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AfDB: African Development Bank

AFD: Agence Francaise de Developpement

A/P: Authorization to Pay

B/A: Banking Arrangement

BHN: Basic Human Needs

CAAC: Area Advisory Committees

DANIDA: Denmark International Development Assistance
EAC: East African Community

EIA: Environmental Impact Assessment

E/N: Exchange of Notes

F/S: Feasibility Study

GDP: Gross Domestic Product

GTZ: Deutsche Gesellschaft fur Technische Zusammenarbeit
GNI: Gross National Income

HWL: High Water Level

JICA: Japan International Cooperation Agency

Kfw: Kreditanstalt fur Wiederaufbau

Kshs: Kenyan Shilling

LWL: Low Water Level

TWSB: Tana Water Services Board

M/D: Minutes of Discussion

MoWI: Ministry of Water and irrigation

NEMA: National Environment Management Authority
NWRMS: National Water Resources Management Strategy
NWCPC: National Water Conservation and Pipeline Corporation
EWASCO: Embu Water and Sanitation Company

M/M: Man Month

m’/hr: Cubic meter per hour

m’/d: Cubic meter per day

NGO: Nongovernmental Organization

NRW: Non-revenue Water

ODA: Official Development Assistance

OECD: Organization for Economic Cooperation and Development
SIDA: Swedish International Development Agency
VAT: Value-Added Tax

UNDP: United Nations Development Program
UNICEF: United Nations Children’s Fund

USS: US Dollar

WAB: Water Appeal Board

WHO: World Health Organization

WRMA: Water Resources Management Authority
WRUA: Water Resources Users Association

WSRB: Water Services Regulatory Board

WSTF: Water Services Trust Fund

WSB: Water Services Board

WSP: Water Services Provider

WTP: Water Treatment Plant
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MoWwI MoW!I
Water Services Boards WSBs
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WSB Water Services
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Tana Water Services Board
TWSB Embu Water and Sanitation Company
EWASCO EWSCO
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2000m3/
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1999
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2007-2009) NWRMS

1-1-3
1963 1964

EAC

2008 GNI 295 GNI 770
27.0 2008
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90
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2005 52 2007 4.7 2008

GDP 21%
65%
2003 6
2004 3
3
Embu Municipality 1999
50% 656 /km® 1989 10
6 37.8% 15 5.7%
36
B7
1-2
100 6 2007
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24 24
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400
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US

2004 2007 18,781
2004 2008 /UNICEF 4,695
2004 2008 6,829
2004 60,952
2006 2007 51,221
2007 2008 29,025
2007 2008 18,781

44,391
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Ministry of Water and
Irrigation (MoWI)

Water Resources
Management Authority water permits
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IWRM  Integrated Water Resources Management

Water Services Regulatory
Board (WSRB)
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Water Services Trust Fund
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Water Appeal Board (WAB)

Water Services Regulatory
Boards (WSRB)
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MoW!I 2-2 TWSB

EWASCO 2-3 EWASCO
Minister
[

Assistant Secretary
. J

(" N\

Permanent Secretary
. J

[ Administration] [Water R&eource] [ Water Services ] [ Land Reclamation] [ Irrigation & Drainage]

2-2

Board of Director

Cheif Exective Office Internal Audit manager

Public relations manager

Procurement manager

ICT manager

Technical services i Cooperate  planning i
Finance manager &strategy manager HR & Admin manager
2-3  TWSB
EWASCO 2-4 2-2
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MANAGING

DIRECTOR
FINANCE / Technical
Internal auditor Manager
ADMIN
Planning manager
operational manager
Chief Acc.
It Water sewage
| HR MGR | | Ass. Chief Acc. | | frd | | Com. Myr. | Proc. manager | opritondot IS Manager
Hr General ledger Syst Commercial services ‘Ass Proccurement Quality Sentecgn Senior tech S Tec Engineering
officer acc. Admin supervisor officer assurance production diistribution sewarage assistant
Payroll officer Ass. Acce, AssAcc Stores superv. Cust care Billing super M. Reading Admin Ass. Tech. 1 production Tech 1 central Tech 1 Tech.1 sewage
revenue Expend Sup Gachoka
Chief Ass. Customer
(S5 ] [ ] [romem] [
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Payment.
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Billing Clerk
182

Driver
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Cleaner
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EWASCO
TWSB
EWASCO
2-1-2
(1) EWASCO
2-3  EWASCO  2006/2007 2007/2008
7 6
2004 3
2-4
50 60%

2-5

EWASCO 10,000m3/d
MoWI  Japan Desk
2008/2009
EWASCO 2002
2005 6



2-3 EWASCO

Kshs
2006/2007 2007/2008 2008/2009
55,679,495 77,219,661 89,293,946
133,010 239,300 239,520
102,700 218,200 289,250
11,500 46,100 26,850
164,000 - 403,000
- 43,800 41,600
829,940 1,085,856 1,555,518
56,920,645 78,852,917 91,849,684
10,408,430 13,413,584 20,084,854
1,800,000 - -

