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  (Aug. 2013) 
Stretta Vaudetto  
 Mai Serwa Q=200m3/h, H=61m) 

AC D300, L=2.7km) PVC &DCI DN300, 
L=2.7km)  

 Stretta Vaudetto  
Q=180m3/h, H=23m) x 2  

 Stretta Vaudetto 8,000m3/day),   (15,000 m3/day) 
 Stretta Vaudetto (300m3/hr x 3 )  (380 m3/hr H=93m x 4 )  

Toker  
Mai Nefhi  
 Mai Nefhi Sembel (D500, L=16km) D600 DCI
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 Mai Chehot PS  (Q=200m3/hr H=85m) 2  

Denden PS  (Q=170m3/hr H=50m) 2  
 Monopolio Reservoir (300m3 2) , 

Tseterat Reservoir (500m3 2) ,  
Haz Haz Reservoir (500m3 2)  
New Arbate Asmara Reservoir (500m3 2=1000m3)  
Cherkos Reservoir (500m3 2= 1000m3)  

  
PVC DN300 (OD318) L=13km,  PVC DN250 (OD267) L= 7km, 
PVC DN200 (OD216) L=17.3km, DCI DN150 L=3.3km 

 10,000
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%   
Anseba 307,389 434,994 71
Debub 560,380 794,538 71
Gash Barka 506,035 735,977 69
Maekel 611,470 625,667 98
S.K.Bahri 265,339 374,086 71
D.K.Bahri 51,703 70,343 74

 2,302,316 3,035,605 76
, 2012  

 

40 l/c/d 20l/c/d
 

 

   
 674,953 430,837 1,105,790

 2,422 Nakfa 743 Nakfa 3,165  Nakfa
, 2012  

 

67 1 20
 

98% 1 40 
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UNICEF 2013 2016
6 4 40

11 25
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1
A 18 19-21  15.75

4
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403 2014 35,483
1,000 11.4 5
AWSD  
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1,000 7.7  
- AWSD

 

 

AWSD Zoba AWSD
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2006 FS

 

 
AWSD  4  

 /   
 Renualt (France) 1

 Lulong (China) 1
 Fiat 110 (Italy) 1

WD Toyota Hilux 4WD 1
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2015 13 427,429
13

Daero Paulos
MaiNefhi 3

427,429 Daero Paulos 6,900
434,329  

9 44,000 AWSD
 

 30km2

 

 
AWSD 2014  

 

Sub-Zoba 2008 Census 2015 Census
Annual

growth rate
1. Paradiso 29,442 32,457 1.0140
2. Maitemenai 24,482 24,257 0.9987
3. Edaga Hamus 32,179 34,016 1.0080
4. Akiria 51,182 55,057 1.0105
5. Abazhawl 40,342 40,957 1.0022
6. Arbate Asmara 35,197 34,484 0.9971
7. Tsetserat 19,851 22,532 1.0183
8. Maekel Ketema 21,312 21,868 1.0037
9. Tiravolo 20,955 21,260 1.0021
10. Geza banda 36,306 36,092 0.9992
11. Sembel 16,861 20,076 1.0252
12. Godaif 43,280 44,645 1.0044
13. Gejeret 39,487 39,728 1.0009

410,876 427,429 1.0057
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  2014  
1.   434,329 427,429 + 6,900
2.   409,329 434,329 – 25,000

  339,472 409,329 – 69,857
 69,857 339,971 × (3/4) × 1000/365/10

3.  23,286 339,971 × (1/4) × 1000/365/10
4.   35,483  

  29,722
  5,761  

5.  m3/year 2,611,509 7,155 m3/day 
 m3/year 1,552,317
 m3/year 519,144  

m3/year 339,971  
m3/year 200,077  

6. m3/year 6,659,541 18,245 m3/day
Stretta Vaudetto WTP m3/year 756,575
Toker WTP m3/year 2,740,396
Mai Nefhi WTP m3/year 3,162,570

7.    ((6. -5.)/6.) × 100 % 61
AWSD  

 

 

 

 
13 427,429 Daero Paulos

6,900 434,329  

 
Water Resources Department WRD AWSD

2014 WRD
13 550

30
200 lit 20 1

20m3

 

20 × 20m3  = 
400m3/ 1 10 lit 4

 

AWSD
AWSD

AWSD
2.5 434,329  25,000  = 

409,329 94%  
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- 339,971 m3/year 3/4
1/4

AWSD  
- 1 1 10 l/c/d  

 

 

- 339,971 × (3/4) × 1000 / 365 / 10 (l/c/d) = 69,857  
- 339,971 × (1/4) × 1000 / 365 / 10 (l/c/d) = 23,286  

 
2014 409,329  

69,857  339,472 34  

69,857
1 Akria Arbate Asmara

Gezabanda Mai Chohot Godaif Kawhata 1 AWSD
35 34  + 1

35 29,722
1 11.8 2-3 AWSD

 

 

1 1  
2014 1 7,155 m3/day  

2013
5 1.26

 

1 1  
2014 1,552,317m3/year

339,472 1 1 12.5 l/c/d
 

AWSD RO

7 1 30m3/

210m3/ 1 150m3 1.5 l/c/d 10
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Stretta Vaudetto S.V Mai NefhiTokor
Toker

 

 
AWSD  

25 1 4 - 10
Sembel 1 16  

   
Toker  

1 Maitemenai, Edaga Hamus, Vilaggio, Adi segdo, Paradizo, 
Embagaliano 

5  

2 Abashawl+shuk, Around Saint Mary Church 3  
3 Center Town (Marcato) 3  
4 Taba ( Cinema Roma + muagna) 3  
5 Monopolio + Mufti 3  
6 Denden Camp (Algien + Tsetserat) 3  
7 Alformaio 3  
8 Around San Francesco Church 3  

26  
Stretta Vaudetto  

9 Haz HAz, Mihram Chira, Viya Jida 3  
10 Akria (Left, Right) 3  
11 Akria (Saint Gebriel church), Edaga Arbi 3  
12 Around 2nd Police Station (Hadish Adi), Geza Brhanu  

