternatives | Cost for JN. | Tota Cost IRR B/C NPV
Road
N, 505mil. | 355mil. . 54.6 mil.
OFf-Line USD USD 29.8% 2.97 USD
JN. 15.8 mil. 48.4 mil. 63.6 mil.
On-Line USD USD 21.4% 2.70 USD
Source: JCA study team

It is obvious that the Off-Line is the better alternative route, because the initial cost is cheaper
than On-line. Although NPV of Off-Line is less than On-line, IRR and B/C is much better
than On-Line. Furthermore the construction of OntLine is very difficult for drainage work
and slope protection against heavy rain such as February 2000. Therefore the favorite route of
the missing link of Av. J. Nyerere should sdlect Off-Line.

21.3.2 Project Packaging

In order to implement the construction works practically for the road rehabilitation and the
road related facilities, a drainage work becomes one of the key elements of the project
implementation.

Based on the proposed drainage systems for each storm water basin, those have been studied
in Chapter 12 and 18 Clause 12.2 and 18.7, each component of the Feasibility Study Projects
has been combined into Packages.

As the results, the Project has been categorized following four (4) items and the location is
shown in Figure 21.3.2:

® Package A: Road and Public Transportation Projects in Polana-Canico area (total
length=19.6km)

This package consists of the new construction of the missing link of Av. J. Nyerere(L=5.6

km), the improvement of Av. V. Lenine, the Improvement of Av. Acordos Lusaka (L=2.8km),

the construction of the Bus terminal at the Combatentes Plaza and the rehabilitation of

pavement and drainage on District 3 Area Roads (tota length =9.5 km).

® Package B: Road, Public Transportation and Traffic Management Projects in
Maxaquene, Malhangalene, Mahalala, Urbanizacao, Munhuana, Xipamanine,
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Chamanculo and Central area (total length=16.5km)
This package consists of the Widening of Av. Guerra Popular (L=0.7km), the Improvement of
Av. Angola (L=3.1km) and Rua S. Cabral/Largo de Deta (L=0.6km), the Improvement and
widening of Av. Marien Ngouabi (L=1.9km), the rehabilitation of pavement and drainage on
District 2 Area Roads (total length = 10.2 km) and the Improvement of Intersections in the
CBD (14 intersections).

® Package C: Road and Public Transportation Projects in Altmae, Central,
Polana-Cimento, Coop and Sommer schield area (total length=18.6km)

This package consists of the rehabilitation of pavement and drainage on Industrial and

Commercial Area Roads (total length= 6.03 km), Port Area Roads (total length =3.9 km),

Didtrict 1 Area Roads (total length = 8.7 km) and the Improvement of Bus Bays and Bus

termina (23 numbers).

® Package D for Structure Strengthening of Road M aintenance Or ganization

214  CONSTRUCTION PERIOD OF EACH PROJECT PACKAGING

The construction period for each project package was estimated taking into account the work
volume, site conditions, weather conditions, right-of-way situation, etc. The roads have been
divided into five categories, described asfollows:

1. Package A: Road and Public Transportation Projects in Polana-Canico area
(total length=19.6km)
These consist of the new construction of the missing link of Av. J. Nyerere, the
improvement of Av. V. Lenine, the improvement of Av. Acordos Lusaka, the
construction of the Bus terminal at the Combatentes Plaza and the rehabilitation of
pavement and drainage on District 3 Area Roads having a total length of
approximate 19.6 km. The estimated construction period for thiswork is 2 years.

2. Package B: Road, Public Transportation and Traffic Management Projects in
Maxaquene, Malhangalene, Mahalala, Urbanizacao, Munhuana, Xipamanine,
Chamanculo and Central area (total length=16.5km)

This package consists of the Widening of Av. Guerra Popular, the Improvement of
Av. Angola and Rua S. Cabra/Largo de Deta the Improvement and widening of Av.
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Marien Ngouabi, the rehabilitation of pavement and drainage on District 2 Area
Roads and the Improvement of Intersections in the CBD having total length of 16.5
km. The estimated congtruction period for thiswork is 1.5 years.

3. Package C:. Road and Public Transportation Projects in Altmae, Central,
Polana-Cimento, Coop and Sommer schield ar ea (total length=18.6km):
This package consists of the rehabilitation of pavement and drainage on Industrial
and Commercial Area Roads, Port Area Roads, District 1 Area Roads and the
Improvement of Bus Bays and Bus terminal having a total length of 18.6 km. The
estimated congtruction period for thiswork is 1 year.

4. PackageD for Structure Strengthening of Road Maintenance Or ganization
This package consists of the training and guidance of the new road maintenance
system, the procurements of training and maintenance equipments and the
construction of training room. The period of the training and the guidance will be 2
years during the implementation of the project packages.

215 PREPARATORY WORKS

The preparatory work is the required works to be implemented before the
commencement of the project packages consisting of the land acquisition the house
compensation, the relocation utilities and the Engineering services. The required period
of thisworksis 1.5 year.

216 IMPLEMENTATION SCHEDULE
The implementation schedule was set up taking into consideration the construction
period estimated above for each project package, annual project cost, ease of
implementation from the viewpoint of land/house acquistion, etc.
The recommended overdl implementation schedule for each package as follow:

Package A: Road and Public Transportation Projects in Polana-Canico area (total

length=17.1km)
- 2years
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Package B: Road, Public Transportation and Traffic Management Projects in
Maxagquene, Malhangalene, Mahalala, Urbanizacao, Munhuana,
Xipamanine, Chamanculo and Central area (totdl length=16.5km)
- 15years

Package C: Road and Public Transportation Projects in Altmae, Central,
Polana-Cimento, Coop ad Sommerschield area (tota
length=18.6km)

- lyear

Package D: Structure Strengthening of Road Maintenance Organization
- 2years

The recommended implementation schedule is presented in Figure 21.6.1
21.7 INVESTMENT PROGRAMME
The investment program of the Project has been made on the basis of the implementation

schedule. Table 21.7.1 shows the tentative investment program for the proposed road,
traffic management, public transportation and structurd strengthening projects.
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Project Road

High Priority Projectsto be implemented in the Short-term Plan

Package No.| Proposed Facilitiesto be Implemented Length lst.year 2nd.year 3rd.Year 4th.Year 5th.year
(km) 2002 2003 2004 2005 2006 2007
Preparatory Land AQqU|st|oq,_House Cqmpqﬁsal on,
Works | Relocation of Utilities, Engineering — [
Services
Package A Road and Publ_lc transportation Projects 196 _
in Polana-Canico area
Road, Public Transportation and
Traffic Management Projectsin Altmae, I
Peckage B Central, Polana-Cimento, Coop and 165
Sommerschidld area
Package C Road and Public transportation Projectsin 186 _

Altomae and Polana-Cimento area

Package D

Structure Strengthening of
Road Maintenance Organization

Figure 21.7.2 Proposed Implementation Schedule of High Priority Project
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Table 21.7.1 Tentative Investment Programme of High Priority Projects

Unit:mil.US$
Project 1. year 2nd. Year 3rd. year 4th. Year 5th. Year
Phase LRoadh 2002 2003 2004 2005 2006 Grand Total
iqr?]t) C/IC | Hc | cc | HC| cc | HCc]| cc | HCc ]| cc | HC]| cic | HC
(1) Congtruction Cost
- Package A 17.1 000| 038] o000| 038 898| 000| 224 000| 000| 000| 11.22| 0.75
- Package B 16.5 000| 000] o000| 031 000| 031 39| 000| 594| 000| 9.90| 0.62
- Package C 18.6 000| 0.14] 8o00| o000 0.00| o0.00| 000| 000| 000| 000| 800| 014
Sub Total (] 0.00| 051] 800| 069 898| 031] 620 000| 594| 000| 29.12| 151
(2) Structural Strengthening Cost 0.00 —| o0.00 —| 0.28 | o0.28 —| 0.00 —| 056
Sub Total ( 0.00 —| o0.00 —| 028 —| o0.28 —| 0.00 —| 056
Total Construction Cost (@+(m] o0.00| o051] 800| 069| 926| 031| 648 000| 594| 000| 2968| 151
(3) Consultant Fee (pp/sv=10% of Construction Costy | 0.20 -1 113 -1 0.79 -1 048 - 032 - 291 ---
E‘; %:%E?g%g%ﬁ%;&%ggﬁ&%C“" 0.00 O 12 0.80 O (;; 0.90 0 (;g 0.62 0 03 0.59 0 03 2.91 0 29
Government (194 of Congruction Cosh - : ___ : ___ : - : - : - :
Sub Total (6)=(3)+(4) + (5] 0.20| 0.12] 193| 006| 169| 006| 110/ 003 091| 003| 582 0.29
Total 1H+@+@6 020 063] 992| 074| 1094| 037] 758 0.03| 6.85| 0.03]| 3550| 1.80

C/C: Construction Cost H/C: House Compensation including relocation of utilities

Exchange Rate 1 US$ = 22,000 Mts=  125.00 (July 2001), or 1 Mts=  0.00568
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CHAPTER 22 : PROJECT EVALUATION

221 GENERAL

In this chapter, project evaluation is conducted on the F/S (feasibility study) projects. Project
evaluation of this chapter consists of economic analysis, non-economic benefit analysis, and
financid andysis.

The first section is the economic analysis of the projects, and the objectives are two-folds.

Firstly it is to evaluate the economic viability of the project. Since previous economic
evaluation on the M/P (master plan) has shown that the M/P is highly recommendable in
terms of economic efficiency, the F/S projects which are the short-term program of the M/P
are naturally expected to produce the same favour results. However, the detailed contents of
the program have been modified in the F/S study, then it arouses the necessity to make a
reconfirmation of the economic viahility of the F/S projects.

The second objective of the economic analysis is to examine economic validity of each
project within the programme. Since the costs of F/S projects are various in its size, it is
necessary to identify individual economic validity of each project. By comparing individual
economic indicators of the projects, it can lead to a prioritisation of the projects so that it is
expected to provide the useful indication for the planner when the rearranging of the
implementation schedule is needed in case of financid difficulty.

In addition to the above conventional evauation, other “norreconomic” benefits are
considered. The evauation of aroad project has been traditionally performed with economic
values for national economy, however, the road development will certainly accrue other
benefits which are difficult to be quantified in economic values. The primal objective of road
development is not aiming to produce economic vaues by saving VOC, rather it ams to
improve people’s life. Although there is no standardized method to calibrate such benefits,
this chapter will contribute some attempts to examine such non-economic benefits.