1,052,257 1,441,300 2,074,686
264,797 141,400 991,200
1,603,756 4,002,714 5,130,492
69,670 527,339 901,823
WASREB/TWSB 2,783,975 2,935,590 5,214,766
2,783,975 2,935,590 4,861,178
50,000 82,500 97,700
WRMA - 578,970 813,009
17,267,083 24,368,265 32,047,729
12,510,380 15,775,718 21,381,669
1,890,450 5,120,010 5,084,163
1,632,015 984,796 1,158,936
1,234,238 2,487,741 4,165,661
9,002,549 8,968,323 12,516,478
1,200,000 1,200,000 1,200,000
1,002,551 1,498,475 1,949,953
1,089,447 380,174 1,234,515
5,710,551 5,889,674 8,132,010
18,601,504 19,574,104 19,163208
1,005,068 5,556,393 2,604,847

1,005,068 4,318,982 -
- 1,237,411 2,604,847
128,374 229,993 824,015
56,413,009 72,110,662 87,241,131
507,636 6,742,255 4,608,553

EWASCO

2-6



2-4

2009

26,111] 22,693] 22,585 26,716] 27,986] 10,137

4650, 3,807 3,094 3172 2,760 2,090

79,262|  76,883| 92,187| 107,388) 102,614| 103317

4367] 4970 5750 5407 4320 3,866

4253 1,969] 4958  3,830] 3,919 4,555

4377 2,609 1448] 2,580 1,406] 2,689

7613 5573|5329  4542] 3,083 2,789

1,513]  1,303] 1,508 1498 1521 1313

10,299 129 0 0 0 13,756

142,445]  119,936] 136,859 155,133] 147,609 144,512

330,407 315,410] 324,516] 320,591] 333,577] 295,281

187,962| 195474] 187,657| 165,458 185,968 150,769

57 62 58 52 56 51

2008 2009

27483] 23,141] 25,018] 21,729] 20280 21,438

6,272|  1,406] 4421 4828 5739 4,395
75,870  78,714] 88,422] 76,906] 72392] 74308

4893]  4442]  2306] 4483 5183 5335

6,114 4859 7216 4860 3325 4,253
5903] 5240|5823  7.882]  4,564] 4,130

6,740  4,115]  4283] 4316] 6,680] 5,716
884| 1,191 1,030 1,075 975 920
15,099  16,037] 13,756 ol 7232 7010

149,258] 139,145 152.275] 126,079] 126,370] 127,505

304,778] 294,555] 296,183] 312,329] 299,001| 332,462

155,520] 155,410] 143,908 186,250 172,631] 204,957

51 53 49 60 58 62

EWASCO
3) /
EWASCO
25
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Kshs

1-6 200
10 400
50 2,850
100 6,850
200 16,850
300 26,850
300< 130/m3

*) 10m>100m’

0.1-0.2Kshs/m’

0.03-0.1Kshs/m’

0.2-0.5Kshs/m’

201m>-300m’

3

101m>-200m’

200Kshs 0-6m’ Im
50Kshs 50%
2010 2-6
2011
2-6 2010
Kshs
(m’) (
0-6 50 33 33 33 33 33 33
7-20 75 50 50 50 40 40 40
21-50 100 60 65 65 50 50 45
51-100 200 70 75 75 60 60 50
101-300 400 85 90 90 70 70 55
300< 400 100 110 110 80 80 60

2-8




2-1-3

EWASCO
3
14
2-1-4
D /
1,665m 6k
0.5m
14m 2 W1.15m
x H1.35m
2-5
® 355mm 317mm PVC
1km

200m, 25km

5.8km
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&)

1)
1615-20
2007 2009
10,000m*/ 5% 10,500m>/ 10,000
1.05=10,500m>/
2009 11
2.7 2-8
10,500m>/
2-7
(m3) (m2)
W3.1x L5.0x WH2.9 45.0
WO.7x L3.0x WH2.9x 6 x 2 73.1
W6.2x L6.2x WH2.9 111.5
W 5.2+5.6+5.6+5.9) x L15.6x WH4.0 1391.5 347.9
L5x W2.5% 8 100.0
2-8
3
m
R () /) | @)
45 6.2 1-5
73 10.0
111 15.2
184 252 20-40
1,392 348 190.9 21.0 17.0 15-30
100 105.0 120-150
2)
30cm 150 250mm
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26,000m*/d

2-6 2009
200mm 60cm
0.2 0.3m
5.0m
x |
=
a
2-6
-3
2-9
(mm) | (m3/s) (m/s) (m/s) (m) (m) (m3/s) (m/min)
150 0.015 0.9 0.6 0.1 0.2
150 0.015 0.9 1.0 0.1 0.5
150 0.146 8.3 2.0 21.2 12.0 0.11 0.53
150 0.146 8.3 2.0 12.0 3.0 0.07 0.35




0.35m/min

2-6 Im
EWASCO
1) 30cm 2)
3) 200mm 250mm
10,000m’/d
EWASCO
(€))
7 2,000m*/d
2
100m
® 315mm PVC No.4
4)
2009 9 10
1940 2004

2-12

250mm



2-7

¢ 250 ¢ 160
200
031
2,000m*/
A 3
1,200m
@ 300
¢ 160
200
@ © 300
(p?775q ——— Kangaru School
. » Mbeere
East College f [0] SO(j
9 Mugoya Kamiu/STI y
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2-2