(Geza Banda Habesha) 
3  

13 Arbaete Asmara, Debozito 3  
15  

Mai Nefhi  
Mai Nefhi WTP – Sembel PS  

14 Daero Paulos 3  
Sembel PS Godaif PS  

15 Kehawta 6  
16 Geza Banda (Adis Alem) 6  
17 Mai Chihot 6  

18  
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Sembel PS  
18 Space, Enda Germen 3  
19 Enda Shewit, Michael Tedros 2  
20 Jekaranda, Space 1 4  
21 Tiravolo, Campopolo 3  
22 Around Asmara Brewery, Around Enda Kisha 3  
23 Barjima, Gejeret, Around Enda Nora (Lime Factory) 4  
24 Godaif 3  
25 Sembel+Dembe Sembel  

22  
AWSD 

 

9 10-13
9 3 10 9

12 9 1
2 3

 

1, 5, 6 Haz Haz, Tsetserat, Monopolio
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AWSD  
AWSD Administration of Zoba Maekel Tigrinya

  

   
A.    
B.  

 
 2014  

kg  
2014  

C. Toker   2013  
D.    
E.  AWSD

1.5Nakfa/m3

45Nakfa/m3

 
F.   2013  
G.  

 
AWSD

 
H.  2013 11 2014 6  

 
 

2013 2014  

 
AWSD 2013 2014   

 2013  2014  
 93 16

 99 91
GI PVC  207 108

 782 422
AWSD  

 

AWSD AWSD
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 m3  kg kg  
Stretta Vaudetto  1,126,855 30,900 2,373
Toker  3,929,120 91,072 6,869
Mai Nefhi  3,654,972 51,000 19,470

AWSD  
 

 m3  kg kg  
Stretta Vaudetto  756,575 15,100 1,413
Toker  2,740,396 80,500 5,450
Mai Nefhi  3,162,570 51,600 15,760

AWSD  
 

Toker  
2013 Toker  

2014  

m3  litter  
4,178,520 949,900 

AWSD  
 

 
  

 
AWSD
  

 2013  2014  
m3

Nakfa  
m3  

Nakfa  
AWSD 54,126 1,539,015 42,528 1,698,203

 121,882 2,316,480 106,356 1,359,232
 46,684 562,374 51,443 617,304

 640,584 960,449 339,971 509,581
 863,276 5,378,319 540,048 4,184,132

AWSD  
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AWSD    

   

   

  
 

1.5Nakfa/m3 45Nakfa/m3

 

 
2013 2013 1 33,609 2013 11

33,923  

 
AWSD  

 

 2013  2014  
Nakfa  % Nakfa  % 

 724,384 5.0 596,404 2.8
 516,632 3.5 7,780,779 36.3

 213,871 1.5 680,341 3.2
 12,020,205 83.0 12,061,006 56.2

 995,680 6.9 324,625 1.5
 14,470,775 100.0 21,443,157 100.0

AWSD  
 

2014
16 Daero Paulos 960

 

 
2013 11 2014 6 1

 

AWSD  
AWSD 2012 2014   
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 2012  2013  2014  
 (Thousand

Nakfa) 
% (Thousand

Nakfa) 
% (Thousand 

Nakfa) 
% 

 17,971 35 23,154 31 20,693 24
 21,175 41 12,678 17 11,665 14

 5,017 10 5,377 7 4,183 5
7,388 14 33,608 45 44,744 52

 0 0 37 0 4,449 5
51,551 100 74,854 100 85,734 100

       (Thousand
Nakfa) 

% (Thousand
Nakfa) 

% (Thousand 
Nakfa) 

% 

 6,726 12 6,891 16 6,113 11
 15,387 29 8,069 19 7,286 14

Tokor  24,941 46 17,287 40 16,977 32
AWSD  861 2 1,158 3 1,039 2

 266 0.5 1,244 3 1,252 2
 1,119 2 3,585 8 13,265 25

 4,054 8 2,462 6 3,888 7
 579 0.5 2,304 5 3,835 7

53,963 100 43,000 100 53,655 100
2012 2014  

 

2013 2014
2013 2014

2014 Daero Paulos
960

 

Toker 
 

AWSD 2015
 

 
AWSD  2003 11

 

Tariff Zone 1 Zone 2 Zone 3 Commerce 
Meter rent 50 40 30 50
Unit price by m3  

1-10 m3 5 4 3 15
10-20 m3 7.5 5 4 20
20-30 m3 10 7.5 5 20
30-50 m3 15 10 7.5 20
> 50 20 15 10 20

AWSD 
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AWSD  

3 1 AWSD
4 7

 

2003 5 IMF World Economic 
Outlook Database  

AWSD   
AWSD 2014

  

  
1.  

1.1 61,000m3/day  
1.2 Group B Group A 

 

 
 

 
 

2.  
2.1 25% 40  
2.2 15%  

 
 

 
 

3.  
3.1 4  
3.2  

4  
 

 
 

GIS  
AWSD 

 

AWSD
AWSD

 

AWSD AWSD
 

-  
-  
-  
- Toker  

 

ASWD  
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S.V Toker Mai Nefhi  

 
 

 S.V
Toker Mai Nefhi  
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FS  
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1) 

2) 3)  
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Stretta Vaudetto S.V  
S.V  Adi Sheka  Mai Serwa

Strretta Vaudetto
 

 
 

 

 
S.V   

AWSD Adi Sheka Mai Serwa  S.V
Valle Gnecchi Ela Nahib

Beleza
EEC AWSD

 

3 Valle Gnecchi Ela Nahib Adi Sheka

 

S.V 0.1 /
 

S.V 61%
 

 

AdiSheka

P
StrettaVaudetto

P

(Pump)
(gravity)

(Pump)MaiSerwa

P

(Pump)
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S.V   

 
 

 

S.V   

 
 

 

NaOH
ALUM

2

2

1

1
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S.V 1941
 

-  
- ALUM

 
-  
-  
- 

 
- 

 
- 1m3/  
- 5cm  
-  
-  
- Adi Sheka

2  
-  
- 500m3/ 1 10

 
-  
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Toker  
Toker  Toker  

 
 

 
Toker   

Tekor

P (Pump)Toker

P

(Pump) P

Hazhaz Monopolio

Tsetserat

P

Denden

MaiChohot



 

36  

 
 

 

Toker 2002
 

 
Toker   
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FAP
CAP
Pac
ALUM
NaOH
KMnO4
Carbonn

ALUM
CAP

1

2

PAC
KMnO4

2

KMnO4
NaOH
Cl2
ALUM

Cl2
FAP

FAP

PAC

2

Cl2
NaOH
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Toker 2002
 

-  
- 2007  
- 2002 ALUM

 
- ALUM  
- 2009  
- 18,000m3/ 9,900m3/ 990m3/  × 10

  
-  
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Mai Nefhi  
Mai Nefhi  Mai Nefhir