The final section of this chapter is presented for financia analysis of the programme
implementation with conducting financial arrangement simulation By using the financial
review results of M/P study, the financial arrangement is prepared to implement the projects
with arisk anayss.
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222 ECONOMIC ANALYSIS

22.2.1 Esimation of Benefits

The method is being used in this F/S analysis is the same as being used in the M/P study.
Details can be referred in the relevant section of the chapter 12. The benefit of the road
development maintenance is caculated as saving in VOC including time cost of passengers.

Table22.2.1 List of Costsrelated to Running of a Vehicle

Vehicle Time Overhead
Fud cost Vaues of Insurance cost
Tire cost Passenger’s time Adminigtration cost
Oil / Lubricant cost Driver’'stime
Maintenance cost Crew’stime
Depreciation cost

Source: JICA study team

The VOC moded being used is the VOC model from the M/P study. The VOC modd is
consstent with the HNMS-VOC mode currently used as a de-facto model in ANE
(Administration of National Roads) in Mozambique. It is structured in a matrix according to
vehicle speeds and IRI (International Roughness Index). Traffic assignments for evaluation

cases are carried out to calculate matrices by speed and IRI, and then multiplied by the VOC
matrices to output the total VOC.

HNMS-VOC
Model

VOC matrix in
1998 price

U

Traffic assignment
result for each
case

Supplement
Survey

U

[
Link Data (length,
volume, speed) for

each case

IRI setting
Revised

VOC matrix in

2001 price Vehicle.km matrix
for each case

Comparison of

r & . VOC Saving for
Total VOC for each case economic analysis

Figure 22.2.1 Procedur e of the VOC calculation
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For economic analysis of F/S program including all project packages, benefit is calculated by
subtracting the VOC of the target case from “the base case”. The base case is assumed that
minimum mai ntenance works are carried out on roads, i.e. “ Do-minmum’ case.

For economic analysis of individual projects, benefit is calculated from a benefit loss by
cancelling the target project from the whole F/S projects. In other words, the benefit of the
individual project is said to be again of VOC from “With Project” to “ Without Project”, since
VOC is increased somehow by cancelling any project. For details of traffic assignment
methods and results, please refer the chapter 18.3.

The benefitsof all projects and individual projects are calculated as follows. (VOC Saving of
P-12 is not caculated since traffic assgnment datais not available.)

Table22.2.2 Benefits of F/S Project in Year 2005

Annual VOC
No. Project Name Saving

(Million USD)
ALL |All Projects 13.62
P-1  |Congruction of missing link on Av. Julius Nyerere 249
P-2  [Improvement of Av. Vladinir Lenine 0.07
P-3  [Rehabilitation and Improvement of Av. Acordos de Lusaka 128
P-4  [Rehabilitation and Improvement of Av. Angola 0.29
P-5  |Rehabilitation and Improvement of Av. Marien Ngouabi 0.48
P-6  |Rehabilitation of Industrial and Commercial Area Roads 0.53
P-7  |Rehabilitation of Port Area Roads 0.50
P-8  |Rehabilitation of Digtrict 1 Area Roads 0.57
P-9  |Rehabilitation of District 2 Area Roads 0.69
P-10 |Rehabilitation of Didtrict 3 Area Roads 150
P-11  |Rehabilitation of Improvement of Traffic Management 0.55

Source: JCA Study Team

22.2.2 Esimation of Costs

Cost is calculated from the cost estimation made in the previous chapter. The conversion of
financial cost to economic cost is carried out by applying the different conversion factors to
respective cost items. The rationale to use such conversion factors is described in the chapter
of the M/P’s economic evaluation. It is briefly explained by that financial (or market) price
contains several price disturbances such as tax or subsidies which disturb the function of the
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price qualifying the rea value of items. In order to measure the real loss of the value, i.e.
economic cost, such disturbances should be subtracted from the financial price of costs.
Conversion factors are calculated as follows.

Table22.2.3 Conversion Factorsfor Each Cost Item

Materials Componentf CF Comp x CF
Land 20% 1.00 0.20
Machine (rent) 35% 1.00 0.35
Fuel/Oil 5% 0.85 0.04
Skilled Labour 5% 1.00 0.05
Unskilled Labour 15% 0.48 0.07
Licencel Tax 5% 0.00 0.00
Others 15% 1.00 0.15
CFfor Materials = 0.86

Construction Works | Component CF Comp x CF
Materials 20% 0.86 0.17
Machine (rent) 30% 1.00 0.30
Fuel/ Oil 10% 0.85 0.09
Skilled Labour 10% 1.00 0.10
Unskiled Labour 10% 0.48 0.05
Licencel Tax 5% 0.00 0.00
Imported Material 10% 0.95 0.10
Others 5% 1.00 0.05
CFfor Construction = 0.85

M aintenance Works | Component CF Comp x CF
Materials 15% 0.86 0.13
Machine (rent) 20% 1.00 0.20
Fuel/ Oil 5% 0.85 0.04
Skilled Labour 10% 1.00 0.10
Unskiled Labour 40% 0.48 0.19
Licencel/ Tax 5% 0.00 0.00
Others 5% 1.00 0.05
CFfor Maintenance = 0.71

Source: JCA study team

Each component of the works is determined by discussion within JCA study team members
by keeping the consistency with the cost estimation of the F/S projects.

There are assumptions as follows.
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v" For Fud/ QOil, conversion factor is 0.85 since 15% of the price is assumed as fuel tax.

v For Unskilled labour, conversion factor is 0.48, which is extracted from the VOC
model of ANE (National Road Administration of Mozambique) and calculated from
aproduction loss of agricultural goods by unskilled |abour.

v For imported materials which are asphalt and steel bars, 0.95 of conversion factor is
set according to the rate of average import tax of these materid.

v For machine and skilled labour, conversion factor is 1.00 due to the scarcity of these
itemsin Mozambigue.

v' For tax and license, conversion factor is 0.0 because they are just financially
transferred to the government.

In addition, conversion factor of house compensation (or land acquisition cost) is set to be
1.00 because it is assumed that any part of the urbanized city has a potential to be productive
so that resettlement accrues the cost of losing such potentials and the price of house
compensation reflects such loss. Meanwhile, facility reallocation is considered as
congtruction, thus the conversion factor of 0.85 is gpplied.

The cost comparison in financia and economic pricesis described as follows.

Table 22.2.4 Financial and Economic Cogts of F/S projects
Unit: Million USD

Financial Cost Economicl Cost
Project Name / Phase Yearl|Year2 |Year3|Yeard |Year5 |Grand |[Yearl | Year2 |Year3 |Yeard | Year5 [Grand | Ratio
2002| 2003 2004] 2005| 2006]Total 2002| 2003| 2004] 2005| 2006|Total

-Av.J Nverere 030] 028) 493] 123| 000] 675|1 030 028) 432] 108| 000] 598|089
-Av. V. Lenine 002| 000] 013] 003[ 000] 017} 002] 000f 011] 003] 000] 0.15] 0.89
-Av. A. Luska 002| 000f 172) 043| 000] 216] 002 000| 151] 038] 000] 1.90]0.88
- Av. Angola 002] 000f 000] 100| 142) 244]] 002] 000f 000] 088| 124]| 213|087
- Av. M. Nugouabi 002] 006f 006] 070| 099] 183|] 002| 005) 005} 061| 086] 159|087
- Industrial/ Commercial Area | 002| 285] 000| 000 000| 286]] 002] 250] 000| 000] 000| 252] 088
- Port Area 002] 190f 000] 000| 000] 192]] 002] 167f 000] 000f 000] 169| 0.88
- Didtrict 1 Roads 002]| 448] 000] 000| 000] 449|] 002| 394 000] 000f 000]| 395| 0.88
- District 2 Roads 002 021] 029) 177| 251] 479]| 002| 048] 026] 155] 218)| 418 087
- Digtrict 3 Roads 008 012| 418] 105| 000) 542|] 007 011f 366] 092| 000| 476| 0.88
- Traffic Management Facilitie 0.02] 000| 000] 137] 193| 332]|] 002] 000| 000] 120| 168] 290] 0.87
- Bus Stops and terminals 015] 070f 000] 000| 00O] 0851 015) 061f 000} 000f 000] 077090
Total 0.69]10.60{11.29] 758| 6.85]37.01}] 068] 934| 991] 665| 596]32.54| 0.88

Source: JCA Study Team

22.2.3 Evaluation settings

The project life is assumed to be 20 years from year 2002 at which the construction is due to
be commenced.
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According to the implementation plan, the construction of F/S projects is finished at the end
of year 2006; therefore the benefit is accrued from year 2007. Since the traffic assignment is
conducted for year 2010 and 2005, benefits are calculated primarily for year 2010 and year
2005, and then the difference of benefits between year 2010 and year 2005 is used to
calculate the growth rate of the benefits. Benefit of year 2007 is extrapolated from a time
series of such benefits between year 2005 and year 2010.

Although some projects are completed before year 2007, it is assumed that benefit is borne
only after year 2007 because it considers some negative effects influencing on traffic flows
during construction periods. The benefit of year 2007 is assumed to be haf of the original
Size since it is common that it takes 1 year of adjustment time for the network to be fully
functiond.

IRRs of the project roads are reduced by level 1 at year 2010 compared to year 2007 because
of the deterioration effects on roads by traffic, i.e., IRl tends to be worse year by year at
growing the number of traffics.

It is remarked that the base case “ Do minimum’ is assumed at minimum level of maintenance
and it needs some amount of maintenance cost. Thus, the net cost of the project case is
caculated by subtracting the cost of “ Do minimuni” maintenance.

In some economic analysis, sunk cost and salvage value are considered. Sunk costs are costs
that are not necessary to start the project but they had been actually used before the project's
commencement. For this road project, the roads in Maputo have aready existed before the
F/S projects and the construction cost of such base roads is not included as the costs for this
analysisin spite of the fact that the benefits of rehabilitation of the roads can not be achieved
without the base roads. In this case, the additional cost would be counted as costs as “sunk
cost”. On the other side, the salvage value is the value that remains at the end of the project.
For this road project, the rehabilitated roads will exists more than the project life of 20 years,
so that these roads may well be producing the benefit even after the project life. In this case,
the additional value would be counted as benefits remaining. Sunk cost and salvage value are,
however, theoretical and difficult to be quantified indeed. Therefore, in this anaysis, both
sunk costs and salvage values are assumed to be offset against each other, therefore, neither
additiona cost nor benefit is counted from this point of view.
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22.2.4 Economic Evaluation of the F/S projectsasawhole

With a method described in the previous section, a cost-benefit analysis of the F/S projectsis
conducted asfollows.