2-2-1
€h)
6km
6km
@
KPLC
65%
11kV-50Hz
3 415V 240V
2-9
2-10
METHOD CI1 11KV
a) KSh 2,500.00
b) KSh 4.73 /kWh
c) KSh 400 /kVA
5 6 20
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®

1,115ha 269ha
24% 12km
EWASCO
5,000m’/
15,000m*/ EWASCO
700m’/
%)
21
7
15
2
2-2-2
€Y
5,199m
1,200-2,000m

2-15



43

Kathita Makatari Kamiugu
®
red volcanic soil
2 200kPa (20
t/m®)
©)
1,200mm 3 -5 1 - 12
7 8 13 - 18 1 2
22 - 28 4
Agro-ecological zone
2-11 2-8 3
2-11 3 (2006 - 2009 )
( > mm)
/ 1 3 4 5 6 7 8 9 10 11 12
66.4 8.6 124.1 | 246.1 | 140.7 16.9 25.5 25 29.5 | 2594 | 223.8 | 116.5
300
250
E 200

150

100

50

0

Jan

Feb Mar Apr May Jun Jul

Aug Sep Oct Nov Dec

2-8

2-16



4

No.
120.3km’ 2-12  EWASCO 2007
2-12  EWASCO 2007
1 2 3 4 5 7 8 9 10 11 12
20.5 6.7 13.8 24.2 13.8 53 8 27.3 6.1 14.2 8.5 11.1 12.8
173 45.5 187 394 119 12.5 92.6 364 37.2 198 49.1 49.2] 394
4.1 2.6 2.8 2.9 3.8 3 3 2 2 2.6 3 4.2 2
15 38 50 64 63 70 120 92 98 124 97 33 864
7.3 7.3 7.3 7.2 7.1 7.4 7.5 7.4 7.4 7.3 7.3 7.4 7.3
8.3 7.9 7.8 7.6 7.5 7.8 7.9 8.2 7.8 7.8 7.5 8.9 8.9
pH 6.7 6.8 6.7 6.9 6.8 7 6.7 6.7 6.9 6.1 6.8 6.7 6.1
10 31 46 46 53 57 108 99 68 24 22 21 585
17.3 17.9 18.8 18 18.3 17.4 17.3 17.2 18.1 18.2 17.7 17.9] 17.7
19 21.9 214 25.1 214 20.4 22.8 21.8 24.1 23.6 20.5 24 4] 25.1
16.5 16 15.9 15.4 15.8 15.5 15 14.9 15.3 15.6 15.2 15 14.9
10 31 45 46 53 57 106 98 67 24 19 18 574
No.3 No.4
No.4 3
3
2-13 2-14
10,000m’*/
2-13 (2009 10 15 )
No.3 No.4 WTP WTP
pH pH Scale 6.54 6.61 7.18 7.53
mg/1 58 86 62 72
mgCaCQOs/1 34.24 34.24 34.24 34.24
mgCaCOs/1 0.15 0.38 0.41 0.49
mg/1 <1 <1 <1 <1
mg/1 <0.01 <0.01 <0.01 <0.01
mg/1 <0.01 <0.01 <0.01 <0.01
mgFe/1 0.22 0.32 0.45 0.46
mg/1 <0.01 <0.01 <0.01 <0.01
COD mg/1 10 90 20 30
N.T.U 4.68 6.85 5.18 5.62
uS/ cm 0.02 0.03 0.07 0.07

2-17




2-14 (2009 10 15
WTP EWASCO
WTP
pH pH Scale 6.82 7.07 7.20 7.34
mg/1 96 214 238 306
mgCaCO3/1 34.24 34.24 51.36 34.24
mgCaCO3/1 0.16 0.25 0.33 0.41
mg/1 <1 <1 <1 <1
mg/1 <0.01 <0.01 <0.01 <0.01
mg/1 <0.01 <0.01 <0.01 <0.01
mgFe/l 0.34 0.53 0.83 1.02
mg/1 <0.01 <0.01 <0.01 <0.01
CoD mgO2/| 70 30 40 50
N.T.U 8.17 17.20 17.80 22.30
pHS/ cm 0.03 0.04 0.05 0.07
mg/l 1 3 3 4
Degree <10 10 <10 10
mg/| <0.01 <0.01 <0.01 <0.01
Cfu/100ml 25 1 13 1
Cfu/100ml 13 0 5 1
mg/| <0.01 <0.01 <0.01 <0.01
mg/| <0.01 <0.01 <0.01 <0.01
mg/ 0.23 0.21 0.32 0.47
mg/| 0 0.025 0.025 0.025
100
2007 EWASCO
WHO 1
10
EWASCO

2-18




2-2-3

@
EWASCO Water Resources Management Authority, WRMA 20,000m’/
30,000m’/ 2009 12 18
(2) EIA
EIA EWASCO NEMA
2009 12
D
EWACO
EWASCO
2.5km

2)

3)

4)
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(2007-2009)

193,000

168,000

3-1

(2002-2008)

2007 1

(Embu Minicipality)
2015

(1

1

(M

500mmx 5.9 km

@

11,000m*/

(€)

315mmx5.2km

“

6,000m>x 1 3,000m>x 1

©))

400 250mmx  10.8km

(M

60.3km 8

@)