16km New Sembel 3000m3

 

 
 

 
Mai Nefhi   

 
 

 

Mai Nefhi

 

 
Mai Nefhi   

MaiNefhi

MaiNefhi
P

Sembel

P (Pump)

P
Godaif
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Mai Nefhi   

 
 

 

Mai Nefhi 1967
 

 

Lime
ALUM
Polymer

1

1
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-  
- 20 ALUM Lime 2000

ALUM Lime Polymer
1 ALUM

 
- 

 
-  
-  
-  
-  
-  
-  
-  
-  
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-  
-  
- 50-60  
-  
- Toker

 
- pH EC Adi Sheka S.V

Toker Mai Nefhi WRD 1  
-  
- S.V 32

61%  
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Toker CAT

AWSD

 

- 50-60  
- Toker

 
-  
-  
- AWSD

 
-  

 

AWSD PC  

 
 

S.V  

S.V AWSD
ALUM

pH AWSD  

AWSD

50-60  

Mai Nefhi  

ALUM

1995
pH  

AWSD
3 3
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50-60
 

Toker  

2007

AWSD
 

Toker
 

AWSD
AWSD 2002

30 6 OJT
pH

 

3  

- 3  
-  
- 50-60  
-  
-  

Toker 1 6 OJT  
- pH EC

WRD 1  
-  
- AWSD

 
-  

 
PC

 

- 50-60  
- S.V

Mai Nefhi  
-  
-  
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- AWSD
 

-  
-  

 

ON OFF
 

- 50-60  
-  
-  
-  
-  
-  
- AWSD

 
-  

 
F/S AfDB 2006

PC CAD

4
 

- 50-60  
- 

 
-  
- 

 
-  
-  

 

PC
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2 3

AWSD
 

- 50-60  
-  
- 2000  
-  
-  

 

 
-  
- 50-60  
- 

 
-  
-  
-  
-  

 
-  
-  

 
-  

 
- CAD  

F/S AfDB 2006 CAD
 

-  
F/S AfDB 2006 CAD

 
 

 

- Toker CAD  
- S.V  
- Mai Nefhi  
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- Mai Nefhi New Sembel PS  
- New Sembel PS  
- F/S AfDB 2006 CAD  

 
 

- Toker Technical Memorandum 

 
- AWSD  
-  

 
-  
-  
-  

 
-  
-  

AWSD AWSD
WRD National Water Quality Laboratory

1

1
 

MoH MoEM MoTI ESI Eritrean Standards Institute
MoH MoEM MoTI
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50  

 
WRD  

 

Unicef  

WHO Eritrean water quality standard (Draft) Aug, 2004
 

A,B,C,D C  

Group A : Water with an excellent quality. 
Group B : Water with good quality. 
Group C : Water with low health risk. 
Group D : Water with a higher risk or water unsuitable for human consumption. 

 

4-8)  

AWSD  
  

 
3 Dams  Mai Nefhi Toker S.V dam 
3 Treatment plant Mai Nefhi Toker S.V W.T.P 
3 Pumping stations New Sembel Denden Mai Chehot 
3 Reservoirs  Tsetserat Monopolio Hazhaz 

WRD  
 

1 4 Mai Nefhi Toker S.V Adi Sheka 3
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WRD 

 

 
WRD 

 

7 8

ALUM
 

Toker S.V
S.V
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EIA  

EIA
 

 

- 
1999 3 National 
Environmental Assessment Procedures and Guidelines

 
- IEE Project 

Screening Zoba  
- A B C C B

Environmental Evaluation EE A Environmental 
Impact Assessment EIA B

Environmental Evaluation Questionnaire EEQ EEQ
 

 
EE EIA

 

 

 
3

 

Mai Nefhi
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SS BOD COD pH
Eritrean water quality standard (Draft) Aug, 2004

pH 5.5-9 BOD 30mg/ COD 70mg/
 

Eritrean 
water quality standard (Draft) Aug, 2004  

 
 

 
 

 

 

 

 

 

 

 

 

 

 
S.V

300m
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1940
Adi Sheka Beleza

7km 1940
S.V

MoLWE  

 
 

 
 

 

 

 

 

 

 

 
S.V 5km

Adinfase

S.V
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2015  
1) 2) 3) 

4) 
1 18,000m3 24

2015  
 

  
1)  

+Daero Paulos
 427,429 + 6,900 = 434,329

2)  35
80% 348,669

3)  AWSD 50 l/c/d

 
4) AWSD 98% AWSD

80% 18% 77,800
 

5)  44,000
23,000 52%

60%  
6)  AWSD 15 l/c/d  

15 l/c/d  
7)  

FS 2010
/ FS 2010

 
8)  FS

33%
33%  

 
 

2020 2025  
2015 2020 2025  
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1)  13 2008

410,876 2015 427,429
0.57% 2020 2025

2015  
2)  2015 80%

2020 2025 82% 84%
 

3)  50 l/c/d
4)  AWSD 98%

 
5)  60%
6)  2015 15 l/c/d  
7)  2015

 
8)  2020 2015 33% 2025

1% 32%  
 

 

 4-6)  

 2015  
 

2020  
 

2025  
 

    
 434,329 446,744 459,513

AWSD  98% 98% 98% 
 80% 82% 84% 

 18% 16% 14% 
 348,628 364,557  386,285 

 77,797 75,026  65,359 
1 1  50 l/c/d 50 l/c/d  50 l/c/d 

 15 l/c/d 15 l/c/d  15 l/c/d 
    

m3/day  16,506 17,347 18,356
m3/day  1,566 1,508 1,402

m3/day  4,511 4,723 4,998
m3/day  411 431 456

m3/day 23,054 24,009 25,212
 33% 33% 32% 

     
m3/day  34,412 35,834 37,076

S.V m3/day  5,627 5,816 6,456
Toker  m3/day  15,498 16,189 16,409
Mai Nefhi m3/day  13,287 13,829 14,211
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2015 2014  
2015 2014  

2014 1
  

 Stretta Vaudetto
 

Toker 
 

Mai Nefhi 

2015  (m3/day) (A) 5,627 15,498 13,287
2014  (m3/day) 