Table 22.2.5 Cost Benefit Analysisin Stream

Discout rate = 12.0% Unit: million USD
2001 price [2001 price|2001 price|Discount | Discounted| Discounted| Discounted
Cost Benefit  |Profit Rate Cost Benefit Profit
2002 0.7 0.0 -0.71 89.3% 0.6 0.0 -0.6
2003 9.3 0.0 -9.31  79.7% 7.4 0.0 -7.4
2004 9.9 0.0 -9.9 71.2% 7.1 0.0 -7.1
2005 6.6 0.0 -6.6| 63.6% 4.2 0.0 -4.2
2006 6.0 0.0 -6.0l 56.7% 3.4 0.0 -34
2007 0.2 7.4 7.2 50.7% 0.1 3.7 3.6
2008 0.2 15.4 15.2 45.2% 0.1 7.0 6.9
2009] 0.2 16.0 15.8] 40.4% 0.1 6.5 6.4
2010I 0.2 16.7 16.5 36.1% 0.1 6.0 59
2011 0.2 17.3 17.00 32.2% 0.1 5.6 5.5
2012 0.2 17.9 17.6 28.7% 0.1 51 51
2013 0.2 18.5 18.2 25.7% 0.1 4.7 4.7
2014 0.2 19.1] 18.9] 22.9% 0.1 44 4.3
2015 0.2 19.7 19.50 20.5% 0.0 4.0 4.0
2016 2.7 20.4 17.71 18.3% 0.5 37 3.2
2017 0.2 21.1] 20.9] 16.3% 0.0 34 34
2018 0.2 21.8 21.6 14.6% 0.0 3.2 31
2019] 0.2 22.6 22.3] 13.0% 0.0 2.9 2.9
2020' 0.2 23.3 23.1 11.6% 0.0 2.7 2.7
2021 0.2 24.1] 23.9] 10.4% 0.0 2.5 2.5
Total 38.4 281.4 243.0 - 24.0 65.6 41.5
B/C NPV IRR
2.7 mlfth 27.9%

(B/C=Benefit Cost Retio, NPV=Net Present Vaue, IRR=Internd Rate of Return)
Source: JCA Study Team
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Since all economic indicators show very much positive results (B/C=2.7, NPV=41.5 mil.
USD, and IRR=27.9%), it is obvious that the F/S projects as awhole is very feasible from the
economic point of view.

22.2.5 Economic Evaluation of Each F/S Project

For economic analysis of each individual project, “With' and “Without” analysis is applied.
“With” case is the same as the whole F/S projects (full projects). For calculating the VOC of
“Without” case of each project, a network without upgrading the project-related link(s) is
constructed and traffic assignment is conducted. Benefit of the project is calculated from the
“benefit loss’ which is a difference of VOC savings between “With ” case and “Without”
case. VOC saving of “With project” caseisthe same as of the whole F/S projects.

The following table summarizes the results of each economic analyss.

Table 22.2.6 Summary of Economic Analysis Results of Each Project

Discounted | Discounted Net Present
No ProjectName et | ot | g | vawe (TR

(mil. USDY ] (mil, USD) (mil. USD)
P-1  |Construction of missing link on Av. Julius Nyerere 13.4) 4.9 3.0 9.0 32.0%
P-2  |Improvement of Av. Vladinir Lenine 0.4 0.1 34 0.3 34.6%
P-3  |Rehabilitation and Improvement of Av. Acordos de L usaka 6.9 1.4 4.9 5.5 46.7%
P-4 |Rehabilitation and Improvement of Av. Angola 1.4 1.4 1.0 0.0 12.4%
P-5 |Rehabilitation and Improvement of Av. Marien Ngouabi 2.3 1.0 2.2 1.3 27.2%
P-6  |Rehabilitation of Industrial and Commertial Area Roads 3.9 2.1 1.7 1.4 21.0%
P-7 |Rehabilitation of Port Area Roads 3.4 14 2.4 19 28.9%
P-8 |Rehailitation of District 1 Area Roads 3.8 3.3 1.2 0.5 14.3%
P-9  |Rehabilitation of District 2 Area Roads 3.3 2.7 1.2 0.6 15.3%
P-10 |Rehabilitation of Digtrict 3 Area Roads 8.1 3.5 2.3 4.6 26.6%
P-11 |Rehabilitation of Improvement of Traffic Management 2.7 1.9 14 0.8 18.4%
P-12  JImprovement of Bus Stopsand Terminals N/A 0.7 - -

TOTAL / AVERAGE 49.2 234 2.2 26.0 25.2%

Source: JCA Study Team

According to the resultsin the table, all projects seem to be feasible because no project in the
table is lower than the critical point of B/C (equals to one) or IRR (12%) while the degrees of
feaghility are various from 46.7% to 12.4% of IRR.

This kind of listing is prone to mislead a reader to consider that only high economic-return
projects shall be implemented. This listing is, however, not for selection of the projects for
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implementation. This is becawse that the F/S projects are organized into a complete network
which has a systematic mechanism to deal with traffics. This issue is rather suitable for traffic
engineers not economists, but it can also be explained in the economic analysis with the total
NPV (Net Present Value). The summed value of NPV of the all independent projects is 26.0
mil. USD, which is lower than the value of NPV of the whole projects (41.5 mil. USD). It
indicates that projects are utmost effective only when they are implemented as a whole
network, not by being implemented individudly.

Therefore, the listing of economic analysis results should be read to explain the different
impacts of the various F/S projects, and in practice, this list will be treated as a guide for the
planner in future for amending the implementation schedule in case of financid difficulty.

22.2.6 Senstivity Analysis of Economic Evaluation Result

In order to confirm to the above favourite result, sengtivity andyssis conducted.

Thisisfirgly done by changing the vaue of benefit and cost by +10% and —10%.

Table 22.2.7 Sengitivity Analysis of the F/S projects

Scenario Best Case Medium Worst
Benefit Change| 10% 0% -10% 10% 0% -10% 10% 0% -10%
Cost Change | -10% -10% -10% 0% 0% 0% 10% 10% 10%
B/C 3.4 3.1 2.8 3.0 2.7 2.5 2.8 2.5 2.3
NPV 49.0 43.2 37.4 47.3 41.5 35.8 45.7 40.0 34.2
IRR 31.5% 29.8% 27.9% 29.6% 27.9% 26.2% 27.9% 26.3% 24.6%

Source: JCA Study Team

It is obvious that even at the worst scenario (10% down of benefit and 10% increase of cost),
the indicators are positive to show the project’s feashbility (IRR=24.6%).

In addition, switching value index of benefit and cost are calculated in order to anayse the
robustness of the results. Switching value rates are a changed value of cost (or benefit) at
which IRR of the target project is equal to the discount rate. When the IRR is less than the
discount rate, the project is thought no longer feasible. Thus, the switching value is treated as
acritica border at which the project turnsto be unfeasible.
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Table 22.2.8 Switching Values of Cost and Benefit
Discount rate= 129%

Origind SVI Change Rate

Cost 384 mil. USD 104.7 mil. USD 174.2%

Benefit 281.4 mil. USD 102.6 mil. USD 63.5%

SVI= Switching Vdue Index Source: JICA Study Team
From the above table, it can be said that the F/S projects are unfeasible when cost is increased
a 174% or benefit is decreased by 64%. Since such dtuation is quite unredistic, the
economic feaghility of the projectsis guaranteed as robust.

The same method of sengtivity analyssis conducted for each project as follows.

Table 22.2.9 Results of Sengitivity Analysis of Each Project

hange of IRR Swiching Vaue Index
No Projet ame i wors Coce, pest e | | of et | 2ot |
P-1 | Construction of missing link on Av. Julius Nyerere 32.09 27.9% 36.5% 60.99 259.0%
P-2 | Improvement of Av. Vladinir Lenine 34.6% 30.29 39.39 69.6% 264.0%9
P-3  |Rehabilitation and Improvement of Av. Acordos de Lusaka 46.79 40.8% 53.2% 77.6% 424.1%
P-4 |Rehabilitation and Improvement of Av. Angola 12.49 9.5%) 15.5% 11.59 12.99
P-5 | Rehabilitation and Improvement of Av. Marien Ngouabi 27.29 23.1% 31.7% 55.69 141.4%
P-6 | Rehabilitation of Industrial and Commertia Area Roads 21.09 17.4% 25.1% 42.49 78.09
P-7 | Rehabilitation of Port Area Roads 28.99 24.3Y 34.19 58.3% 151.8%
P-8 |Rehabilitation of Didtrict 1 Area Roads 14.39 11.4% 17.5% 19.39 24.3Y
P9 |Rehabilitation of District 2 Area Roads 15.39 12.3% 18.6% 25.19 34.99
P-10 |Rehabilitation of Didrict 3 Area Roads 26.6% 22.7% 30.8% 52.6% 120.8%
P-11 [Rehabilitation of Improvement of Traffic Management 18.49 15.0% 22.1% 34.19 54.19

Source: JCA Study Team

The sensitivity analysis of each project shows that feasibility of projects of Av. Lusaka, Av.
Julius Nyerere, Av. Leninis highly guaranteed, while projects of Av. Angola, District 1 Area
Roads, and District 2 Area Roads shows some vulnerability in its robustness of feasibility
from the economic point of view.
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22.3 NON-ECONOMIC EVALUATION

One of the criticisms of the economic analysis of road development is its base rationale that
benefits from road development are mainly VOC savings for national economy. In practice,
however, none of traffic engineers or politicians devotes themselves to develop roads in order
to reduce “VOC” for national economy. Rather, in redlity, roads are developed to improve

people’slife

From this comprehensive point of view, this section considers some important benefits that
are not quantifiable into money term, such as “transport benefits for lowincome people”,
“accessibility improvement”, “job creation effect’, “flood protection’, and “emission
reduction effect”.

22.3.1 Transport Benefit for LowIncome People

This road development program is not aiming to produce the economic benefits for national
economy, rather the main purpose is to bring benefits to “people” in Maputo. Especialy, this
study of road development in Maputo has been implemented in the international cooperation
scheme of Japan and one of the key issues of the cooperation is to improvement of the
people’s life in poor condition. Thus, the project evaluation should consider how much
benefit the project would bring to such poor people.

It is very known that most of the low-income people in Maputo use buses for their daily
transport. Therefore, bus time saving can be thought as a direct benefit to the lowincome

people in Maputo.

