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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

E&4E (Ministry of Rods :MOR)

Eng. M.S.M.Kamau, CBS, HSC, Permanent Secretary
Eng. P.C Kilimo, OGW, Roads Secretary

Eng. P.M.Nwinzi, Chief Engineer (Roads)

A EAE%E (Ministry of Local Government :MOLG)
Mr. Mutua P. Nzoka OGW (Director of Market Development Department)

‘r =7 # B4t (Kenya Urban Roads Authority :KURA)
Eng. Joseph N.Nkadayo, Director General & CEO

Eng. Silas M. Kinoti, General Manager (Roads)

Eng. James W. Theuri, General Manager (Planning)

Eng. James M. Mwatu General Manager (Design & Construction)
Mr. Francis M. Kiminza Manager (Survey)

Mr. Wilson Lepartobiko Engineer (Planning)

EZIREEET (National Environmental Management Authority :NEMA)
Mr. Malwa Langwen, Director (Compliance & Enforcement)

Ms. Irene Kamunge, Principal Legal Officer

F4 REM&FT (City Council of Nairobi :CCN)
Mr. Geoffrey Kihoro, Assistant Director (Parks and Open Spaces)

Mr. Izek Muraya, Assistant Director (Environmental Planning and Management)

KR JHE 4 (European Union :EU)
Eng. Andrew GITONGA Project Officer

t#HREEIT (World Bank :WB)

Mr. Josphat Sasia Senior Economist
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Minutes of Discussions
on
the Preparatory Survey
on
the Project for Dualling of Nairobi-Dagoreti Corner Road C60/C61
in the Republic of Kenya

Referring to the results of Preliminary Study conducted in September 2009, the Government of
Japan decided to conduct a Preparatory Survey for Outline Design on the Project for
Dualling of Nairobi-Dagoreti Corner Road C60/C61 (hereinafter referred to as "the Project") and
entrusted the study to the Japan International Cooperation Agency (hereinafter referred to as
"JICA™).

JICA started the Preparatory Survey for Outline Design from May 2010, and the Government of
Kenya sent their request letter to JICA Kenya Office regarding design on the City Mortuary
Roundabout Junction in October 2010.

To confirm the design on the City Mortuary Roundabout Junction, JICA sent to Kenya the
Survey team (hereinafter referred to as “the Team™) which is headed by Mr. Hiroshi ITOYAMA,
Deputy Director of Economic Infrastructure Department, JICA, and is scheduled to stay in the
country from January 17th to January 21st, 2011.

The Team held discussions with the concerned officials of the Government of Kenya. In the
course of the discussions, both sides have confirmed the main items described in the attached sheet,
‘The Team will proceed to further works and prepare the Preparatory Survey Report.

Nairobi, January 21, 2011

— 2 =<
)y‘/'rbr )é / ; 4 4/:;;}‘ : %sﬁ:__:?:

Mr Hiroshi ITOYAMA 7 : Eng. Michael S.M. KAMAU, CBS, HSC
Leader Permanent Secretary
Preparatory Survey Team Ministry of Roads

Japan International Cooperation Agency Republic of Kenya

WDAYO

Director General & CEO
Kenya Urban Roads Authority
Republic of Kenya
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ATTACHMENT

1. Both sides confirmed that designing of a grade-separated junction at City Mortuary is not
included as a Project component.

2. The Team explained that improvement of the roundabout proposed by the Team has a capacity to
accommodate the expected traffic volume at City Mortuary junction up to 2022.

Lo

However, GOK referred to the necessity of the grade separation as an urgent Project. Both sides
confirmed that JICA’s proposal (intervention as item 2 above), provides one solution that enables
later construction of a flyover interface at City Mortuary junction.

4. GOK. agreed that any future implementation of the grade separation (flyover or underpass) should
be done without demolishing any part of the Project.

A4-13
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Minutes of Discussions
on the Preparatory Survey
on The Project for Dualling of Nairobi-Dagoreti Corner Road C60/C61
in the Republic of Kenya
(Explanation on Draft Report)

In May 2010, Japan International Cooperation Agency (hereinafier referred to as “JICA”)
dispatched an Outline Design Study Team on the Project for
Dualling of Nairobi-Dagoreti Corner Road C60/C61 (hereinafter referred to as “the Project”™) which
covers the section of Ngong Road from All Saints Cathedral junction to Adams Arcade in the
Republic of Kenya (hereinafter referred to as “Kenya™), and through discussion, field survey as well
as after technical examination of the results in Japan, JICA prepared a draft report of the study.