 
(B) 2,073 7,508 8,665

 (B)/(A) 0.37 0.48 0.65
 

 

S.V 4  

2020 2025  
2020 2025

  

 S.V 
 

Toker 
 

Mai Nefhi 

2020   
 (m3/day) (A) 5,816 16,189 13,829

 (m3/day) 

 
(B) 8,000

 
18,000 20,000

 ( ) (C) 8,770 16,040 17,360

 (B)/(A) 1.38   
(C)/(A)  0.99 1.26 

2025   
 (m3/day) (A) 6,456 16,409 14,211

 (m3/day) 

 
(B) 8,000

 
18,000 20,000

 ( ) (C) 8,770 16,040 17,360

 (B)/(A) 1.24   
(C)/(A)  0.98 1.22 

 
 

 

2025
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Toker Mai Nefhi

Toker Mai Nefhi
 

Toker 2020
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Asmara Airport 22 1992 2014
419mm  

4-3)  

 
 

 

Stretta Vaudetto  
Valle Gnecchi

Beleza EEC S.V
S.V Mai 

Serwa Adi Sheka 2
8,770m3/ 8,000m3/ S.V

 

Toker  
Toker 16,040m3/

500mm/ 18,000m3/  

Mai Nefhi  
Mai Nefhi 17,360m3/
500mm/ 20,000m3/
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Asmara 1 14  

Massawa Hirgigo 22MW 4=88KW Asmara Beleza
5MW 3=15KW 103MW

 

Hirgigo 4 2 44MW
Beleza 3 2 5MW

65 70MW 49MW
2 3

 

80MW 2016 Hirgigo
2 23MW*2=46MW SFECO

80MW 99MW 149MW
 

24  
 

 
EEC  

 

 
Toker
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Mai Nefhi 24
S.V

10  

Mai Nefhi Toker

 

Beleza Mai Serwa S.V Toker 3 1
Adi Sheka 24

4-4)  

 

 

 

2025
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FS 2025
4-7)  

 

Stretta Vaudetto  

 

 

- 7  
- ALUM  
-  
-  
-  
-  

 
-  
-  
-  
-  

 
  

 

 

 

 
  

 

AdiSheka

P
StrettaVaudetto

P

(Pump)
(gravity)

(Pump)MaiSerwa

P

(Pump)
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Adi Sheka  2 1
 

20m
(

 
(Q=300 m3/h  H=60m) × 2 (1w+1s)

Adi Sheka /  8km

2
6

 

 
11km 2km 40

8km DN300 DCI
 

AS 2km DN300 PVC
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Mai Serwa  
 

40

 

 
Q=130 m3/h H=61m × 2 (1w+1s)

Mai Serwa  DCI DN300 L=2.7km

S.V  
 1

 

8,000 m3/day
 

(170 m3/h × 93m ) × 3 (2w+1s) 
S.V  

 
New Arbate Asmara 

Reservior
 

PVC DN250 1,340m  

 
24

 

New Arbate Asmara Reservoir 
(700m3×2=1,400m3)  
FS 1,000m3 3

4
 

 Primary network
1997 PVC

 

FS

PVC
D250 200m  

 Secondary Pipeline GI
900m  

2020 450
9,000m

900m  
PVC DN150, DN100, DN75, 
DN50 L=2,500m 

450
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 2025   

77,336 

2,073m3/day 

 

92,873 

6,456m3/day

15,537  

1  

12 lit.=> 50 lit. 

4,380m3/day  

24  
 

 

Toker  

 
24

 

 

 
 

 
  

 

 

 

 
  

Tekor

P (Pump)Toker

P

(Pump) P

Hazhaz Monopolio

Tsetserat

P

Denden

MaiChohot
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Toker  

1 10
 

 
(Q=990m3/h, H=235m) × 2 
(1W+1S) 

 
Toker    
Toker    
Toker    

 3

FS 3

4  

Monopolio Reservoir  
 (350m3×2) 

DN200 × 
400m 
Tseterat Reservoir  

 (575m3×2) 
 DN300 × 

400m 
Haz Haz Reservoir  

 (575m3×2) 
DN250 × 

400m 
 

 
FS

PVC DN300 × 
4,320m, DN200 × 7,470m

 
 Secondary Pipeline

GI 1,100m
 

 

2020
1,100 22,000m

1,100m
 

PVC DN150, DN100, 
DN75, DN50 L=5,800m

1,100  
 

 

 
  

 2025   

134,303 

7,508m3/day 

 

150,308 

14,993m3/day

16,005  

1  

12 lit.=> 50 lit. 

7,485m3/day  

24  
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Mai Nefhi  

 

 

- 500mm  
- ALUM Lime Polymer  
-  
- 3  
- 

 
-  
-  
-  
-  
-  
-  

 
  

 
 

 

 
  

MaiNefhi

MaiNefhi
P

Sembel

P (Pump)

P
Godaif
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Mai Nefhi  

 

Q=500 m3/h, 
H=215m) 3  

 

Mai Nefhi Sembel
 

 

D500 DCI  L=16.1km
 

Sembel   

 

 

 
 

 

FS
 

PVC D300 L=2,700m, D200 
L=2,530m  

 Secondary Pipeline
GI 1,200m

 

 

2020
890 18,000m

1,200m  

PVC DN150, DN100, 
DN75, DN50 L=4,800m

890  
 

 

 
  

 2025   

128,312 

8,665m3/day 

143,104 

15,626m3/day

14,792  

1  

12 lit.=> 50 lit. 