3)

“

&)

@)

@
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3-2
3-2-1

€Y)
2015

Services in Kenya, October 2005, MoWI

@
1,000mm
5 10 12 1 2 6 9
3)
2
45 8 5
()]
EWASCO

NEMA

Practical Manual for Water Supply

10mm/

10

EIA

National Environment Management Authority: NEMA
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©)
EWASCO

Q)

®

3-2-2

3-1

WHO

oJT

3-3

EWASCO

80

2015

EWASCO
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2.9%

(District Statistical Office, Central Bureau of
Statistics, Ministry of Planning and National Development) 1.7%
2.3

3-2(1) (@

3-2(1) 1999
Location 1999 1989 1979 1969
Embu
Mbethi North 15526 10,554 7019 11,159
( )| 4.4% 4.7%
Municipality 36,920 26614 | 15986 3928
( M 376 5.8%

52,446 37,168 | 23,005 15,087

14 2] 38.9% 5.5%
Nembure
Gaturi South 12,857 14,094 11,377 5450
Kithimu 17,251 11,714 8713
30,108 25,808 | 20,090 5,450
14 2] 1.7% 2.8%
Gachoka
Kiambere 10810 7429 4,648 3471
Kianjiru 17457 13,002 9,766 7.042
Mavuria 17140 14,573 10,027 7198
Mbeti South 13,695 10,556 6,724 4,068
59,102 45560 | 31,165 21,779
14 2] 2.9% 4.3%

141656 | 108,536 | 74,260 42316

1999
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3-2 (2) 2009
District/Location/Sub- 1999 2009
Location .
(7 7 ) (198971999)
Embu
Mbethi North( 15,526 3,578 4.3
Gatituri 5416 1,238 4.4 1.70% 18,100
Itabua 6,283 1,449 4.3
Kiangima 3,827 891 4.3
Municipality 36,920 | 11,148 3.3
Dallas/Stadium 16,993 5,902 2.9
Kamiu 11,357 3,260 35 1.70% 43,000
Njukiri 5,092 1,157 4.4
Nthambo 3,478 829 4.2
Sub-Total 52,446 |14,726 3.6 61,100
Nembure
Gaturi South 12,857 2,793 4.6
Ena East 2,969 642 4.6
Gatuduri 5,330 1,145 4.7
Nembure 4,558 1,006 45 230% 36,900
Kithimu 17,251 [ 3,661 4.7
Ena West( ) 1,796 406 4.4
Kithegi 5,789 1,241 4.7
Kithimu 9,666 2,014 4.8
Sub-Total 30,108 | 6,454 4.7
Gachoka
Kiambere 10,810 2,208 4.9
Gacabari 2124 416 5.1
Kiambere 4,886 981 5.0
Riacina 3,800 811 4.7
Kianjiru 17,457 | 3,722 4.7
Kirima 5,894 1,275 4.6
Mbita 3,333 682 4.9
Nv_anqwa 8,230 1,765 47 230%
Mavuria 17,140 3,654 4.7 72,500
Kithunthiri 5,848 1,256 4.7
Mavuria 5,947 1191 5.0
Gichiche 5,345 1,207 4.4
Mbeti South 13,695 [ 3,321 4.1
Gachoka 5,344 1,149 4.7
Gachuriri 4,536 1337 34
Kiamuringa 3,815 835 4.6
59,102 [12,905 4.6
141,656 |34,085 4.2 170,500
1999
ii)
1.7% 2.3
3 2

3-6
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District/Location/Sub- 1999 2009 2015
Location -
( 7 /) (198971999)
Embu
Embu
Mbethi North( 15,526 | 3,578 4.3 19,993
Gatituri 5,416 1,238 4.4 1.70% 18,100 6,974
Itabua 6,283 1,449 4.3 8,091
Kiangima 3,827 891 4.3 4,928
| IMunicipality 36,920 /11,148 3.3 47,542
Dallas/Stadium 16,993 5,902 2.9 21,882
Kamiu 11,357 3,260 3.5 1.70% 43,000 14,624
Njukiri 5,092 1,157 4.4 6,557
Nthambo 3,478 829 4.2 4,479
Sub-Total 52,446 (14,726 3.6 61,100 | 67,535
|INembure
| |Gaturi South 12,857 | 2,793 4.6 18,084
Ena East 2,969 642 4.6 4,176
Gatuduri 5,330 1,145 4.7 7,497
Nembure 4,558 1,006 4.5 2.30% 36,900 6,411
Kithimu 17,251 | 3,661 4.7 24,263
Ena West( ) 1,796 406 4.4 2,526
Kithegi 5,789 1,241 4.7 8,142
Kithimu 9,666 2,014 4.8 13,595
Sub-Total 30,108 | 6,454 4.7 42,347
Mbeere
Gachoka
|__|Kiambere 10,810 | 2,208 4.9 15,204
Gacabari 2,124 416 5.1 2,987
Kiambere 4,886 981 5.0 6,872
Riacina 3,800 811 4.7 5,345
|__|Kianjiru 17,457 | 3,722 4.7 24,553
Kirima 5,894 1,275 4.6 8,290
Mbita 3,333 682 4.9 4,688
Nyangwa 8,230 1,765 4.7 2.30% 11,575
| |Mavuria 17,140 | 3,654 4.7 72,500 | 24,107
Kithunthiri 5,848 1,256 4.7 8,225
Mavuria 5,947 1,191 5.0 8,364
Gichiche 5,345 1,207 4.4 7,518
Mbeti South 13,695 | 3,321 4.1 19,262
Gachoka 5,344 1,149 4.7 7,516
Gachuriri 4,536 1,337 3.4 6,380
Kiamuringa 3,815 835 4.6 5,366
59,102 |12,905 4.6 83,126
141,656 34,085 4.2 170,500 | 193,008
Population Projection
250,000
=== Embu
200,000 === Nembure
Gachoka
= 150,000 e Total
15
£
E 100,000
50,000 &
0
1960 1970 1980 1990 2000 2010 2020
Year
3-2 1969 2015