In order to explain and consult with the officials of the Government of Kenya on the
components of the draft report, JICA sent to Kenya the Outline Design Explanation Team
(hereinafier referred to as “the Team™) which is headed by Shigeo Nakagawa, Senior Representative,
JICA Kenya Office from March 16 to March 18, 2011.

As the result of the discussion, both parties confirmed the main items described on the attached
sheets hereto;

A

Nairobi, March 18, 2011

Mr. Shigeo Nakagawa @

Leader 7 TR

Outline Design Explanation Team Kenya Urban Roads Authority (KURA)
Japan International Cooperation Agency The Republic of Kenya

Japan

2R S

-~ Eng. Michael M.S. Kamau, CBS, HSC
" Permanent Secretary

Ministry of Roads

The Republic of Kenya

—/gﬁe L.

Mr. Joseph Kinyua, CBS
Permanent Secretary
Ministry of Finance

The Republic of Kenya

’[‘!I.E:i‘f‘!\'-f”\m\'.f Sé't. '}"a‘?ﬂi ‘
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ATTACHMENT

1. Contents of the Draft Report
The Kenyan side agreed and accepted in principle the contents of the draft report explained by
the Team.

2. Japans’ Grant Aid scheme
The Kenyan side understands the Japan’s Grant Aid Scheme and the necessary measures to be
taken by the Government of Kenya as explained by the Team and described in Annex-1.

3. Schedule of the Study
JICA will complete the final report in accordance with the confirmed items and send it to the
Government of Kenya by April, 2011,

4. Cost Estimation
The Project Cost Estimation, as attached in Annex-2, is confidential and should never be
duplicated or disclosed to any outside parties before the signing of all the contracts for the
Project.

5. Other Relevant Issues
5-1. The Kenyan side shall secure enough budget and personnel necessary for operation and
maintenance of the roads, bridges and relevant facilities constructed by the Project.

5-2. Monitoring for Environmental and Social considerations will be conducted by Kenya Urban
Roads Authority. The results of monitoring will be provided to JICA by filling in the
Monitoring Form attached as Annex-3, as part of progress reports before construction, during
the construction phase, at completion of the Project and two years after completion of the
Project.

5-3. The environmental and social considerations including major impacts and mitigation measure
for the Project are summarized in the Environmental Checklist attached as Annex-4.

Annex-1: Major Undertakings to be taken by Each Government
Annex-2: Project Cost to be borne by Japan’s Grant Aid
Annex-3: Monitoring Form

Annex-4: Environmental Checklist
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Major Undertakings to be taken by Each Government

Annex-1

No. Ttems To be covered | To be covered by
by Grant Aid| Recipient side

1 | To secure land .
2 | To clear all the obstructions from the site .
3 | Relocation, improvement and/or repair of existing utilities(power lines,

telecommunication lines, water lines, ete.), if necessary ™
4 | To bear the following commissions to a bank of Japan for the banking services

based upon the B/A

1) Advising commission of A/P .

2) Payment commission ]
5 | To ensure prompt unloading and customs clearance at the port of disembarkation in

recipient country

1) Marine{Air) transportation of the products from Japan to the recipient country .

2) Tax exemption and custom clearance of the products at the port of

disembarkation *

3) Internal transportation from the port of disembarkation to the project site »
6 | To accord Japanese nationals whose services may be required in connection with

the supply of the products and the services under the verified contract such

facilities as may be necessary for their entry into the recipient couniry and stay *

therein for the performance of their work
7 | To exempt Japanese nationals from customs duties, intermal taxes and other fiscal

levies which may be imposed in the recipient country with respect to the supply of *

the preducts and services under the verified contract
8 | To maintain and use properly and effectively the facilities constructed and

equipment provided under the Grant Aid ¢
9 | To bear &ll the expenses, other than those to be borne by the Grant Aid, necessary

for the transportation and installation of the equipment ¢

A4-16




Annex-2

[CONFIDENTIAL]
Project Cost to be Borne by Japan’s Grant Aid

The total project cost necessary to implement the Project is estimated at 1,763.0 Million Yen.
The costs to be borne by both governments, Japan and Kenya, as described in the draft report of the
Outline Design Study and respective details are estimated as follows on the conditions shown in (3)

below.