6,961m3/day  

24  
 

 

 

AWSD  
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-  
- 3  
-  
-  
-  

 
AWSD

 

 
-  
-  
- pH EC  
-  

 
-  
-  
-  
-  

 
- 3  
-  
-  
- pH EC  
-  

 
-  
-  
-  
-  
-  

 
-  
-  
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-  
-  
-  

 
-  

 
-  
-  
- CAD  
-  

 
- AWSD  

 
-  
-  
-  

 
 

 
 

 AWSD  
  
  
  
 CAD  
  
  
  

 
AWSD 4   
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1)   

 NS 30
 

 
 NS 30

 
NS 1  

2)   
 2  
 1

 
 2 3

 
 AWSD

 18 35,000 3  
 

 4  

 
100% 4

7  
2003 11

 
3)   

 
  

4)   
 3 1

 
 1  

 
 

 
 

2,000USD
 

 
 

 
 

 
AWSD
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AWSD
 

3  

  
  
  

 
1

S.V 8,000m3/day
8,770m3/day Toker Mai Nefhi

 

 

 
1 14

24
 

 

3 /
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OM

A C 3  

- A   
- B   
- C   

 

 1
MD Annex-1  
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1.  O&M      

 1.1 Toker    
 

 × 5  C 

 1.2 

 

  
  

 5
 

 
 

 1  
 4WD

 

A or B 

 1.3 
 

  
  
 OJT
 ph

EC  

 
 

 
 
 

 

 5 × 2  
 ph EC

×5  
 Toker, Adi Sheka,  

Mai Serwa, S.V, Mai Nefhi  
  

A 

 1.4 

 1.5 pH EC
 

 1.6 
Toker CAD

 

   
 

 4
 

C 

 1.7 
S.V  

 S
 

    C 

2.       
2.1 /  

a) Adi-Sheka  
b) Mai-Serwa  

   
 

  
  

B 

 2.2 Toker  

 

 
 

 
 

 

  
  

B 

 O&M      
 2.3 OM

 
 OM  

 
  A 

 2.4   
 

  A 

 2.5    
 

  B 
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 2.6 
 

   

 

  
  

A 

 2.7    
  

 
 

  
  

A 

 2.8 
 

   

 

  
  

A 

3.       
 3.1 Adi-Sheka  

 

 
 

 
 

 
 

  
  

B 

 3.2  
a) Adi-Sheka  
b) Mai-Serwa  

    
 

 

  
  

B 

 O&M      
 3.3 

 
   

 

  
  

A 

 3.4   
 

  A 

 3.5    
  

 
 

  
  

A 

4.  4.1 Stretta Vaudetto      
      
 4.1.1 alum, lime

 
 alum

 
  
  

 1000L ×2
 4  
  

A or B 

 4.1.2 
 

 
 

 190   

 

A or B 

 4.1.3 
 

 
 

 

 

 5
 

A or B 
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 4.1.4 

 
   

 
  
  

A 

 4.1.5 1m3/   
 

  
 

 
 4.1.6 5cm

 
 4.1.7  
 4.1.8  
 4.2 Toker      
      
 4.2.1 2007

 
 

 
  

 
C 

 4.2.2 2009     
 

  C 

 O&M      
 4.2.3 alum

 
OJT  A 

 4.3 Mai Nefhi      
      
 4.3.1 alum lime polymer

 
 alum)

 
  
  

 1000L ×2
 

 
  

A 

 4.3.2 

 

    C 

 4.3.3 
 

 4.3.4 

 
 4.3.5 
 4.3.6 

 
 4.3.7 

 
   

 
  
  

A 
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 4.3.8       C 
 4.4      
      
 4.4.1 

 
   

 
 

 
 

 

  
S.V 300 3  500 1

Toker 500 1  150 
1 Mai Nefhi 500 1

 

C 

 4.4.2      
 

 ×3W.T.P 
  

A or B 

 O&M      
 4.4.3 pH EC

 
  
 pH EC

 
 OJT 

  
 

 
 

 

 1 ×3W.T.P 
 pH EC

×3W.T.P 
  

A 

 4.4.4 

 

  
 OJT 

 
 

 
 

 
 

A 

 4.4.5 3

 

  
  

 
 

 
 

 3

  
 4WD  

A 

 4.4.6 50-60

 

 
 

  
  

  C 

 4.4.7 
Toker 1 6

OJT  

 
OJT 

   2  
  

B 

 4.4.8 
Toker CAD Mai Nefhi

S.V  

 S.V
 Toker Mai Nefhi

 

 
 

  

  
 

 

A 
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 4.4.9 

 
 

 
  
 

 
  
  

  C 

5.       
 5.1  

Stretta Vaudetto 
   

 
  
  

B 

 5.2  
Mai Nefhi  

      
  

B 

 5.3 Mai Nefhi

 

    
  

  B 

 5.4 Sembel        A 
 5.5 Sembel       A 

 O&M      
 5.6 OM

 
 OM

 
 

 
  A 

 5.7   
 

  A 

 5.8    
 

  B 

 5.9 
 

   

 

  
 

 

A 

 5.10    
  

 
 

  
  

A 

 5.11 
 

   

 

  
  

A 

6.       
 6.1  

Stretta Vaudetto
   

 
  
  

B 
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 6.2  
Tokor 3

 

   
 

  
  

B 

 6.3  
Tokor 2

 

   
 

  
  

B 

 6.4  
GI 3,000m
 

    
  

  
  

C 

 6.5  

 

      
  

C 

 O&M      
 6.7 OM

 
 OM

 
 

 
  A 

 6.8   
 

  A 

 6.9    
 

  B 

 6.10 
 

   

 

  
 

 

A 

 6.11 
 

  
  

 
 

  
  
  

  
 

 
 

 
  

A 

 6.12    
  

 
 

  
  

A 

 6.13 
 

   

 

  
  

A 
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 6.14      

 
  

A 

7.       
 7.1  

1 2-3
 

      
 

 

C 

 7.2  

 

   
 

 
  

C 

 O&M      
 7.3 

 
  

 
  A 

 7.4   

 

   B 

 7.5      
  

A 

 7.6 
 

  

 

  
 

 

A 

8. O&M 
 

8.1 
 

   
 

  A or B 

 8.2 
 

   
 

  
  

A or B 

 8.3        
  

A or B 

 8.4 CAD        
  

A 

 8.5    
 

  C 

 8.6 
 

   
 

  B 

 8.7 
 

  
 

  B 
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9.  
 

9.1   

 
 

 
 

 
 

  
  

B 

 9.2  
2003

 

  
 

 
 

  B 

 9.3        
  

C 

 9.4   
 

    
  

C 

 9.5  

 

 24     EEC C 
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Urgency A: The countermeasure that can be commenced immediately.

[X]: [Y]:
[Z]: [-]:  

 

[X]: [Y]:
[Z]: [X] :

 

MD Annex-2 [X]:
 

Annex-2   

 

-  Annex-2  [X]:
 

- [X]:  

- Issues and Countermeasures (Urgency A) [Y]: [Z]:
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Category:  [X]: Information Management,  [Y]: Water Quality Improvement,  [Z]: Increasing Water Supply,  [-]: Others 

Components Necessary Resources

Human
resources

[-] 1.2 There isn't  an engineer for
O&M of each water resources and
dam.