Figure 22.3.1 Buses as a main transport mode for people
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In a normal economic analysis, however, bus passenger benefits are treated as little as that the
bus passenger time related cost accounts only about 1% of total VOC in the last economic
analysis. This is due to the rationale of economic anaysis to evaluate the project from the
point view of national economy, where low-income people’'s value of time is discounted by
assuming that lowincome people’s time is not as much productive as the high-income

people.

With an analysis of such rationae, it is highly probable that the economic analysis
underestimates the value of the projects for the people in Maputo in redity. Thus, it is
worthwhile to extract the bus passenger time saving as an indicator for positive impact for
low-income people.

By using the traffic assgnment data, the bus passenger time saving is calculated. The

following table describes the benefits of bus passengers of the F/S projects.

Table 22.3.1a Bus Passenger Time Saving of the F/S projects
Base Year: 2007

Annual B_us Tota'al Cost Efficiency
_ Pessenger Time (‘000 Ratio
No. |Project Names Saving (hour) USD)

(A) (B) (A)(B)
ALL |All Projects 4,567,512 31,278 146.0
P-1  |Construction of missing link on Av. Julius Nyerere 736,214 4,731 155.6
P-2 Improvement of Av. Vladinir Lenine 103,031 155 662.8
P-3  |Rehabilitation and Improvement of Av. Acordos de Lusaka 993,236 1,910 520.0
P-4 |Rehabilitation and Improvement of Av. Angola 92,468 2,129 43.4
P-5  |Rehabilitation and Improvement of Av. Marien Ngouabi 170,328 1,591 107.1
P-6  |Rehabilitation of Industrial and Commertial Area Roads 34,253 2511 13.6
P-7 Rehabilitation of Port Area Roads 512,827 1,684 304.5
P-8  |Rehabilitation of District 1 Area Roads 634,373 3,942 160.9
P-9  |Rehabilitation of District 2 Area Roads 10,534 4,179 2.5
P-10 |Rehabilitation of District 3 Area Roads 802,045 4,785 167.6

Source: JCA Study Team

According to the results in the above table, the projects which have significant impacts on bus
passengers are not only trunk road such as Av. Lusaka or Av. Lenin, but also some area road
projects such as projects of Port Area Roads, Didtrict 3 Area Roads, District 1 Area Roads.

It is interesting to see that the area roads projects, which tend to be evaluated less than trunk
roads in economic andys's, have competitive effects on bus passengers' travels.
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VOC saving is also an important indicator in the sense that a high VOC including fuel
consumption is anticipated to push up bus fares in long run and it surely affects especially the
low-income people. Thus, VOC saving can be regarded as one of indirect benefits for the
low-income people in Maputo.

Table 22.3.1b Bus VOC Saving of the F/S projects

Ba2 Year: 2007
Annue?l BusVOC]| Tota Cost Efficiency
) Saving (‘000 (Mil. Ratio
No. |Project Names LISD) 11SD)
(A) (B) (A)(B)
ALL |All Projects 791.9 313 25.3
P-1  |Congtruction of missing link on Av. Julius Nyerere 292.0 4.7 61.7
P-2  |Improvement of Av. Vladinir Lenine 91.8 0.2 590.5]
P-3 Rehabilitation and Improvement of Av. Acordos de Lusaka 314.7 1.9 164.8|
P-4  |Rehabilitation and Improvement of Av. Angola 101.5 2.1 47.7
P-5 |Rehabilitation and Improvement of Av. Marien Ngouabi 47.1 1.6 29.6)
P-6  |Rehabilitation of Industrial and Commertial Area Roads 168.7 2.5 67.2
P-7  |Rehabilitation of Port Area Roads 270.0 1.7 160.3
P-8  |Rehabilitation of District 1 Area Roads 91.7 3.9 23.3
P-9  |Rehabilitation of District 2 Area Roads 15.8 4.2 3.8
P-10 |Rehabilitation of District 3 Area Roads 241.1 4.8 50.4

Source: JCA Study Team

This table is also indicating that area road projects such as port area roads have competitive
impact on saving VOC of Bus against mgjor trunk road projects.

This competitive importance of arearoad projects tends to be underestimated in conventional
economic analysis, even though its impact is much more related to the low-income people in
Maputo, which should be amain target group of the development project.

Therefore, it indicates that area roads development should be paid the same respect as the
benefits for common people in Maputo.
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22.3.2 Accessibility Improvement
1) Benefited Population

Road development surely improves the accessibility of the population embedded with road
sdes. The influenced population who will receive the benefitsis calculated by aformulaas,

Benefited Population = (Project Road Length x Accessible Area to Bus Stop) x Population Density
The results are shown in the following table.

Table 22.3.2 Influenced Population in Accessibility |mprovement

Project | Accessible Population . P/ Cost
Name of Road Road areato bus| ;rn;:;e(nrg density P?pug::)m (009)
Length(km) | stops(m) (persontha)| P& USD)
i AV, JiissNverere 6.7 300 14038000] 169 68242 | 11,4037
8 |2Aav.Viadimir Lenine 33 300 1980000] 169 33462 |2163384
@]
€  [3AV.AcordosdeLuskaand 28 300 |16s0000| 169 28392 | 149458
x Av. Guerra Fonu(ljar
3 4.AV. Angolaand RuaS.
E iy mo e 37 300 |2220000] 169 37518 | 17,6006
5 AV. Marien Noouabi 26 300 115600001 113 17628 | 11.059.4
ISP i -
g g |-ndustria and Commercid 6.0 300 |3600000| 234 84240 | 334498
3 § Area Roads
S = |2.Port AreaRoads 39 300 |2340000] 113 26442 | 156534
% 5 4 | 1.District 1 Area Roads 87 300 |5220000] 113 58986 | 14,9214
3 < § [2District 2 AreaRoads 10.2 300 |6,120000] 234 143208 | 342206
@~  |3District 3 AreaRoads 95 300 |5700000] 169 96330 | 20,2381
Source: JCA Study Team

It is remarkable to see the highly influential projects are projects of Area Roads, especially
Didtrict 2 Area Roads project is the highest project in terms of benefited population Sze.

2) Accessibility of Public Facilities
Accessibility improvement of public facilities is a key indicator of what road development

upgrades people’s welfare in society. Following illustrations are describing the accessibility
improvement of hospitals, police sations, and fire sations by the F/S projects.
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Figure 22.3.2 Improved Covered Area of 5 Minutes Vehicle Transport from Hospitals

Red circles indicate the current covered area in which hospitals vehicles can reach within 5
minutes at speed of 10 km/h, thus the area out of red circles is the area of which people can
not receive emergency medical service. By the road widths widening and other rehabilitation,
the speed is expected to increase to 40km/h. The green zone indicates a new covered area of
medica service with such improvement.
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Figure 22.3.3 Improved Covered Area of 5 Minutes Vehicle Transport from Police Stations

The same method is applied to illustrate the accessibility improvement of police station by
the F/S projects. Out of the circles indicate the area in which the police can not reach within 5
minutes in the current situation (the speed is 10 km/h). The yellow area is the new accessible
areas of the police by the F/S projects.
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Figure 22.3.4 Improved Covered Area of 7 Minutes Vehicle Trangport from Fire Station

Currently there is only one fire station in Maputo. With the same method to calculate the
accessible zone, it can be said that the fire engine vehicles can reach the most of the inner city
areawithin 7 minutes, asindicated in green zone, after the F/S projects are implemented.
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22.3.3 Job Creation Effect with Construction and M aintenance

The F/S projects implementation has to employ skilled and unskilled workers in Maputo.
With high unemployment rates of nearly 20% (it may be 50% among |ow-income population
who are mostly unskilled), the job creation effect with the construction of the F/S projects
must have a sgnificant impact on their life.

Hereis an estimate of the number of workers required to commence the F/S projects.

Table 22.3.3 Job Creation Effect of the F/S Projects

. . Skilled Unskilled
Project Superviser Woker Worker Total
- Link with Av. J. Nyerere 2,322 36,306 48,105 86,733
- Av. V. Lenine 69 423 816 1,307
- Av. A. Lusaka 946 5,765 11,126 17,837
- Av. Angola 1,102 6,722 12,972 20,796
- Av. M. Ugouabi 770 4,694 9,059 14,523
- Industrial/ Commercial Areal 5,533 40,219 57,189 102,941
- Port Area 895 4,101 12,146 17,142
- Digtrict 1 Roads 1,184 6,352 15,165 22,701
- District 2 Roads 2,387 24,954 35,752 63,093
- District 3 Roads 2,357 43,214 62,285 107,856
- Traffic Management Facilitiq 2,409 7,266 3,354 13,029
Total 19,974 180,015 267,969 467,958
Source: JCA Study Team

The most significant projects with job creation effect are among Area Road projects such as
Digtrict 3 Roads project, Industrid/ Commercia Area Roads project, etc.

More attention should be given to the category of “Unskilled Worker”, because most of the
low-income people tend to be unskilled.

Other additional effect from this job creation effect is to improve the skills of such unskilled
workers. It is anticipated that workers without any specia skill will acquire some practical
skills related to road works through the projects.
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22.3.4 Flood Protection

In the rainy season, flood problems are frequently witnessed in Maputo. The main factor of
the flood problem is the inadequate facility of drainage system. The F/S projects contain the
road-sde drainage facility to deal with floodwater and it surely improves the Situation.

Estimation of benefits of such flood prevention is hard to do since most of damages by flood
are difficult to be quantified. They are deterioration of property including house and facilities,
obstruction of business, spreading of water-related diseases, causation of heavy erosions, etc.

It may be argued that area road projects such as district road development projects and the
commercia area roads project will play a more important role than trunk roads projects in
flood protection, because the influenced people size beside roads can be a proxy indicator of
protected population directly by the drainage facility of the project roads. It is, however, very
difficult to conclude in such a way, since the water flow of flooding has to be calibrated to
eslimate the exact effect, and it is out of issues tregtable in this chapter.

Besides, the flood surely affects the transport. The flood on roads obstructs the traffic flow
and it incurs unnecessary detour or reduction of speeds that results in an increase of VOC
(Vehicle Operation Cost). The phenomenon is similar to the traffic congestion by decreasing
of road width and speed limit. If the road network with a proper drainage can prevent the
flood and improve the traffic flow, the benefit can be traced by caculating the VOC.