(1) Cost borne by the Government of Japan
Total Cost: approximately 1,763.0 Million Yen

Item Estimated Cost (Million Yen)

Total 1,677.2

Earthwork 197.2

Facility Road Pavement 1,018.5
Faclility Structure 214.6

Drainage 2469

Detailed Design / 37.0
Construction & Supervision 48.8

Notes:
The cost estimates in the above table are provisional and will be further examined by the

Government of Japan for the approval of the Grant.

(2) Cost borne by the Government of Kenya
Total Cost approximately 109.1 Million Ksh (Approximately 133.1 Million Yen)

1) Land Acquisition Cost ‘ 50.0 Million Ksh (app. 61.0 Mil.Yen)
2) Social Cost for Relocation of Person 3.0 Million Ksh (app. 3.7 Mil.Yen)
3) Utility Relocation Cost 47.0 Million Ksh (app. 57.3 Mil.Yen)
4) Environmental Monitoring Cost 8.2 Million Ksh (app. 10.0 Mil.Yen)
5) Bank Commission 0.9 Million Ksh (app. 1.1 Mil.Yen)

(3) Conditions in Cost Estimate
t) Time of Cost Estimate : June, 2010
2) Exchange Rate : 1US Dollar=92.12 Yen 1 Ksh=1.22 Yen
3) Construction Period : approximately 16.0 months
4) Cost estimate is implemented in accordance with the guideline of Japan’s Grant Aid,

%




Monitoring Plan
1. Responses/Actions to Comments and Guidance from Government Authorities and the Public

Annex-3

Monitoring Ttem

Monitoring Results during Report Period

ex.) Responses/Actions to Comments and Guidance

from Government Authorities

2. Mitigation Measures
- Air Quality (Emission Gas / Ambient Air Quality)
Measured Measured Country's Standards Referred Remarks
Item Unit Value Value Standards for International {(Measurement Point,
{Mean) {Max.) Contract Standards Frequency, Methed, etc.)
SO, To use NEMA registered
expert in consultation with
NEMA. Guidelines to be
agreed with NEMA.,
NO, Ditto
CO Ditto
O, Ditto
Soot and Ditto
dust '
SPM Ditto
Dust Ditto
- Water Quality {Effluent/'Wastewater/Ambient Water Quality)
Measured | Measured | Country’s | Standards Referred Remarks
Ttem Unit Value Value Standards for International (Measurement
(Mean) (Max.) Contract | Standards Point, Frequency,
Method, ete.)
pH Hydrogen ion 6.5-8.5 6.5-85 | WHO To use NEMA
registered expert in
consultation with
NEMA.
Guidelines to be
agreed with
NEMA.
S8 Mg/l 30 30 WHO Ditto
(Suspended
Solid)
BOD/COD | MgA 30-50 30-50 WHO Ditto

4 %__—? :S“_Zl(
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DO Mg/l - - WHO Ditto
Total Mg/l 2~ 2- WHO Ditto
Nitrogen Guideline | Guideline
value value
Total Mg/l 2- 2— WHO Ditto
Phosphorus Guideline | Guideline
value value
Heavy Mg/l 0.01 0.01 WHO Ditto
Metals
Hydrocarbo | Mg/l 02 02 WHO Ditto
ns / Mineral
Qils
Phenols Mg/l 0.001 0.001 WHO Ditto
Cyanide Mg/l 2.0 2.0 WHO Ditto
Temperature | Degree Celsius +3or-3 +3o0r-3 | WHO Ditto
based on
ambient
temperature

Source: Kenya subsidiary legislation 2006

- Waste

Monitoring Item

Monitoring Results during Report Period

Solid waste from domestic and industrial sources

Excavated soil and other demolition waste

Amount of waste in tones transported to the damp site

- Noise
Measured { Measured | Country’s | Standards Referred Remarks
Item Unit Value Value Standards for International | (Measurement
{Mean) (Max.) Contract | Standards Point,
Frequency,
Method, etc.)
Noise level dB Day time:75 | Day time: NEMA expert to
construction Night Time: | 75 monitor for
65 Night Time: KURA, with
65 KURA taking
responsibility.