-  Recruitment of an engineer
-  Purchase of a vehicle of
management

- Engineer × 1
- 4WD Pickup or Motorcycle × 1

- The management of each water
source and dam is strengthened.
- The management of preservation
of water source is strengthened.

A

Preservation [X]
[Y]

1.3 The preservation of water
source (patrol and cleaning etc.)
isn't  managed.

-  Recruitment of workers
-  Arrangement of a daily report
-  OJT of the daily reporting

- 2 workers × 5 Dams
- Training of daily reporting

- The preservation of water source
is strengthened and information is
shared.
- The water quality management is
strengthened.

A

Recording [X] 1.4 A daily record of the dams
about checking and repairing isn't
kept.

- Arrangement of a daily report
- OJT of the daily reporting

- Training of daily reporting - The O&M of facilities is
strengthened and information is
shared.
- The cause of a breakdown and
leakage are clarified and repaired
quickly.

A

Water quality [X]
[Y]

1.5 Water quality test (turbidity,
pH, electrical conductivity etc.)  is
not practiced at each dam.

- Purchase of water quality analysis
equipment

- Training of water quality test
- Water quality equipment

turbidity, EC ×5 dams(TOKER
ADI SHEKA MAI SERWA SV
MAI NEFHI)

- The water quality management is
strengthened.

A

[Y] 4.1.1 (S.V. WTP) The chemical
mixing and injection equipment are
out of order for a long time

- Replacement of alum tank and
providing gravity injection system

- 1000L chemical tank × 2nos
- Pipe laying to 4 receiving wells

- Turbidity is improved.
- Workload in the filter is reduced.

A

4.3.1 (Mai Nefhi WTP) The
chemical mixing and injection
equipment are out of order for a
long t ime.

- Installation of a chemical tank
for alum and a injection equipment

- 1000L chemical tank × 2nos
- Pipe laying to the receiving well
- Dosing pump × 2nos

- Turbidity is improved.
- Workload in the filter is reduced.

A

[Y]
[Z]

4.1.4  (S.V. WTP) Back-wash isn't
done effectively so that there are
thick sludge on the filter beds.

- Cleaning of sludge on the filter
media

- Manpower cleaning on the filter
surface periodically × 6 filters
- Exchange of a filter media × 6
filters

- Turbidity is improved.
- Workload in the filter is reduced.

A

4.3.7 (Mai Nefhi WTP) Sludge
remained on surface of filter sand
4.3.8 (Mai Nefhi WTP) Many
breakthrough (holes) are found.

Facil ities Countermeasures Effects UrgencyIssues

Raw water storage
facilities (Dam)

O &M Conditions

Water treatment
facility Chemical

mixing and
injection
equipment

- Safe drinking water is supplied A

Filter

Physical Conditions

- Cleaning the sand surface - Closely monitoring backwashing
results
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Category:  [X]: Information Management,  [Y]: Water Quality Improvement,  [Z]: Increasing Water Supply,  [-]: Others 

Components Necessary Resources
Water treatment
facility

sludge valve [Y] 4.1.3  (S.V. WTP) Sludge in the
sedimentation basin is not
discharged. And several sludge
valves are inoperable.

- Elimination of clogging into the
sludge pipes and exchange of sludge
valves

- Cleaning 5 sludge pipes and
replacing/repairing 5 sludge valves

- Sludge in the sedimantation basin
is discharged.
- Turbidity is reduced so that
workload in the filter is reduced.

A

Bulk meter [X] 4.4.1 (3 WTPs) There are no
water meters to manage the inflow
and outflow at the W.T .Ps.

- Installation of inflow and outflow
water meters.

- SV 300 water meter × 3 nos, 
500 water meter × 1 no
- Toker 500 water meter × 2
nos, 150 water meter × 1 no
- Mai Nefhi 500 water meter
× 2 nos

- The rate of water leakage and
non-revenue water are revealed,
and target planning can be drafted.
- Stable water quality is supplied
because water quantity is controlled
and chemical injecting quantity is
injected properly.
- The quantity of water supply is
controlled deliberately at the time
of a drought.

A

Chlorinator [Y] 4.4.2 (3 WTPs) Chlorine gas is
injected directly into the clear
water reservoir or the receiving
basin by the plastic tube without
the chlorinator.

- Installation of chlorinator - chlorinator × 3 W.T .Ps
- OJT

- Chlorine gas injecting quantity is
injected properly.
- The healthy obstacle with
chlorine to staff is reduced.

A

Jar test [Y] 4.2.3 (Toker WTP) Jar test is not
practiced.

- OJT  of Jar test - Lecturer of Jar test - The water quality management is
strengthened and safe water is
supplied.

A

Water quality [X]
[Y]

4.4.3  (3 WTPs) Water quality test
is not practiced at the W.T.Ps.

- Recruitment of water quality
analyst
- Purchase of water quality
equipment
- OJT of water quality analysis

- Water quality analyst × 3 W.T .Ps
- Water quality equipment (pH,
Turbidity, EC, Total coliform
bacteria, General bacteria, Residual
chlorine, Jar test) × 3 W.T .Ps
- Lecturer of water quality test

- The water quality management is
strengthened and safe water is
supplied.
- A cause of the water quality
problem (filth and agricultural
chemicals, etc.) is detected in early
stages.
- Chlorine gas injecting quantity is
injected properly by measuring the
residual chlorine.

A

Recording [X] 4.4.4  (3 WTPs) A daily record
about checking, repairing and
operating isn't  kept

- Arrangement of a daily report
- OJT  of the daily report

- Training of daily reporting - The O&M in facilities is
strengthened and information is
shared.
- The cause of a breakdown and
leakage are clarified and repaired
quickly.

A

O &M Conditions

Countermeasures Effects UrgencyFacilities Issues
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Category:  [X]: Information Management,  [Y]: Water Quality Improvement,  [Z]: Increasing Water Supply,  [-]: Others 

Components Necessary Resources
Water treatment
facil ity

Human
resources

[-] 4.4.5  (3 WTPs) There isn't  an
engineer for O&M of 3 W.T.Ps

- Recruitment of an engineer
- Purchase of a vehicle of
management

- Engineer × 1
- 4WD Pickup or Motorcycle × 1

- The management  of  the W.T.Ps
is strengthened.
- A problem is sett led early
because information is transmitted
to the headquarters early.
- Technique is shared among 3
W.T.Ps.