Traffic assignment is conducted with “arainy day’ network, of which the condition of linksis
modified, for “with drainage” and “without drainage”. With the same method in economic

andysis gpplied, the benefits are calculated as follows.

Table 22.3.4 Road User’s Benefit by Drainage System of the F/S Projects

Bae Year : 2007
PCU-km PCU-hour VOC Saving
Saving Saving (USD)
21,260 9,953 9,029
Source: JCA Study Team

Even though the benefit should be treated as a specia case in the sense that this benefit is
accrued only in a rainy day and a few days to follow, the VOC saving effect of drainage
facility with roadsis as high as about 9 thousands USD for arainy day
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22.3.5 Emisson Reduction

Reduction of travel distance and increase of travel speed by the F/S projects will contribute to
aleviate the emission from vehicle, which contains some poisonous substances such as
carbon oxide (CO), nitrogen oxides (NOx) and carbon dioxides (CO2).

The estimated reduction level of emisson by the F/S projectsis described as follows.

Table 22.3.5 Emission Reduction by the F/S Projects

Unit: tons
Substances A””\‘(J:'ar S;Ig(l)r;g in Ann\l{l:lar Sg(\)/igg in
co 239.9 305.0
NO 17.2 18.9
co2 135.4 173.6
Source: ACA Study Team

There are some studies to estimate the economic cost of the air pollution and to calculate the
benefit, however the unit price of the pollutants are varied very much among such studies and
it is not possible to conduct a consistent economic evaluation with such immature figures at
this moment.

Rather, this issue should be considered at a broader context in the global concern on
environment. Currently, global warming is a serious concern addressed in a lot of
international and national conferences. It is well known that CO2 is a key factor of global
warming, and every country including Japan is now obliged to make every effort to aleviate
the problem. As the F/S projects certainly improve the emission level of CO2, this project is
no longer a simple plan of transport improvement, rather it can be one of the tangible means
to stop the globa warming for long run.
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224  FINANCIAL ANALYSIS

22.4.1 Financial Capability of the MCM

According to the financial reviews of the MCM, the financia capability of the M/P has been
estimated as follows.

Table22.4.1 Estimation of Financial Capability of the MCM

Base Year:2000
Scale Amount (Mil. USD)

The whole budget of 8.0
the MCM '

Budget Allocation for 7 55
road-related ingtitutions )

Investment Budget of 7 3.0
road-related indtitutions '

Investment Budgget of 2 16
road-related ingtitutions '

Executed projects related 0.4
to urban road '

Source: “ Budget report 1999’, “Plan 2000’
and“ 2" Revision of Plan 2000”

The financial capability for the road development and maintenance is estimated roughly
around1.8 million USD (including the salary budget). It is, however, too optimistic in practice
to assume al of this capable fund can be used for the project, because this is an estimated
number on the budget plan. In addition, the pessimistic estimation of the road budgets which
account only costs of the actually executed project, shows less than 0.5 million USD. (Details
can be learned in Chapter 2.4.)

Moreover, it is noted that this estimation is based on the average exchange rate of year 2000,
which is 15,237 Meticas for 1 USD. Currently, the average exchange rate is worsen to around
20,000 Meticas for 1 USD. By taking the effect of exchange rate into account, the financial
capability of the MCM would be much lower than estimated.

Currently, the MCM isin the course of establishing a more reasonable budgetary system, and
no reliable financial data more than the data used in Chapter 2.4 does not exist. According to
the series of discussions with the MCM'’s financial officers, however, it is assured that around
0.5 million USD at the price level of year 2001 (around 10 hillion Meticas) would be
available for the project implementation that seems to be plausible from the table.
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22.4.2 Financial Requirement of the Project Implementation

Cash flow of cost requirement of the project implementationis formed as follows.

Table 22.4.2 Cash flow of cost requirement of the projects

Unit: Million USD at Y ear 2001 Price

Code Category TOTAL | 2002 | 2003 | 2004 | 2005 | 2006
A1-1 |Construction Cost 29.1f 0.0 8.0 90 6.2] 5.9
A1-2 [Structural Strengthening Cost 0.6/ 0.0 00 03 03 0.0
A1-3 |Compensation Cost 0.8/ 04 03 01 00 0.0
A1l-4 |Relocation Cost 071 01 04 03 00 0.0
A1-5 |Engineering Cost 29| 0.2 1.1 038 05 03
Al1-6 |Contingency Cost 29 0.0 0.8 0.9 0.6] 0.6
Al-7 |Administration Cost 03] 01 01, 0.1 00 0.0
Al Sub-Total of Construction 373 08l 1071 114 76 6.9

A2 Routine Maintenance Cost 10 0.2 0.2 0.2 0.2 0.2
A3-1 |VAT for Materials 10 03] 03 02 02 00
A3-2 |VAT for Fuel and Oil o5 014 02 0214 014 o0.0
A3 |Sub-Total of VAT 15| 04 05| 03] 03] oo
Grand Total (A1+A2+A3) 398 14| 113 119 81 7.1

Source: JCA Study Team

Regarding the total cost requirement compared with the available budgets (0.5 million USD),
it is gpparent that the MCM has to find other funding source.

Currently, the average interest rate of the banks for lending has been set as high as around
37%. It is unrealistic to expect any form of loan applied to implement the projects for the
MCM, which is till suffering from the lack of funds and the lack of capacity on handling
financid arrangement even in routine projects.

Therefore, since the road project in the growing capital city is a key factor for national
development of Mozambique, this project can expect the international funding sources. In
consideration of forms of funding, the grant scheme must be mostly favorable rather than a
loan scheme by regarding the current financia situation of the MCM, which does not have
any religble source of funding like fud tax.
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Even though a main portion of costs such as construction cost is expected to be funded by
external sources such as agrant, it is common that some parts of costs especially resettlement
related costs, maintenance cost, and VAT codts are covered by thelocal government.

By taking the shares of financial responsibility stated above, the cost that the MCM has to
financeis calculated as follows.

Table 22.4.3 Cash Flow of the MCM s Financial Responsibility.
Unit: Million USD &t Year 2001 Price

R%pgf”;g it code Category TOTAL | 2002 | 2003 | 2004 | 2005 | 2006
Al-1 [Construction Cost 291 00} 80l 90 62 59

Al1-2 |Structural Strengthening Cost 06f 00] 00 03 03 00

o A1-3 |Compensation Cost 0.8 0.4 0.3 0.1 0.0 0.0
o Al-4 |Relocation Cost 0.7 0.1 04 0.3 0.0 0.0
Al-5 |Engineering Cost 20| 02 11 o8 o5 03

Al1l-6 |Contingency Cost 29] 00] 08 09 06 06

o Al-7 |Administration Cost 0.3 0.1 0.1 0.1 0.0 0.0
Al |Sub-Total of Construction 373 osl 107l 114 76 6.9

o A2 |Routine Maintenance Cost 10 0.2 0.2 0.2 0.2 0.2
o A3-1 |VAT for Materids 1.0 0.3 0.3 0.2 0.2 0.0
o A3-2 |VAT for Fud and Qil 05 0.1 0.2 0.1 0.1 0.0
A3 |Sub-Total of VAT 15| 04 05| 03] 03] oo

Grand Total (A1+A2+A3) 398 14| 113 119 81 71

Cost Requirement for the MCM

R%pgf”;s' it coge Category TOTAL | 2002 | 2003 | 2004 | 2005 | 2006

o A1-3 [Compensation Cost 08 04] 03 01 00 00

o Al-4 |Reocation Cost 0.7 0.1 04 0.3 0.0 0.0

o Al1-7 |Administration Cost 0.3 0.1 0.1 0.1 0.0 0.0

o A2 |Routine Maintenance Cost 10 0.2 0.2 0.2 0.2 0.2

o A31 |VAT for Maerids 10/ 03] 03 02 02 00

o A3-2 |VAT for Fud and Qil 05 01] 021 01} 01 00
Total for the MCM's

Responsibility 4.3 12 14 0.9 05 0.2

Rate in Grand Tota 11%| 8699 1294 8% 7% 3%

Source: JCA Study Team

It is estimated that the MCM has to prepare around 1 million USD (worth around 20 billion
Meticas a year 2001 price level) for the project implementation in every year.
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22.4.3 Financial Arrangement

According to the cash flow analysis above, it is obvious that there is still a shortage of own
funding to cover the required costs by the MCM’s road budget. In order to fulfill the lack of
funding, the MCM should request the return of the fuel tax paid by vehicle drivers in Maputo.
According to the financial review, it is estimated that roughly 22 million USD worth of fuel
tax would have been paid by the drivers in Maputo in year 2000. Even thought the fuel tax
revenue from Maputo's drivers counts more than 30% of the total, the fuel tax revenue has
not been used for the city road development of Maputo.

It is learned that currently the MCM is starting to negotiate the fuel tax refund with the
national government and the progress is highly expected according to the discussion with the
Mayor of Maputo. Therefore, the financial arrangement considers the fuel tax revenue is
available as one of financia sources.

Financia arrangement of the F/S projectsis formulated as follows.

Table 22.4.4 Financial Arrangement (at fixed pricelevel of year 2001).

Unit: mil. USD
Year 2002 2003 2004 2005 2006 TOTAL
Cogt Required from
the MCM 1.2 14 0.9 0.5 0.2 4.3
FromtheMCM's | g 05 05 05 0.2 22
own budget
From Fued Tax
Refund 0.7 0.9 0.4 0.0 0.0 2.1
Other Source of Finance
(International grant) 0.2 9.9 10.9 7.6 6.9 355

Source: JCA Study Team

It is remarked that year 2002 is the critical year for feasibility of the project implementation,
since the MCM has to prepare 1.2 million USD but the negotiation of the fuel tax refund
would take a long time to make a dedl. In generd, the internationa grant scheme does not
support financialy for filling such gap for house compensation, maintenance costs, etc. Thus,
the MCM has to make their utmost effort to prepare the fund of 1.2 million by their own with
limit of time. It is strongly recommended that the MCM should take a prompt action by all
mesans for the preparation of the required fund of year 2002.
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22.4.4 Risksand Minimizing Measuresfor Financial Arrangement

There are always risks to obstruct the progress of projects especialy in financial issues. Not a
few plans to be thought as good have been abolished because of failure of financial
arrangement. In order to mitigate such risks, a risk analysis is conducted and mitigation
actions are stated.

Risks consdered are;

1.

Financing from the MCM is not enough (or not available) especialy at the first
yedr.
Negotiation with ANE is not successful and fuel tax refund is not possible to cover

the gap.
Financing from the internationa grant is not available or delayed.