2)

2015 TWSB  EWASCO
100% 80%
3-5
EWASCO
1999 1999 11
3-3
Njikiri Nthambo
Itabua Gachoka
Kiamringae
Kiamringae
Mbita Nyangwa Kiritiri Maburia
Kanyariri Ena
1,600m’*/ Siakago
EWASCO EWASCO
(Kiritiri) karii
Muchonoke
3
Kiamringae
Kanyariri Nyangwa
Gikiiro
Itabua
Mutugu
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Mutus

TMukangaWTP

Embu

Niikiri
Nthambo Nembure

Kangaru WTP

Embu
Township

Kiamringae
Itabua 9
A, Kiamringae

.Ka(\‘/al'll'l

S
Gikiiro ® X
Gachoka Mbita ‘\‘ A
Gachoka Nyangwa® “\“ Kithinthiri
l Nyangwa \\ Gacabari
R N\aKiritiri _ o Mayori A » Kiambere
Gachuriri Mutugu Mutus Karii G_act_liche
Riacina
A Storaae Tank (
—_— ine Line ls.
JR— Paved Road Iriamurai
== Rough Road
® Gac... Town
Gach..... District
"Mavuria
3-3
250 led 150 Ied 100 Ied
Section21~34 3,300
2008 9 2009 8 113 lcd
60 lcd 50 Icd
40 lcd
551cd
20led 25 lcd
3-4

39



3-4

(%)
Vo
150 Ied
¢ 100% 32%
100 led 37% 32%
55 led 80% (
25 1cd 77 23%)
2008 9 2009 8 ] EWASCO
44% 56%
EWASCO 2015 65%
63 2007
71km 75%

2015

3-10
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2015
District/Location
/Sub-Location (m®/ )
¢/ / High Medium Low High Medium Low (m3/ )
(31%) (37%) (32%) 1(150lcd)|(100Icd)|(100Ilcd)
Embu
| _|Mbethi North 19,993 6,198 7,397 | 6,398 930 740 640 2,309
Gatituri 6,974 2,162 2580 | 2232 324 258 223 805
Itabua 8,091 2,508 2994 | 2589 376 299 259 935
Kiangima 4,928 1,528 1823 | 1577 229 182 158 569
Municipality 47,542 14,738 17,591 |15,213 | 2,211 1,759 | 1,521 5,491
Dallas/Stadium 21,882 6,783 8,096 | 7,002 1,018 810 700 2,527
Kamiu 14,624 4,533 5411 | 4,680 680 541 468 1,689
Njukiri 6,557 2,033 2,426 | 2098 305 243 210 757
Nthambo 4,479 1,388 1657 | 1,433 208 166 143 517
Sub-Total 67,535 20,936 24,988 (21,611 3,140 2,499 2,161 7,800
Population | Population Tapped | Water
for Tapped | for Water Water Place
Nembure Water Place (55led) | (25lcd)
| |Gaturi South 18,084 11,140 3,327 613 83 696
Ena East 4,176 2572 768 141 19 161
Gatunduri 7,497 4,618 1,379 254 34 288
Nembure 6,411 3,949 1,180 217 29 247
Kithimu 24,263 14,946 4,464 822 112 934
Ena West 2,526 1,556 465 86 12 97
Kithegi 8,142 5,015 1,498 276 37 313
Kithimu 13,595 8,375 2,501 461 63 523
Sub-Total(A) 42,347 26,086 7,792 1,435 195 1,630
Population | Population Tapped | Water
for Tapped | for Water Water | Place
Gachoka Water Place (55lcd) | (25lcd)
| |Kiambere 15,204 9,366 2,798 515 70 585
Gacabari 2,987 1,840 550 101 14 115
Kiambere 6,872 4233 1264 233 32 264
Riacina 5,345 3,293 983 181 25 206
| |Kianjiru 24,553 15,125 4,518 832 113 945
Kirima 8,290 5,107 1,525 281 38 319
Mbita 4,688 2,888 863 159 22 180
Nyangwa 11,575 7,130 2,130 392 53 445
| |Mavuria 24,107 14,850 4,436 817 111 928
Kithunthiri 8,225 5,067 1513 279 38 316
Mavuria 8,364 5,152 1,539 283 38 322
Gichiche 7,518 4631 1,383 255 35 289
Mbeti South 19,262 11,865 3,544 653 89 741
Gachoka 7,516 4,630 1,383 255 35 289
Gachuriri 6,380 3,930 1174 216 29 246
Kiamuringa 5,366 3,305 987 182 25 206
Sub-Total(B) 83,126 51,206 15,295 2,816 382 3,199
(A)+(B) 125,473 77,291 23,087 4,251 577 4828
Total 193,008 167,913 12,628
2005
1999 1.7%
2.3%
1.7 /