Source: The Environmental Management and
Pollution) {Control) Regulations 2009

Coordination (Noise and Excessive Vibration




3. Natural Environment

- Ecosystem

Monitoring Item

Monitoring Results during Report Period

Tree logging and reduced rate of green

vegetation coverage

The number of trees necessary logging was
confirmed in cooperation with the CCN
Department of Environment, for impact reduction

4. Social Environment

- Resettlement _
Monitoring Item Monitoring Results during Report Period
PAPs along the corridor The number of PAPs
compensated/assisted/resettled
- Living / Livelihood

Monitoring Item

Monitoring Results during Report Period

Economic activities of PAPs

The level of income restoration achieved after

resettlement/assistance/compensation
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1. £44

=T E YA 7 E L G

2. BFoER (BHOLEN - fLEMT)

fr =T EWNER KO TH 2 A a2 eV Cid, ARSI, @ibss@mosmm, sk
DM L D IR AT DEIZ LD | A GELAME L, RFHES, KR
G - BEEEOHBBEAELF R LTS, £z, 74 r EHNOBENITRINE— 7
A3l & D 2 500 B b RF 2 22 U, R - BREFOIRE &\ o 7o U@ T ]+ By
FOMZRNTND, T A 2 EHO A AL 2025 FEITITFAED 300 5 A5 430 T A~
N9 2 EHERI S v, T v EE T O @I E T E T 5 2 e TSNS,
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(1) 7uv=7 MERitEo B E
< A v ETHEEER & TR - TN X [ O 2 42T A A — R 7R A8l O fElR
- PRIHERNLC X D l@iE = A b O
- HRERRIEC K 2 97 OB B OFIMENE, eV
(2) 7uv=7 N2EREHEORR
VIV TEBOT LR T = — RRFEENO Y A THER/ T =T v Z B A FE
(4. 69km) X DIEHE 2 HARH G 4 FAR~D IR & OB
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TERBRER
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CHAINAGE SIDE DMAX Moving
Ave.
(1/100mm) (1/100mm)
0+100 R 36 25
0+100 L 36 24
0+300 R 22 24
0+300 L 14 25
0+500 R 36 26
0+500 L 26 25
0+700 R 16 24
0+700 L 18 25
0+900 R 30 25
0+900 L 20 24
1+100 R 20 25
1+100 L 18 25
1+300 R 24 25
1+300 L 36 25
1+500 R 30 25
1+500 L 15 24
1+700 R 26 24
1+700 L 20 24
1+900 R 20 24
1+900 L 30 25
2+100 R 26 25
2+100 L 28 25
2+300 R 30 25
2+300 L 32 24
2+500 R 32 23
2+500 L 28 23
2+700 R 20 22
2+700 L 18 22
2+900 R 20 23
2+900 L 22 23
3+100 R 22 23
3+100 L 25 23
3+300 R 22 23
3+300 L 28 23
3+500 R 14 22
3+500 L 14 23
3+700 R 20 24
3+700 L 35 24
3+900 R 30 23
3+900 L 28 22
4+100 R 32 21
4+100 L 20 19
4+300 R 14 19
4+300 L 18 20
4+500 R 26 21
4+500 L 16 16
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() B —EARE (DCPRER) MR