A

Drawings and
documents

[X] 4.4.8 (3 WTPs)  AWSD are not
properly filing past drawings and
documents, although some of them
are kept in the cabinet.

- Producing of drawings (SV)
- Arrangement of drawings and
documents (Toker and Mai Nefhi)

- Placing an order with a consultant
company (SV)
- Establishment of depository

- For information to be shared, a
breakdown and leakage in case of
emergency are corresponded
quickly.
- A future pipeline repairing plan
can be drafted.
- A future water supply plan can be
drafted.

A

Chlorinator [Y] 5.4 Malfunction of chlorine
injection facility at SembelPS

- Renewal of the chlorine injection
facility

- Chlorine injector - Reducing water quality
degradation

A

Reservoir [Y] 5.5 The reservoir at  Sembel PS has
large openings.

- To provide closures - Closure - Safe water is provided A

Proper O &M [Z] 2.3, 5.6, 6.7 O&M activity
according to the O&M manual is
not being conducted.

- Training for OM activity
according to the OM manual

- Technical guidance trainer - Life span of the facility is
extended, thus improvement in
business stability and sustainability

A

Bulk meter [X] 2.7, 3.5, 5.10, 6.12  The water
flow amount is not measured and
recorded

- Installation of instrumentation
facility
- Training on measurement and
recording

- Instrumentation system for three
intake facility (Adi-Sheka, Mai-
Serwa, Tokor) and three
transmission mains and distribution
network
- Trainer on instrumentation

- Upgrading of the water flow
monitoring
- Enabling to grasp the water
leakage, thus enabling to work out
leakage reduction plan

A

Recording [X] 2.4, 3.4, 5.7, 6.8, 7.3 Check and
maintenance record is not
maintained properly

- Training on checking of facility
condition and repairing

- Technical guidance trainer - Enabling to establish the proper
renewal plan of the facility, thus
improvement in business stability
and sustainability

A

2.8, 5.11, 6.13 The pump
operation record is not compiled as
a database

- Training on recording and
database construction

- Trainer on recording and database
construction
- Installation of personal
computers

- By monitoring the pump
operation, the proper renewal plan
of the facility can be established.
- Thus, improvement in business
stability and sustainability.

A

O &M Conditions

Intake,
Transmission,
Distribution, and
Service  facility

Countermeasures Effects Urgency

Physical Conditions

Facilities Issues
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Category:  [X]: Information Management,  [Y]: Water Quality Improvement,  [Z]: Increasing Water Supply,  [-]: Others 

 
 

Components Necessary Resources
[X] 2.6, 3.3, 5.9, 6.10 Drawings and

technical documents of the
facilities are not being filed and
updated

- Establishment of information
management system

- Recruitment of the personnel
with experience of information
management
- Installation of personal
computers

- Enabling to establish the proper
renewal plan of the facility.
- The cause of facility failure can
be detected easily, thus enabling the
quick repairing.
- Thus, improvement in business
stability and sustainability.

A

6.11, 7.6  Drawings of the
distribution pipeline is not being
filed and updated

- Establishment of information
management system
- Updating of pipeline information
(pipe material, diameter, valve
location, etc.)

- Recruitment of the personnel
with experience of information
management
- Installation of personal
computers
- Metal pipe detector, Non-metal
pipe detector, Metal detector

- Enabling information sharing,
thus enabling quick repair of the
facility failure or leakage.
- Enabling proper valve operation
for distribution control.
- Enabling to establish the proper
renewal plan of the facility and
water distribution plan.

A

[Y] - Water quality test  equipment and
chemicals
- Recruitment of water quality
monitoring staff

Common O &M
issue

Human
resources

[-] 8.4 Shortage of the technicians
who are engaged in leakage
detection and repair and
installat ion of new house
connections

- Recruitment of the new staff and
continual Employment of the staff

- Experienced staff who provide
training to the new junior staff
- Junior staff

- Enabling quick repair of the
facility, thus improvement in
stability and service level of water
supply.

A

8.5 Shortage of chemist/biologist
for water quality control

- Recruitment of the new staff and
continual Employment of the staff

- Experienced staff who provide
training to the new junior staff
- Junior staff

- Enabling to upgrade the water
quality management of AWSD.

A

8.6 Shortage of the CAD operator - Recruitment of the new staff and
continual Employment of the staff
- T raining of CAD operation

- Experienced staff who provide
training to the new junior staff
- Junior staff

- Upgrading of water distribution
pipeline drawings.

A

Capacity of
employee

[-] 8.3 Poor performance of the
technicians who repair the
mechanical and electrical
equipment

- Capacity development of the
technicians

- Trainer for repair of mechanical
and electrical equipment

- Enabling quick repair of the
facility, thus improvement in
stability of water supply.

A

6.14, 7.5 The water quality control
is not conducted.

- Establishment of water quality
management system

- Enabling to upgrade the water
quality of the supplied water.

A

Intake,
Transmission,
Distribution, and
Service facility

Drawing
management

Water quality
control

Facil ities Issues Countermeasures Effects Urgency



 

 

86

 

 
 

: [X]: , [Y]:  / *

JICA

 ( )



 

 

 
 

1. MD 
2.  
3.  
4.  

1)  
2)  
3)  
4)  
5)  
6)  
7)  
8)  
9)  
10)  
11)  





A1-1

付属資料1

digital2
長方形



A1-2

付属資料1

digital2
長方形



A1-3

付属資料1

digital2
長方形

digital2
長方形



A1-4

付属資料1

digital2
長方形



A1-5

付属資料1

digital2
長方形

digital2
長方形



A1-6

付属資料1

digital2
長方形



A1-7

付属資料1

digital2
長方形



A1-8

付属資料1

digital2
長方形



A1-9

付属資料1

digital2
長方形

digital2
長方形



A1-10

付属資料1

digital2
長方形



A1-11

付属資料1

digital2
長方形

digital2
長方形

digital2
長方形





A1-13

付属資料1



A1-14

付属資料1



A1-15

付属資料1



A1-16

付属資料1



A
1-17

付
属
資
料
1



A
1-18

付
属
資
料
1



A
1-19

付
属
資
料
1



A
1-20

付
属
資
料
1



A
1-21

付
属

資
料
1



A
1-22

付
属
資
料
1



A
1-23

付
属
資
料
1



A
1-24

付
属
資
料
1



A
1-25

付
属
資
料
1



A
1-26

付
属
資
料
1



A
1-27

付
属
資
料
1



A
1-28

付
属
資
料
1



A
1-29

付
属
資
料
1



A
1-30

付
属
資
料
1



A
1-31

付
属
資
料
1



A
1-32

付
属
資
料
1



A
1-33

付
属
資
料
1



A
1-34

付
属
資
料
1





Institution Position Name
Water Resources Department, Ministry of Land, Water and Environment