EWASCO

31% 32%
2%
(Icd)
Sub-Location( 3-6
2015
LCD
(%) mé/
A
100 20,936 20,936 150 3,140
100 24,988 24,988 100 2,499
100 21,611 21,611 100 2,161
( ) 80 96,614 77,291 55 4,251
80 28,859 23,087 25 577
[AL(m*/ ) 193,008 | 167,913 12,628
B.
( ) 683 200 137
19 5,000 93
734 20 15
3,628 50 181
: 20,725 25 518
[B] (m%/ ) 944
C. Large Users
( ) 141
( ) 435
44
GOK ( 272
( ) 1,088
[C] (Mm% ) 1,980
D. Livestock Conversion
33,329 33,329 1,666
65,351 4,357 218
114 23 1
624 125 50 6
3,459 35 2
114,054 1,141 57
1,950
20% 20 390
[A]+[B1+[C]+[D] (m3/ ) 15,942
(%) 75
(m*/ ) 21,257
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Sub-Location

3-7 21,257( - 21,000)m’/
23,000 m*/
3-7 ( )
/ /
(m3/day) (m3/day)
Embu Gachoka
Mbethi North 4,091 Kiambere 901
Gatituri 1,427 Gacabari 177
Itabua 1,655 Kiambere 407
Kiangima 1,008 Riacina 317
Municipality 9,727 Kianjiru 1,456
Dallas/Stadi 4477 Kirima 491
Kamiu 2,992 Mbita 278
Njukiri 1,342 Nyangwa 686
Nthambo 916 Mavuria 1,429
Sub-Total(A) 13,818 Kithunthiri 488
Nembure 0 Mavuria 496
Gaturi South 1,072 Gichiche 446
Ena East 248 Mbeti South 1,142
Gatunduri 444 Gachoka 446
Nembure 380 Gachuriri 378
Kithimu 1,438 Kiamuringa 318
Ena West 1501 Sub-Total(C) 4,928
Kithegi 483
Kithimu 806 Total 21,257
Sub-Total(B) 2,511
3-2-2-2 /
@
1)
MoWIl  WRMA
No.2 79.3km”
120.3km’
1 1970
1996 MoWI
2000
3 8
1970 1996
Hazen

3-13



8-4

3-8
3.9 No. (m°/s)
1 1977 0.074
2 1978 0.127
m3/s 3 1980 0.197
4 1994 0.275
5 1979 0.408
6 1988 0.455
7 1987 0.555
5 0.43 37,200m/ )| 0.65 56,360m/ ) 8 1992 0555
10 0.31 (26,800m/ )| 0.47 (40,6321%/ ) 19— 0662
12 1971 0.777
25 0.21 (18,100m/ )| 0.32 (27,525m/ ) 13 1974 0777
14 1984 0.777
50 0.15 (13,000m/ )| 0.23 (19,661m/ ) » 1572 o521
17 1973 0.998
18 1985 1.017
19 1969 1.244
20 1981 1.28
21 1983 1.28
22 1991 1.49
23 1993 1.71
24 1998 1.862
25 1989 2.179
26 1995 2.179
27 1996 2.179
28 1982 2.346
29 1990 3.507
1997
1999
(Ref: WRMA Rupingazi Discharge
2) Data 4DC03)
9,000m>’ EWASCO 20,000 m®/ 29,000
m’/ EWASCO 23,000 m®/
30,000 m®/  0.35m’/
25,000 m®/
30,000 m’/  0.35m’/ 10
30,000 m*/ 1977 114
1977 122 1978 2 3 28 1980 2 4 29
3-4
2 3

3-14



Water Discharge and Intake at No.4 Inatke

16

1977 1.52 \ \
14 |——1978 152
—— 1980 1.52 \\'7 A
— Planned Water Intake
Volume 30,000m3/da
—— Average Dischargein Last[10
ars \ \
f V/\Lg
Ny \\ A= \AW
|

] T iy

Pk S e U NS

M !

12

<

-
(=}

L‘>—
>

Discharge m3/s)
[o°]
L
—
— |
—
—

M, A i
0

01-Jan 01-Feb 01-Mar  01-Apr 01-May 01-Jun 01-Jul 01-Aug 01-Sep  01-Oct 01-Nov  01-Dec

3-4
@
0.4 13m 2~3
1.15m 1.35
1.15% 0.5mx 2=1.15m’ 30,000m’/  (=0.347m’/ )
0.3m/ 50

®
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2)

EWASCO 20,000m’/ 30,000 m’/
2.1% EWASCO
2.1% 2% 20 1.5
7 23,000% (1.041)" 30,470m>/ 7 30,000m’/
EWASCO 30,000m*/
317mm
30,000 m’/
23,000m’/
30m 3-10
3-10
3,200 m 5870 m
(m) (m) m) (m) (m)
1,665.5 1,655.0 10.5 1,621.5 44
3-11 355mm 317mm PVC 44m 14m
30m 3-12
QU 45m
Q2
30m 14m
3-11
(mm) m m/s m/d
317 44 0.1248 10,780
317 14 0.0672 5,805
C 130
3-12
m/ m/
01 30,000 0.347
Q2 23,000 0.266
Q1" 19,220 0.222
Q2" 30m 17,195 0.199
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3-13 QI Q2