MINISTRY OF ROADS
MATERIALS TESTING & RESEARCH DEPARTMENT

Project Name I Ngong Road ] Client Across Africa consultant
DCP Tests Summary Report
Test Chainage Offset Surface Subgrade
No. | TestDate | (km) |Location] (m) Moisture CBR SNP
1 128/05/2010] 0.08 Lane 1 5 Moderate 3 0
2 |28/05/2010] 0.1 Lane 2 5 Wet 7 0.94
3 128/05/201¢] 0.2 Lane 1 5 Moderate 16 1.56
4 128/05/2010} 0.2 Lane 2 5 Moderate 16 1.56
5 |28/05/2010f 03 Lane 1 8 Moderate 6 0.81
6 128/05/2010} 0.5 Lane 1 6.5 Wet 4 0.23
7  129/05/2010] 0.7 Lane 1 5 Wet 7 0.97
8 |[29/05/2010f 0.9 Lane 2 7.2 Wet 11 1.29
9 129/05/2010] 1.1 Lane 2 5 Wet 4 0.38
10 129/05/2010] 1.3 Lane 2 5 Moderate 3 0.16
11 }29/05/2010] 1.5 Lane 1 5 Moderate 9 1.12
12 |29/05/2010f 1.7 Lane 1 8.1 Moderate 4 0.5
13 |29/05/2010] 1.9 Lane 1 4.5 Moderate i5 1.53
14 |29/05/2010] 2.1 Lane 2 5 Moderate 36 1.97
15 129/05/20101 2.3 Lane 2 5 Moderate 7 0.98
16 |28/05/2010] 2.55 Lane 2 5 Moderate 6 0.7
17 |28/05/2010] 2.7 Lane 2 20 Moderate 6 0.86
18 |[28/05/2010] 2.9 Lane 2 20 Moderate 13 1.43
19 [28/05/2010] 3.1 Lane 1 5 Moderate 5 0.66
20 |28/05/2010] 3.3 Lane 1 6 Moderate 14 1.5
21 {28/05/2010f 3.7 Lane 2 5 Moderate 3 0
22 [28/05/2010f 3.9 Lane 1 10 Moderate 9 1.11
23 28/05/2010] 4.1 Lane 1 6 Moderate 38 1.99
24 [28/05/2010f 4.3 Lane 2 6 Moderate 10 1.23
25 128/05/2010f 4.5 Lane 2 7 Moderate 7 0.9
Date of Report: 9/8/2010 0:00
PSE(PIPM) (F SPSE(RSPM)
UGS )
AUblrow lef2et0
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(5) BEIR HRBINLE D HBHERL DB £

Hole SOIL PROFILE LITHOLOGY
No. Chainage Depth Offset
C1 KmO0+150RHS |0.2M 5M Over burden
1.1M Red latteritic gravel
Cc2 KmO0+550 LHS |0.3M 6.2M Over burden
0.9M Black cotton soil
0.9M Nairobi Tuff
C3 Km 0+950 RHS |0.3M 7.2M Over burden
1.0M Black cotton soil
C4 Km 1+350LHS |0.5M 5.5M Over burden
1.0M Black cotton soil
C5 Km1+750LHS |0.3M 6.0M Over burden
1.1M Black cotton soil
1.1M Homogeneous Rock
C6 Km 2+100RHS |0.3M 5.5M Over burden
0.8M Red sail
1.1M Red latteritic Grawel
Cc7 Km 2+550 RHS |0.7M 5.7TM Ovwerburden
1.0M Brown gravel mixed with black cotton
1.0M Homogeneuos Rock
C8 Km 3+000RHS |0.5M 9.0M Over burden
0.9M Brown soft rock
0.9M Homogeneous Rock
C9 Km3+500LHS |0.7M 5.5M Ovwer burden
1.1M Red latteritic gravel
C10 |Km 0+200LHS [0.6M 5.0M Over burden
1.0M Grey soil
C11 Km4+50LHS 0.4M ™ Over burden
1.0M Black cotton soil
C12 Km4+500RHS [|1M 5.0M Over burden
1.3M Red coffee sail
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AR ANLE & KA EO BN EE (5 H)

]S)eecstiiirrll Traffic Count Station Station ?Z?g:ﬁuf Mini Truck Mefiri;nulcl lea) He;:uycfa) Arﬁt;:;(lz(ted
- Adamas Arcade Sta. 0+450 1,748 543 347 198 37
1 ML7 Intersection Sta. 0+950 2334 624 338 188 44
2 Kenya Baptist Church Sta. 2+350 2,920 705 328 178 51
3 Kenya Hospital Sta. 3+000 2429 266 124 36 6
4 Transcom House Sta. 3+850 1,902 86 50 13 1

Note: ADT at ML7 intersection is obtained by assuming that ADT vary linearly between Adams Arcade and Kenya Baptist Church.

axaHHIE (2013-2022) (Zi@Ei g A K H A E &

P, 4 HEHLERKO 1 HEHITII RO AR RO 80%ANMiE T 5 LAKET D,

o PR A A A (K H-1)