Director General, Water Resources Department (WRD) Mebrahtu Iyassu
Director, Water Supply Division, WRD Misghina G/Selassie
Unit Leader, Database, GIS & Remote Sensing
Information Services unit Tecle Yemane

Unit Leader, Laboratory Unit Efrem Teferi
Asmara Water Supply and Sewerage Department (AWSD)

Department Head, AWSD Ghebrekidan Gabretsiun
Division Head, Water Supply Division Kidane Kifle
Unit Leaer, Water Distribution Unit Omaneli
Unit Leader, New Connection and Maintenance Unit Orede
Unit Leader, Dams and Treatment Plants Unit Binyam
Unit Leader, Planning and Supervision Unit Yohannes Mulu
Division Head, Administration and Finance Division Tsuhaye
Unit Leader, Personnel Unit Baraphat
Unit Leader, Finance Unit Estifanos Andezion
Unit Leader, Customer's Unit Kidane
Unit Leader, General Service Unit Zenikel
Unit Leader, Store Unit Araya

Eritrean Electric corporation (ECC)
General Manager, EEC Abraham W. Michael

Zoba Maekel Administration
Director of Environment, Management & Assessment Mulubrham G/yohannes
Division Head, Town Planning Division, Infra. Dept. Medhanie Teklemariam

 Asmara International Airport Meteorological services
Head of Meteorological Unit Isaac Fesseha
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A. 
A1 ASMARA WATER CONTRACT PDF AWSD JR CR(   ) SC

A2 DRAFT THE ERITREAN ENVIRONMENTAL  MANAGEMENT
PROCLAMATION NO. 2002 Word Zoba JR CR(   ) SC

A3 Finalised National Environmental Assessment procedures and
guidlenes NEAPG edited Word Zoba JR CR(   ) SC

A4 Zero Draft - Environmental Law Word Zoba JR CR(   ) SC
A5 Proclamation No.2005 Massawa PDF GOE JR CR(   ) SC
A6 To-ward Establishing Eritrean Water Quality Standards Word WRD JR CR(   ) SC
A7 Roles and Responsibilities of Parties involed in Water Supply Projects Word WRD JR CR(   ) SC
A8 Eritrea Water Resources Policy PDF WRD JR CR(   ) SC
A9 Action Plan for Integrated Water Resources Management in Eritrea PDF WRD JR CR(   ) SC
A10 Proclamation No.162  Eritrea Water Proclamation PDF GOE JR CR(   ) SC
A11 National Water Supply Action Plan   2013 - 2017 Word WRD JR CR(   ) SC

B. 
B1 Ertrean Electric Corporation, General Information PDF EEC JR CR(   ) SC

B2 Ertrean Electric Corporation, Existing Thermal Power Plants and
Power Grid System PDF EEC JR CR(   ) SC

B3 Ertrean Electric Corporation, Existing Tariff as May 10,2008 PDF EEC JR CR(   ) SC

B4 SUNRIDGE GOLD CORPORATION
ASMARA PROJECT - Hydrometeorolgy Report Dec 2012 PDF Mining Service JR CR(   ) SC

B5 Durfo-Sedao PDF Societe Eletrica dell Africa Orientale JR CR(   ) SC
B6 AWSD Annual Report 2013 (Tigrinya) Word AWSD JR CR(   ) SC
B7 AWSD Annual Report 2014 (Tigrinya) Word AWSD JR CR(   ) SC
B8 AWSD 2014 Plan (Tigrinya) Word AWSD JR CR(   ) SC

B9 Asmara Infrastructure Development Study Phase-2: Feasibility Study
Water Sector

Word/Excel/
PDF

Department of Urban Development,
Ministry of Public Works JR CR(   ) SC

B10 Asmara Infrastructure Development Study Phase-3: Detailed Design
and Tender Documents    Water Sector

Word/Excel/
PDF

Department of Urban Development,
Ministry of Public Works JR CR(   ) SC

B11 Job Description of Zoba and Sub-zoba (Extract) PDF Zoba Maekel Administration JR CR(   ) SC
B12 State of Eritrea Five Year Indicative Development Plan  2014 - 2018 Word Ministry of National Development JR CR(   ) SC
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C. 
C1 AWSD Drawing List Excel JR CR(   ) SC
C2 Hydrology Station Map JPEG WRD JR CR(   ) SC
C3 Water Supply Network latest Auto-CAD AWSD JR CR(   ) SC

C4 Toker River Water Supply Project
As built drawings (Toker Pumping Station) Auto-CAD Natural Resources Consulting

Engineers JR CR(   ) SC

C5 Toker River Water Supply Project
As built drawings (Raw water transmission pipeline) Auto-CAD Natural Resources Consulting

Engineers JR CR(   ) SC

C6 Adi Nefas WTP  Design Drawings Auto-CAD Biwater JR CR(   ) SC
C7 Adi Nefas Treated Water Transmission Pipeline Design Drawings Auto-CAD Biwater JR CR(   ) SC
C8 Asmara Development Map Auto-CAD Infrastructure Dept. Zoba Maekel JR CR(   ) SC
C9 Acquedotto Abaeda-Sembel PDF Municipalita Di Asmara JR CR(   ) SC
C10 Maekel Region PDF Eritrean Mapping and Infrormation

Center JR CR(   ) SC
D. 

D1 Met Data Afdeyu Station Data Excel WRD JR CR(   ) SC
D2 Met Data Embaderho & Adinfas Data Excel WRD JR CR(   ) SC
D3 Met Data Asmara Airport Excel WRD JR CR(   ) SC
D4 Zoba Maekel Flow Data Excel Mining Service JR CR(   ) SC
D5 Asmara groundwater resources related data Word/Excel WRD JR CR(   ) SC
D6 Hydrometeorology Excel WRD JR CR(   ) SC
D7 Landuse JPEG/Excel WRD JR CR(   ) SC
D8 Population of Zoba Maekel as of 2015 PDF Zoba Maekel JR CR(   ) SC
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