Om 30m
3-13
Qmax
(m)
(mm) Om 30m
Q1" Q2" mé/ mé/ mé/ mé/

350 50.1 40.7 0.220 19,000 0.148 12,800

400 26.1 21.3 0.261 22,500 0.182 15,700

450 14.7 12.0 0.310 26,800 0.224 19,300

500 8.8 7.2 0.369 31,900 0.274 23,600

C 120
30,000m’/ 500mm 500mm
30m 23,000m’/
500mm
3)
44m
uPVC 10Bar 317mm
PVC 355mm
355mm
3-7
‘‘‘‘‘ — DCIP_D500
1610 ;g_%—"&E ________ / 1610
Steel Support
1605 1605
0+4+000.000 0+020.000 0+035.640
3-7
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®)

3-14

RC 2.0mx  4.3mx 1.0mx
RC 2.0mx 3.6mx 1.0mx
1.5mx 1.8m
RC 1.5m
RC 1.5mx 1.5m 2.0m
1000mm  30m
20 x 11.0 x 2.2m
20 x 4.3mx 2.2m
30m
1
1
2
500mmx 5.9km
< >
L=5,870 m
L=20 m
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3-2-2-3

(€))
21,000m’/
10,000m’/ 2
11,000m’*/
8% 1
11,000m*/ 2 12,000m’/ 23,000m’/
@)
3-8
100
2 20
32 42 10
¢! / x20 20 )+ 0.2 x 20
4 + 10 x1 10 ) 34
2
Bleaching powder
1
2 3-8
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3-15

1.5
30
3.5
120m/
€))
1)
a.
17% 100kg/
Na2CO3 97% 50kg/
65%
b.
No.4
3-16 10NTU
100NTU
3-16 No.4 NTU
2007 2008 2009 2009 2009
1 12 9 12 1 9 6 17 10 15
12.8 7.0 8.2
2.0 3.2 1.2
394 76.6 361
EWASCO EWASCO EWASCO JICA

2)
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3-17

mg/L mg/L
13.74 8.02
2005 1 12 8.95 6.01
20.82 11.86
15.13 6.71
2006 1 10 12.25 5.88
21.31 12.01
EWASCO
8-6
10 18 20NTU 5 7INTU S00NTU
20 24mg/L 50mg/L
8mg/L
a 6 a/T
a mg/L
T (NTU)
a
T=20 a=2.0
T=20 10-0 a=1.6
T=100 a=1.4
2007
T=12.8 a =13.2
T=394 o =33.8
«C )
0.492 0.5
1/2
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3-18

(mg/L)
(O | M| Em
2009 15 7.5
10 19 17.9 7.4 26.7 20 10
25 12
30 15
f.
3-19
(mg/L) X (Kg/ )
* ( x 1/2) | (m’/day)
20 20 3.4 10 23,000 460 230
20 50 30 5.1 15 23,000 690 345
50 100 40 6.8 20 23,000 920 460
100 50 8.5 25 23,000 1,150 575
* 17%
3)
EWASCO 0.2mg/L
65%
3-20 EWASCO
mg/L mg/L
2.32 1.51
2008 1 12 1.64 1.07
2.64 1.72
2.67 1.53
2009 1 9 2.20 1.46
3.16 2.05
EWASCO
65%
3-21
(mg/L) (mg/L) (m’ ) (kg/ )
1.0 1.54 23,000 354
2.0 3.08 23,000 70.8
3.0 4.62 23,000 106.3
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4

23,000m’/
30m
P=98xHexQxE
P (kW)
He 30m
Q 23,000m’/ = 0.266m’/sec
E 0.7

P=9.8x30x0.266 x 0.7 =54.7kW

50kW

®
3-22

3-25

8-5

3222 (4)



3-22

1. (RC ) 3.5mx  6.3mx  3.0mx2
2. (RC ) 1.5Smx  3.5mx  3.0mx2
3. 2 (RC ) 1.5Smx  3.2mx 3.0mx2
4. (RC ) 1.5Smx 2.0mx 3.0mx2 80cm 0.5m
5. (RC ) 3.85mx 7.0mx 2.5m x2
6. (RC ) 8.0mx  31.0x 3.5x2
2.5%  5.0mx2x4
0.6m
7. (RC ) 0.7m 120m/
4.8mx  26.9m
2. ®RC ) 7.5mx  7.5mx  3.0mx1 2
10m
- (RC ) 7.5mx  7.5mx  2.5mx1
10. (RC ) 32.0mx  4.0mx2
8. ( 12.0mx  32.5m+ 12mx 22.5m)x 1.0mx
) 2
6.4mx 18.0m (2 ) 90
:6.4%x 11.9m
9. / 3
(RC ) :6.4x 6.0m 3.6m’x 3
:6.4%x 14.6m
3.6m’x 2
10. ( 4.8mx  15.0m
) 4.8x7.2m
4.8x4.8m(
90
11. 6.0mx 10.8m 3.61’1‘13 2
3.6m° 1
12. 5.0mx  7.0m
13.
14. / 1
15.
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50kW