For these risks, the MCM isresponsible to prepare for risk minimizing messures as follows.

Establish a special financial management unit for the project, for which an
exclusive full-time manager is appointed to plan and monitor the financial
arrangement efforts stated below.

Scrutinize the MCM’s budget to grasp the available budget for the project.

Hold a series of intensive meetings with ANE and other related organizations to
ensure the fue tax refund.

Establish forma and informal connections with foreign embassies and
internationa organizations to assure various adternatives for international funding.
Establish formal and informal connections with related national level departments
for enabling an internationa donation to be smoothly administered.

Start to consider other sources of funding such as urban tax surcharge, a subsidy
from the nationd government, and establishment of Road Fund.

Be prepared to rearrange the implementation schedule of the project to seek a
possible best solution in case of a subgtantia lack of funding.

As s00n asthe gpecid financia management unit is formed, the MCM should start to “act”
for ensuring the project implementation without any delay.
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CHAPTER 23: MANAGEMENT SYSTEM AND OPERATIONS
231 GENERAL

While the Directorate of Roads and Bridges (hereinafter the DRB) has made every effort to
improve and repair the deteriorated roads, it is difficult to maintain al roads in Maputo. As
a result of the study in Maputo, the Study Team recommended the improvement of Road
Maintenance Management System.

In the field of the road maintenance and repair, the MCM should intend to establish a new
road maintenance policy introducing a privatisation in order to accelerate the effective and
the efficient daily, routine and periodic maintenance of the road as well as maximization of
the national resources.

The one of the components of this project includes the structural strengthening of the
following fields in order to meet the required functions of the new DRB of the MCM for to
introduce the privatisation to the road maintenance.

The Objectives for Improvement of the Road Maintenance System are shown as follows.

- To edtablish a Sustainable Road Maintenance System
- Tointroduce Privatisation for efficient road maintenance
- To drengthen road maintenance capability

23.2 ORGANIZATION OF NEW ROAD DEPARTMENT

23.2.1 Required Road Maintenance

In consideration of the defective conditions of the Roads in Maputo City, the required
maintenance activities to be covered under routine, periodic and emergency maintenance
are asfollows.

- Routine M aintenance:

Required continuoudy on every road

Maintenance Adtivities

Road facilities ingtallation, Road Markings, grass cutting, open ditch cleaning, gravel

patching, dragging, pothole patching and grading
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- Periodic M aintenance:

After road rehabilitation, the serviceability of the pavement surface will be down. Periodic
Maintenance will be done periodicaly.

Maintenance Activities

Re-graveling, reparing rut dragging, repairing shoulders, reseding cracks, surface dressing.

- Emergency M aintenance:

If the roads will be deteriorated by disasters or traffic accidents, etc, the Emergency
Maintenance should be done earlier preventing to increase the damage.

Maintenance Activities caused by disagters

Removd of soilsthat cover the road by alanddide

Embankment of soilsat eroded section by alanddide, etc.

Maintenance Activities caused by Traffic Accidents

Repair of Guard Rails, Traffic Signals, Kerb Stones, Traffic Signs, Street Lights and other
road facilities etc.

23.2.2 Introduction of New Road Department

a) Exigting Problem of the | mplementation Agency

In the present condition, major road rehabilitations as the periodic maintenance are done by
the private companies that made a contract with the DRB. But the road rehabilitations
except major rehabilitations are done by the direct force of the DRB. However, the road
maintenance by the DRB has not done as well because of lack of staffs, availability of the
mai ntenance equipments and the maintenance budget.

Directorate of Municipal Services on Roads and Bridges

| Director of the Services

Cabinet of Technical
Support and Control

Department of Department of
Provisioning Production

Department of
Administration and
Finances

I Materials I Ispection Clerkship
I I Roads Cadastre
Storehouse Technical Data Accountantship

Works

Equipment Human Resources

!

Municipal Council—Organization Chart of the Directorates

Figure 23.2.1 Existing Organization Chart of the DRB
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b) Proposed Organization of New Road Department
The study team recommended the desirable organization of the DRB.
The DRB should atend to the following items;

- Egtablishment of the Road Development Plan
- Evduation of the Road Design
- Management

The find target for the road maintenance system is showing as follows,

Routine/Periodic maintenance should be done by the private enterprise.

The DRB should concentrate to manage and supervise the maintenance activities done by
the private enterprises.

Before the introduction of privatisation, the DRB execute the routine/periodic.

Asdescribed in Figure 12.1.1 and 12.1.2 in Section 12.1.1, Chapter 12, Part A: Master Plan
Study, the recommendable organization of the DRB have been proposed.

| Director of DRB
| | | |
Road Development Road Maintenance ) ) Emergency Maintenance
: . ’ ) ) . Pi M .
Planning / Design Section| | Planning / Design Section rocurement Section anagement Section Section
Chief : 1 Chief : 1 Chief : 1 Chief : 1 Chief : 1
Engineer : 2 Endineer : 2 Engineer: 3 Engineer: 2 Enaineer : 2
(Planning Group) (Planning Group) (Procurement Group) Administrator: 2
(Design Group) (Desian Group) (Inspection Group) Maintenance Team: 3 party
(Evaluation Group) (Before Privataization )

Maintenance Team: 1 party
(Before Privataization)

Figure 23.2.2 Proposed Organization of the DRB

b)-1 Introduction of Planning Section

Stock of Road Inventory Data and utilization of Road Inventory Data

- Egtablishment of Road Development Programme

- Edtablishment of Road Maintenance Programme

Regulation with the municipd directorate of congtruction and urbanization

b)-2 Introduction of Design Section

- Preparation of Design Standard

- Bvduation of Road Design

- Regulation with the Agencies of the Public Utilities
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b)-3 Introduction of Procurement Section

- Preparation of Congtruction Unit Prices

- Database for Specification and Contract documents

- Preparation of short list of contractors and consultants
- Procurement of construction services

- Ingpection of the construction service

- Evdudion of the construction services

b)-4 Introduction of M anagement Section
- Budget Allocation

- Adminigration

- Reguldion of the other municipa

b)-5 Introduction of Emergency Maintenance Section
- Maintenance Patrol

- Emergency maintenance

- Maintenance of equipments

¢) Required Periodic Maintenance

The Maputo city, which consists of 7 Didtricts, has 2,240 roads (excluding Inhaca) with a
total length of 830 km (excluding Inhaca) It consists of 190km(23%) of paved roads and
640km(77%) of unpaved roads.

40km of existing paved road that were selected the short term programme will be improved
or rehabilitated under this project, whereas the length of the roads subject to the
maintenance programme is estimated at gpproximately 150km of paved roads.

The estimated volume of periodic maintenance is shown as follows.
In accordance with the result of the PSI survey, the volume of the routine maintenance for

pothole patching is estimated approximately 5.0% area for the total road area of 150km for
the periodic maintenance.
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Table 23.2.1 Esimated Pavement Ar ea of Each Road Classifications

Road Classification Length(km) | Average Paved Area(m2)
Width(m)*
Trunk Roads 76.4 16.0 1,222,400
Collector Roads 24.2 11.0 266,200
Local Area Roads 47.1 10.5 494,550
Totd 147.7 1,983,150

*Remark: Average Road Width is caculated based on the Road Inventory Data.
Required tota areafor periodic maintenance is etimated at 99,160m2.
(1,983,150m2 x 5%)

Requirement units are based on an average output of 30m2/day, 6 hours work/day, 200days
work/year are estimated respectively with the assumption of 7 yearsterm.
99,160/ (30 x 200 x 7) = 2.4 units.

Therefore, it is proposed that there will be 3 units for carrying out bitumen patching for pot
holes in short term.

The summary of required equipments for periodic maintenance is shown as follows.

Table 23.2.2 Summary of required equipmentsfor periodic maintenance
Equipments Quantity Remarks
(&) Equipments
Tipper Track
Bitumen Sprayer
Asphdt Cutter
Compressor
Roller
Pick up track

N[IN[FININ|W

Supervisory vehicle

(b) Materids
Chipping
Bitumen

Died
Oil/Lubrication

600 m3
60,000 Its.
64,000 Its

1,000 Its

(c) Steffs

I nspector
Foreman
DriversOperators
Helpers

Labours

=
eI
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d) Requirement of Routine M aintenance

Activities to be covered under routine maintenance include:

a) Road Fadlities Ingtdlation

Ingalation of Traffic Sgns, Road Markings and Traffic Lights, etc

b) Open Ditch Cleaning
Open ditch cleaning is done manually or shovel car and involves excavation back to original
invert leve of ditches which have been become slilted up during rain.

c) Pipeculvert Cleaning
Cleaning and Hushing of existing pipe drainage by water jet.

d) Gravd Patching
Patching the pothole involves the replacement of gravel in worn and eroded area of surface
and shoulder of gravel and earth roads.

e) Grading

Grading is the most expensive routine maintenance activity. Light grading is carried out
when the road surface is dry and preferably, heavy grading is done after rain. In determining
the frequency of grading, taking into account traffic and surface type, grading will be two
timesayea.

In dry season, water tanker will be used for spraying water on the roads being improving
with grader and rollersfor the purpose of earth consolidation.

The summary of required equipments for routine maintenance is shown as follows.,
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Table 23.2.3 Summary of required equipmentsfor routine maintenance

23.3

Equipments

Quantity

Remarks

(8 Equipments

Tipper Track

Pothole patching

Water Tanker

Pump

Water Jet

LN

Flushing and cleaning
of the pipedrain

Grader

Grading

Shove car

Cleaning of open ditch

Dump track

Fick up track

N[NNI

Supervisory vehicle

(b) Materias

Diesd

61,00 Its

Gaoline

18,000 Its

(c) Steffs

I nspector

Foreman

Drivers/Operators

Helpers

OO

Labours

[ERN
(o3}

23.3.1 Required Road Maintenance Cycle

ESTABLISHMENT OF MAINTENANCE PROGRAMME

The project roads will need the routine maintenance and the periodic maintenance after 10
years from the completion of the project.
The other roads except the project roads will need the routine maintenance and the periodic
maintenance each 7 years.