Standard & .. Medium (2a) | Heavy (3a) Articulated

Year Large Bus Mini Truck Truck Truck Truck Grouth Rate
2010 934 250 135 75 18
2011 1,014 271 147 82 19 1.09
2012 1,088 291 157 88 21 1.07
2013 1,156 309 167 93 22 1.06
2014 1,218 326 176 98 23 1.05
2015 1277 341 185 103 24 1.05
2016 1,331 356 193 107 25 1.04
2017 1,383 370 200 112 26 1.04
2018 1431 382 207 115 27 1.03
2019 1477 395 214 119 28 1.03
2020 1,520 406 220 123 29 1.03
2021 1,562 417 226 126 29 1.03
2022 1,601 428 231 129 30 1.03
Total 4,395,886 1,174,943 635,673 354,555 82,993

Note: Total = (2013 -2022) x (265 + 100 x 0.5)

Higl o r =T N7 F A MMppaEr (KH-2)
Standard & L Medium (2a) | Heavy (3a) Articulated

Year Large Bus Mini Truck Truck Truck Truck Grouth Rate
2010 1,168 282 131 71 20
2011 1,269 306 143 77 22 1.09
2012 1,361 329 153 83 24 1.07
2013 1,446 349 162 88 25 1.06
2014 1,524 368 171 93 27 1.05
2015 1,597 386 179 97 28 1.05
2016 1,666 402 187 102 29 1.04
2017 1,730 418 194 105 30 1.04
2018 1,790 432 201 109 31 1.03
2019 1,848 446 208 113 32 1.03
2020 1,902 459 214 116 33 1.03
2021 1,954 472 219 119 34 1.03
2022 2,003 484 225 122 35 1.03

2013-2022| 5,499,716 1,327,842 617,776 335,257 96,057

Note: Total = (2013 -2022) x (265 + 100 x 0.5)
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s =7 beRn (IKF-3)

Standard &

Medium (2a)

Heavy (3a)

Articulated

Year Large Bus Mini Truck Truck Truck Truck Grouth Rate
2010 972 106 50 14 2
2011 1,056 115 54 16 2 1.09
2012 1,132 124 58 17 3 1.07
2013 1,203 132 62 18 3 1.06
2014 1,268 139 65 19 3 1.05
2015 1,329 145 68 20 3 1.05
2016 1,386 152 71 20 3 1.04
2017 1,439 157 74 21 3 1.04
2018 1,489 163 76 22 4 1.03
2019 1,537 163 79 23 4 1.03
2020 1,582 173 81 23 4 1.03
2021 1,625 178 83 24 4 1.03
2022 1,666 182 85 24 4 1.03
2013 -2022| 4,574,988 500,263 233,994 67,240 10,758
Note: Total =(2013 -2022) x (265 + 100 x 0.5)
HiR  JERRATRT (X[H-4)
Standard & .. Medium (2a) | Heavy (3a) Atrticulated
Year Laree Bus Mini Truck Truck Truck Truck Grouth Rate
2010 951 43 25 6 1
2011 1,033 47 27 7 1 1.09
2012 1,108 50 29 7 1 1.07
2013 1,177 53 31 8 1 1.06
2014 1,241 56 33 8 1 1.05
2015 1,301 59 34 9 1 1.05
2016 1,356 61 36 9 1 1.04
2017 1,409 63 37 10 1 1.04
2018 1,458 66 38 10 1 1.03
2019 1,504 68 40 10 1 1.03
2020 1,549 70 41 10 1 1.03
2021 1,591 72 42 11 1 1.03
2022 1,631 73 43 11 1 1.03
2013 -2022| 4,478,163 201,719 117,669 30,258 3,362
Note: Total = (2013 -2022) x (265 + 100 x 0.5)
2
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Standard & .. Medium (2a) | Heavy (3a) Articulated
Mini Truck Total
Large Bus e Truck Truck Truck o
Traffic 2013 - 2022 4,395,886 1,174,943 635,673 354,555 82,993
ESAL per Vehicle 0.200 0.012 0.381 1.269 2349
ESAL 879,177 14,099 242,191 449,930 194,951 1,780,348
Wi r =7 T F A MgpEET (KH-2)
Standard & .. Medium (2a) | Heavy (3a) Articulated
Large Bus Mini Truck Truck Truck Truck Total
Traffic 2013 - 2022 5499,716 1,327,842 617,776 335257 96,057
ESAL per Vehicle 0.200 0.012 0.381 1.269 2.349
ESAL 1,099,943 15,934 235373 425441 225,637 2,002,328
M =T wbERT (XH-3)
Standard & .. Medium (2a) | Heavy (3a) Articulated
Large Bus Mini Truck Truck Truck Truck Total
Traffic 2013 - 2022 4,574,988 500,263 233,994 67,240 10,758
ESAL per Vehicle 0.200 0.012 0.381 1.269 2.349
ESAL 914,998 6,003 89,152 85327 25271 1,120,751
Hi  EERA AT (K R-4)
Standard & .. Medium (2a) | Heavy (3a) Articulated
Large Bus Mini Truck Truck Truck Truck Total
Traffic 2013 - 2022 4478,163 201,719 117,669 30,258 3,362
ESAL per Vehicle 0.200 0.012 0.381 1.269 2349
ESAL 895,633 2421 44,832 38397 7897 989,180
4
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Pave@nt . CBR Test .
Des ing Station Result Desing CBR Remarks
Section