1

2 W 1000mm St400mm 2
3-FT W300 mm x H 300 mm x 4
4. RSF Dia.250mm 4
5. RSF W500mm H500mm 4
6. RSF Dia.250mm 4
7. RSF Dia.400mm 4
3
8. 1
2
2
9. 1
2
10. 0.25Ton
2
11. 1
2
1
12. 1
2
13.
27m’  x25mx22kWx2 (1
14.
15. 4
16. 2
17. 1
1. 11kV 415V 100kVA
2. ACB 225AF
3. ACB 225AF
4. MCC
5. UPS 5kVA 240V
6.
7.
8.
9.
10.
11.
12.
13.

3-27




3-2-2-4

3,000m® 6,000m*
2,400m® 8,400m® 1612m
1508m
@
2
1611.8m
1617m
®
3-23 LWL 1,612.8m) WL1,507.6m)
5, 2km 105.2m
3-23
5,200 | m
(m) (m) (m)
1,612.8 1,507.6 105.2
315mm 16Bar uPVC
3-9
0.6km 315mm
Casel  Case2
Casel
Case2

Casel Case2

355mm
3-25
3-26
355mm PVC
272mm 315mm uPVC

3-28
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200m

Case2



Mukangu Mukangu
E @ 355mm
© —p Existing line
¢ 355mn|  f—> —d‘/— ¢ 315mn 5
@ 315mm @ 315mm > New line
e
Existing é‘) _% ¢ 225mm
¢ 315mm ™ ™
“—> ° < |2 1gomm
@ 160mm
Existing
E ¢ 315mm
~
—
vy Vv \ vy Vv
Kangaru Kangaru
Case-1 Case-2
3-9
3-24
(mm) m m*/ m*/
272 105.2 0.1325 11,445
3-25
m*/ m*/
Q 15,000 0.174
Ql 3,555 0.041
3-26
(mm) Casel) Case?2)
mm m’/ m’/ m’/ m’/
272 | 0.144 12,400 | 0.276 | 23,800
307 | 0.197| 17,050| 0.330| 28,500
Case 1) 2) 315mm
3)
Case2 PVC 315mm 16bar
315mm
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®

3-27
/
upPvc_ 355mm x 5.2k
< >
L=5,200m uPVC
3-2-2-5
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2015
B- C. D. 21,000m*/
, (m3/day) ’
@7/ ) air y @7 | @) 7 )| @7 )
Embu
Mbethi North 2,309 173 586 3,068 4,091 4,041 4,041 0
Gatituri 805 60 204 1,070 1,427 1,410  1,410|-
Itabua 935 70 237 1,242 1,655 1,635 1,635]-
Kiangima 569 43 144 756 1,008 996 9961-
Municipality 5,491 410 1,394 7,295 9,727 9,610 530 9,079
Dallas/Stadiur 2,527 189 642 3,358 4,477 4,423|- 4,423
Kamiu 1,689 126 429 2,244 2,992 2,956}- 2,956
Njukiri 757 57 192 1,006 1,342 1,325 530 795
Nthambo 517 39 131 687 916 905]- 905
Sub-Total(A) 7,800 583 1,980 10,363 13,818 13,651 4,571 9,079
Nembure 0
Gaturi South 696 52 56 804 1,072 1,059 1,059
Ena East 161 12 13 186 248 245 245)-
Gatunduri 288 22 23 333 444 439 439]-
Nembure 247 18 20 285 380 375 375]-
Kithimu 934 70 75 1,079 1,438 1,421 1,421
Ena West 97 7 8 112 150 148 148|-
Kithegi 313 23 25 362 483 477 477]-
Kithimu 523 39 42 604 806 796 796|-
Sub-Total(B) 1,630 122 132 1,883 2,511 2,480 2,480
Gachoka 0
Kiambere 585 44 47 676 901 891 890
Gacabari 115 9 9 133 177 175)- 175
Kiambere 264 20 21 306 407 402}- 402
Riacina 206 15 17 238 317 313]- 313
Kianjiru 945 71 76 1,092 1,456 1,438 1,439
Kirima 319 24 26 369 491 486]- 486
Mbita 180 13 15 208 278 275)- 275
Nyangwa 445 33 36 515 686 678|- 678
Mavuria 928 69 75 1,072 1,429 1,412 1,412
Kithunthiri 316 24 26 366 488 482]- 482
Mavuria 322 24 26 372 496 490]- 490
Gichiche 289 22 23 334 446 440]- 440
Mbeti South 741 55 60 856 1,142 1,128 1,128
Gachoka 289 22 23 334 446 440]- 440
Gachuriri 246 18 20 284 378 374]- 374
Kiamuringa 206 15 17 239 318 314}- 314
Sub-Total(C) 3,199 239 258 3,696 4,928 4,869 4,869
(§)+(C) 4,828 361 390 5,579 7,439 7,349] /,051] 15,949
Total 12,628 944 1,980 390 15,942 21,257 21,000 21,000
Water CAD 3-28
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