The required road maintenance cycleis shown as Figure 23.3.1
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1999 2000 2005 2010 2015 2020
Figure 23.3.1 Required Road M aintenance Cycle
Maintenance Cost

Normaly routine maintenance cos is estimated as follows,

Table 23.3.1 Maintenance Cost

Routine maintenance Periodic maintenance
M aintenance cost M aintenance cost Maintenance
cycle

Project roads annual 1.5% of the| 10% of the construction 10year

construction cost cost
Urban roads except | 1,200USD/km/year 3,600USD/km/7year Tyear
project roads (equivalent to 5%/ (equivalent to 30% of

annual of the | the construction cost)

construction cost)
Semi  urban roads| 600USD/km/year 1,800USD/km/7year Tyear
except project roads | (equivalent to 10% | (equivalent to 15% of

annual of the | the congtruction cost)

congruction cost)

The DRB should make the maintenance programme by considering the above maintenance
cycle and maintenance cog.
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234 PROCURMENT AND INSPECTION METHOD OF MAINTENANCE WORK

The DRB should prepare the following items for execute the maintenance by the private
enterprise.

23.4. 1 Preparation of sandard unit pricefor each work items

In the present condition, the DRB does not have the standard unit price for each work items so
that it isimpossible to make an annua maintenance programme by the DRB.

The DRB should prepare the standard unit price for each work items for themselves.

The standard unit prices should be updated in consderation of the condition of work items.

23.4.2 Preparation of Standard Specification and Contract Documents

The DRB should prepare of the standard specification and contract documents due to manage
the road maintenance efficiency. The data of them should be stocked into the compuiter.

23.4.3 Preparation of Short List of the Contractors and the Consultants

The DRB should evaluate of the contractors/consultants and prepare of the short list of them
due to vitalise of the economic activity. The total cost of the road maintenance will be reduced,
but the quality of the road maintenance will be increase by competition of the each private
enterprises.

235 TECHNICAL ISSUE OF MAINTENANCE WORK

23.5.1 Confirmation of the difference between previous road development plan and
existing condition of roads and traffic volume

It is important to check whether the existing road and traffic condition is adjusted to the
previous development plan or not. The road development planning section of the DRB should
survey the exiging road condition and traffic volume.

If it is identified the difference between the existing road and traffic condition based on the
previous development plan, the DRB should revise the road development plan.
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23.5.2 Design

The DRB has not have the road design standard for urban roads so that it is impossible to
require keeping the design qudity to the consultants.

The road design standard for urban roads should be established by the DRB due to keep the
quaity of the design outputs.

23.5.3 Future Traffic Forecast and Economic Analysis

The future traffic demand will be forecasted using the JICA STRADA model for the target
year on the result of the pavement condition survey and traffic survey.

The economic and financid analysis will be done based on the revised traffic forecad.

In order to run the new road maintenance system effectively, it will be necessary a provision
of budgetary fund of expenditure.

23.6 OTHERS
23.6.1 Congtruction of the Training Room

The DRB should have the maintenance training room due to strengthen road maintenance
capability.
The required sructurd strengthening of the fields is shown as follows.

- Traning of operation for upgrading deta on road maintenance and planning
- Training of theory and practical operation on road maintenance

- Traning of adminidrative and supervise Saff for maintenance works

- Traning of mechanics and operators and technical gaffs

There is enough space to congdruct the training room at the property of the existing DRB.
The space of the proposed training room is necessary approximately 200 n.

23.6.2 Digpatch of the Expert for the Road Maintenance

In consideration of the scarcity of adequate inland trainers, some experts would be invited to
the DRB.

Following five experts expatriates consisting of 1 long term expert and 4 short term experts
for about two years.
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(1) Long term expert for road maintenance

The long-term expert shall assist the DRB staffs in identifying a general work plan for
strengthening of the road maintenance efficiency of the DRB. The proposed scope of work
includes,

a) Work programme, setting out method, management and operation of construction
equipment, labour force requirement, arrangement of construction materias, quality
control, expenditure control of works and cash flow planning consisting with the most
efficient alocation of resources.

b) Establishment of a training programme based on the manpower requirement and
implementation of an effective on the job training.

(2) Short term expert

Thefollowing fields are required for strengthening road maintenance capability of the DRB.
- Road maintenance method

- Congruction method for rehabilitation

- Maintenance programme

- Traficforecast

23.6.3 Ingallation of the Training Equipments

The DRB has not enough equipment for management so that it is necessary to install the
following equipments for maintenance training.

The ingdlations of the computers are necessary a each section of the DRB.

Stock of databases for the followings is very important to manage the road maintenance
efficiency by the DRB.

- Database of the road inventory

- Database of specification and contract documents

- Regidration of the contractors and consultants

- Database of the traffic data

- Database of the Public Utilities

- Database of the Progress Records

The above-mentioned databases will be updated when the data will be changed.
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Table 23.6.1 Required Equipmentsfor Maintenance Training
Descriptions Quantity Remarks
(8 Equipments
Desk top computer
Server
Plotter
Printer
Projector
Video Camera

Each section

R (O1W|F |01

Progress records

(b) Software
Office tool software 5
Cad software

ol

23.6.4 On the Job Training for road maintenance

The capability of the evaluation for a rehabilitation done by the private enterprises should be
srengthen to manage the road maintenance efficiency.

Training of the actual maintenance should be implemented by on the job training by the
contractor. Main training theme is Quality control, Flow control and Quantity control for the
rehabilitation.

23.7 Recommendation
1) Establishment of New Road Department

The new road department (DRB) should be established as soon as possible due to introduce a
privatisation to accelerate the effective and the efficient daily, routine and periodic
maintenance of the road as well as maximization of the national resources.

The new road department should concentrate to manage and supervise the maintenance
activities.

The MCM should introduce the new financial support to the road maintenance cost showing

asfollows.

- Introduction of new tax (city planning tax for District 1, fuel tax, on street parking charge,
subsidy to off-street parking)
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2) Technicd Support for Road Maintenance

2)-1 Supply of Road Maintenance Equipments and Training Equipments

It is necessary to supply the road maintenance equipments and training equipments
recommended by this study for the structure strengthening the DRB to introduce the
privatisation to the road maintenance.

2)-2 Digpatch of the Expert for the Road Maintenance
Dispatch of the experts for the road maintenance is necessary to strengthen the road
maintenance capability of the DRB. The DRB should acquire the fallowing items.

- Theory and practical operation on road maintenance
- Operation for upgrading data on road maintenance and planning

- Adminidrative and supervise gaff for maintenance works

Thetraining room should be congtructed in the property of the DRB.
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CHAPTER 24 : CONCLUSION AND RECOMMENDATIONS
24.1 CONCLUSION

The feasibility study proved that project roads of Package A, B and C are technicaly,
economicaly and environmentally feasible having a high economic interna rate of return of
38.6 %, 20.5 % and 23.0 % with a average respectively.

Therefore the projects should be realized within the earliest possible time, in the following
priority order taking into consideration the functions of the involved roads, especialy early
linking of the missing link of Av. J. Nyerere on trunk road is important and is necessary to
increase the surround economic, to reduce the traffic congestion of other trunk road. However it
IS necessary to arrange house compensations, relocation of utilities and so on. Therefore the
priority order of the project road should be considered through al factors.

Priority Proposed Roads
1 st (Package C). Rehabilitation of pavement and drainage on Industria and
Commercid AreaRoads (L = 6.03 km)
- Rehabilitation of pavement and drainage on Port Area Roads (L =
3.9km)
- Rehabilitation of pavement and drainage on District 1 Area roads
(tota length = 8.7 km)
- Improvement of Bus Bays and Bus termind (23 numbers)
2 nd. (Package A) - New congtruction of the missng link of Av. J. Nyerere
(L =5.6 km)
- Improvement of Av. V. Lenine
- Improvement of Av. A. Lusaka (L = 2.8 km)
- Condruction of the Bustermind at the Combatentes Plaza
- Rehabilitation of pavement and drainage on District 3 Area Roads
(tota length = 9.5 km)
3rd. (Package B) - Widening of Av. G. Popular (L = 0.7 km)
- Improvement of Av. Angola (L = 3.1 km) and S. Cabral/Largo de
Deta (L = 0.6 km)
- Improvement and widening of Av. M. Ngouabi (L = 1.9 km)
- Rehabilitation of pavement and drainage on District 2 Area Roads
(tota length = 8.7 km)
- _Improvement of Intersections in the CBD (14 intersections)
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Table 24.1.1 shows the summary of the project feature for the above roads.

It is noted the following maor benefits and effects are expected to accrue from the
implementation of the Projects.

1) Improvement of Traffic Congestion on the Trunk Roads Networ k

Due to the high rate of the city's expansion as well as the recent remarkable increase of
traffic demand accompanying the economic recovery in Maputo area, the traffic flow on
the city roads has greatly increased and caused serious traffic congestion on the trunk
roads which have insufficient traffic capacity due to having only 2 lanes for the unsuitable
road structure and the deterioration of pavement surfaces.

The Widening of Av. Marien Ngouabi and Av. Guerra Popular from 2 to 4 lanes and the
improvement of Av. Angola and Av. Acordos Lusaka will solve chronic traffic congestion
on the roads in the city. Accordingly, it will improve not only economic and social
activities but dso the dally life of the peoplein the aity.

2) Improved PRSP through Rehabilitation of Local Area Roads

Area roads in Didtrict 2 and Didtrict 3 are amost unpaved and narrow road. Therefore
most of local area roads are impossible to pass smoothly due to lack of drainage system in
rainy season. Such road environment is caused to delay the development and economic
growth of community area.

In order to create a better environment and to enhance economica effect in the existing
Community Area as well as create good access to public community facilities in the
community area, local arearoads should be rehabilitated for improving PRSP.
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Table 2411 Summary of Project Feature

Desian [Carriacewav| Shoulder/ | Sidewalk Utilitv Median Total Drainace
Project Road Speed Width Parking Width Space Strip Width Type House
LaneWidth compensation
(km/h) (m) (m) ) (m) (m) (n)

x @|Av. 1 Nverere 60 3.25 1.25 4.00 2.00 - 22(40) \ required
2 § Av. V. Lenine 50 3.50 0.50 2.00 2.00 - 16 L reguired

" lavalusa 60 3.00 2.00 400 1.00 2.00 28 LIV None
<| g RuadaGoa 40 3.00 - 1.50 0.50 - 10 LU required
s | 8 |RuadaLixera 40 300 - 150 050 - 10 LU required
§ § Av. Milagre Mbote 40 3.0(5.0) - 1.50 0.50 - 8 10 LU required
§ 8 |Av. daMahangalene 40 3.0(5.0) - 1.50 0.50 - 8 12 | LUNIU required
2 RualdeMaio 40 3.00 - 2.00 1.00 - 14 V/U required
& |Rua3306 40 3.00 - 2.00 1.00 - 14 VIU required
O |Rua3523 40 3.00 - 2.00 1.00 - 14 V/U required
——jRUA 3576 40 3.00 - 2.00 100 - 14 V/U reguired
¥ |Av.G. Popular 50 3.00 050 3.50 - - 20 L required

= |Av. Angola 50 3.50 250 4.00 - - 20 L None

& [Ruas. Cabral/l argo de Deta 50 350 2.50 4.00 - - 20 L None
S |Av. Marien Ngouabi(4 lane) 50 3.00 0.50 3.50 - - 20 L required

% (3 50 3.50 2.50 4.00 - - 20 L None
2| ® |Rua2282/2265 40 3.0(5.0) - 2.00 05 10 - 8 14 | LUN/U required
3| £ |Ruazers 40 3.00 - 200 | 100 - 14 VIU required
e % Ruade Xipamanine 40 3.00 - 1.50 05 10 - 10 14 | LUNIU required
g |Rua dos |mans Roby 40 3.00 150 150 - 12 V/U reguired
E |Rua2315/2313 40 3.00 - 15 20|05 10 - 10 14 | LUNIU required
5 |Rua2309/2324 40 3.00 - 2.00 1.00 - 14 V/U required
2 lav dasEgancias 40 3.00 - 1.50 050 - 12 V/U required

Av. J. Michel 40 3.00 1.00 4.00 - - 16 L None

ﬁ |Av_E_de Magalhaes 40 3.00 3.00 4.00 - - 20 L None

2 |Av.Z Magahadla 40 3.00 3.00 4.00 - - 20 L None

8 |av. M. SadBare 40 3.00 2.00 3.00 - - 16 L None

© |Av. Romao Fernandes 40 3.00 1.00 4.00 - - 16 L None

~ |Ruel1229 40 3.00 3.00 3.00 - - 16 L None

Av AsFsancias 40 3.00 1.00 3.00 - - 12 L None

»  |Rue Consigglieri Pedroso 30 3.00 1.00 2.50 - - 13 L None

§ Rue Joaguim L. 30 3.00 1.00 3.00 - - 14 L None

< $§  |Rue do Bagamayo 30 3.00 0.00 3.00 - - 12 L None

| & [RuedeTimor Lege 30 3.00 150 2.00 - - 13 L None

é & |Av. Martires de Inhaminga 30 3.00 4.00 2.50 - - 19 L None

Other 6 roads 30 3.00 0.00 2.00 - - 10 L None

Av. Milargre Mabote 40 3.00 1.50 3.50 - - 16 L None

§ |Av. daMahangalene 40 3.00 1.00 2.00 - - 12 L None

2 |Av. ParaQ Parmar 40 3.00 1.00 2.00 - - 12 L None

8 |av. Kaveme Nigumeh 40 3.00 100 | 200 - - 12 L None

< |Av. Paulo Samuei Kankhomba 40 3.00 1.00 6.00 - - 20 L None

2 |Av. EmiliaDausse 40 3.00 1.00 6.00 - - 20 L None

2 |Av. deMaguiquana 40 3.00 1.00 6.00 - - 20 L None

Av. Filipe Samuel Magaia 40 3.00 3.00 4.00 - - 20 L None

Av. Friendrich Engels 40 3.00 1.00 2.00 - - 12 L None

V: Openditchtype, L:L-shapedtype, LU: L-shapedlid and U-§1aped typé, u: U-sha')ped type
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3) Improvement of Intersectionsin the CBD

In order to increase the traffic capacity on intersection in CBD, some intersections of the
trunk roads should be improved to keep the smooth traffic flow. The following measures
should be established to the mgor intersections.

<Egablishment of Right-turn Lane>

The right-turn lane should be constructed to the major intersections on Av. Mao Tue Tung,
Av. Eduardo Mondlane, Av. 24 de Julho and Av. 25 de Setembro for Av. J. Nyerere, R. dos
Lusadas, Av. Vladimir Lenine, Av. Karl Marx, Av. Guera Popular and Av. daZambia.

<Improvement of Traffic Sgnas>

Signal pattern timing should be adequately adjusted according to the traffic movement.
Furthermore, traffic signals should be established to the un-signaled intersections where
the bus routes cross with the trunk roads.

4)  Improvement of Public Transport Services

Based on the future traffic estimation, future demand of bus traffic would grow rapidly. In
order to enhance the future bus traffic efficiency, the development concepts are as follows.

<Completion of public transport services>
In order to open the public transport services to un-served area, branch bus routes on
collector roads and local area, which should be improved.

<Smoothly bus operation>
In order to operate smoothly buses, it needs to adopt bus lanes on the dual carriageway
road such as Av. Eduardo Mondlane.

<Completion of bus information>
In order to use easily buses for passengers, bus information system should be improved
and information board should be installed at bus stops.

5) Improvement of Bus Baysand Bus Terminals
Bus stopping on carriageway causes traffic congestion problem at Bus Stops due to

shortage of proper bus bay space of the main carriageway. Therefore, corstruction of
properly sized Bus Stop with bus bays and shelters should be needed.
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Existing problem at bus terminals are caused by lack of proper spaces for buses, taxis and
trucks, and market activities. Therefore, existing bus terminas should be equipped with
proper stopping and moving spaces for buses, taxis, trucks and market spaces.

6) Improvement of Roadsides Environment

The population and the traffic volume are steadily increasing every year in Maputo city.
Therefore, in order to reduce the aggravation of environment caused by traffic congestion,
the implementation of the high priority project will bring many beneficia effects on
socio-economic, natura environment and socid environment as described below.

- Egablishment arule of Resettlement

The new construction of the missing link of Av. J. Nyerere and the widening of Av. M.
Ngouabi and Av. G. popular will certainly require the resettlement of houses.

It is concluded that the mitigation measures should include appropriate house
compensation for resettlement, securing places for persons to move to, and to settle
various problems associated with the resettlement.

- Prevention of Air pollution

Unless the existing road conditions and road network are improved, the air pollution will
become much worse due to an incresse of the traffic condition.

It is concluded that the air pollution can be reduce to the level of a nationa standard,
snce the unpaved roads and the traffic congestion will improve and reduce respectively.

- Prevention of Noise and Vibration
Unless the existing road surface conditions are improved, the noise and vibration to the
houses aong the roads will become much worse due to the traffic volume increase.
It is concluded that the noise and the vibration will be reduce to the level of a national
standard, since the deteriorated road surfaces will improve.

- Prevention of Hood Hazard

Overflow of water on the roads including flooded water has been observed in many
places due to damaged roads and insufficient drainage condition.
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It is concluded that the drainage system will be eliminated by improvement of the project
implementation
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24.2 RECOMMENDATIONS

In order to materialize the projects, the Study team recommends that MCM takes the following
actions.

1

2)

Financial M easure Required

According to the cash flow analysis for the projects in Chapter 22, the financial situation
of the MCM is not wealthy enough. In order to conduct surely the projects, the MCM
should congder the following financid resources:

- To ensure the MCM own budgets and the return of the fudl tax during projects activities,
- To ensure the foreign budget for the periodic and routine maintenance, and
- To establish the Road Fund account in the MCM.

Allocation of Local Budget for House Compensation

It is recommended to allocate the necessary amount of local funds for house compensation
and utilities relocation which might be necessary for implementation if the Projects. House
compensation and utilities relocation should be conducted according to the project
implementation schedule asfollows:

Year Schedule of H/C and U/L
1t year (2002)  House compensation on missing link of Av. JNyerere and District
3 local arearoads and Utilities relocation of on Av. J. Nyerere and
Bus Stops and Terminds
2nd. year (2003) House compensation on missing link of Av. J. Nyerere, Av. M.
Ngouabi, Av. G. Populae, Didtrict 2 and 3 local area roads and
Utilities relocation of Av. J. Nyerere, Didtrict 2 and 3 local area
roads
3rd. year (2004) House compensation on Av. M. Ngouabi, Av. G. Popular and
Digtrict 2 local area roads and Utilities relocation of District 2
local arearoads

Furthermore, it is recommended that the land required for the road development should be
controlled by the MCM until the actua development takes place.
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3) Forming a Suitable Resettlement Plan

Resettlement of the residents and workers along the project roads will be required before
the implementation of the projects is started. In order to prevent socia, economic and
environmenta impacts of the resettlement on the residents in advance, it is recommended
that a suitable resettlement plan should be established paying due attention to the
falowing items

- Funding the resettlement compensation,

- Securing places to move the persons to be resettled,

- Ensuring the living Standards in the places to move into, and

- Holding discussions with the residents to be resettled to reach amutua consent.

4)  Improvement of Storm Drainage System

The flooding damage of existing Av. JNyerere was amost caused by the defectiveness of
drainage system in February 2000. Because the type of drainage was the pipe culvert
and the lack of maintenance againgt accumulated sand and solid waste. From such
viewpoints, the following measure should be conducted.

(1) Recommendable Road Drainage System

Road drainage systems of project roads should be considered the following methods.

- U-shaped drain with cover, which can remove for cleaning inside the drainage and can
load directly vehicles, should be used in urbanized area and local area road in narrow
ROW. Its width is narrow and easy to cover with concrete lid shaped flat type or L
type. Pre-cast concrete type will be more preferable for repair.

- V-shaped open drain is made from concrete or stone pitching. The former should be
used to trunk roads in sub-urban area. And the latter should be used to trunk roads and
locdl arearoads.

- K or L-shaped drain is made from concrete blocks or stabilized soil. The former should
be used locd area roads for temporary construction. The latter should be used to local
arearoads in narrow ROW.

(2) Routine M aintenance of Roadside Drainage by MCM and Resident People
Routine / periodic maintenance of drainage facilities, consisting cleaning, repair and
reconstruction of drainage facilities, should be conducted by the new road department of
MCM.
In addition, easy maintenance such as cleaning, dredging, prevention of garbage dumping
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etc., should be done by the resident people. Therefore, enlightenment of such action
should be initiated by district offices in cooperation with the new road department of
MCM.

(3) Improvement of Area Drainage System by MCM
Project for improvement / restoration of local area drainage system should be corducted
by relevant department of MCM. Such improvement project should be proceeded in
parale with the progress of the road development projects.

5) Establishment of DRB Maintenance System

In order to function effectively the DRB by the implementation of the high priority project,
the Study Team recommends to the MCM to establish the following new road department.

- Planning Section

- Design Section

- Procurement Section

- Management Section

- Emergency Maintenance Section
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