0+150 9
0+200 9

Secton-1 0+300 :
0+550 2 Soft soil is replaced by selected soil (CBR>6).
0+700 1 Soft soil is replaced by selected soil (CBR>6).
0+950 2 Soft soil is replaced by selected soil (CBR>6).
1+200 1 6 Soft soil is replaced by selected soil (CBR>6).
1+350 1 Soft soil is replaced by selected soil (CBR>6).
1+500 1 Soft soil is replaced by selected soil (CBR>6).

Secton-2 1+750 2 Soft soil is replaced by selected soil (CBR>6).
14900 8
2+100 12
2+300 9
2+550 5 Embankment (CBR>6) section
2+700 2 Soft soil is replaced by selected soil (CBR>6).
3+000 10

Secton-3 34300 4 6

CBR ave. - Standard Deviation =8-2=6

3+450 8
3+700 10
4+050 2

Secton-4 44300 7 6 Embankment (CBR>6) section
4+500 2

5
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R 7= RN
1) ML-7 Intersection

Design Traffic Volume of ML-7 Intersection (pcu/h)

Present (2010) Future (2022)

w
®
©

506

‘ 24 %3 26 ‘ 394 50 @

371 599
To Adams 129 To Adams 25

To Town

To Town

g

1,321

3
g

19 To Kilimani

152

%Y'm
E

390

=

WS To Kilimani

®

1

peoyniiqiy oL
«
£y
g 4
&
©
I
peoy niiqm oL

Evaluation of Present Condition and Improvement Scheme of ML-7 Intersection

B Capacity against present traffic volume (2010):
-No signal operation is inadequate.
-Signal operation is adequate..
C
A
D
Operatio ) ) o
Present: Non signal Improvement Scheme: Signalization
n
Saturati
on Ratio B 0.876
V/C Ratio ‘Queue length V/C Ratio ' Queue length
0.92 ! LT LT
TR K - :
A (2,309 < 2,500%) ° : TH :0956  OK @ TH ;o=
RT  0.30 OK | — RT . RT
TH 212 NG | - LT —
. | B : TH : 0.994 OK : TH D=
g RT 0.46 OK | — RT i RT
= . .
I 0.66 : :
8. TH . OK I - LT B
C (1,660 < 2,500%) : TH ;0677 OK | TH D—
RT  0.09 OK |  — RT . RT
TH 2.14 NG | — LT LT
! RT +  RT

Note: 2,500* (pcu/h) is the traffic capacity of 2-lane (for 2 direction) road.
TR: Through lane, LT: Left turn lane, RT: Right turn lane
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Evaluation of Improvement Schemes against Future Traffic of ML-7 Intersection

Capacity against future traffic volume (2022):

-No signal operation is inadequate.

-Signal operation is adequate. 2-lane right turn

A \'|_- C is necessary for approach A. Other approaches
_LI\ /Li need a right turn lane.
I:I
D [ L 1
Operatio ) ) )
Future: No Signal Future: Signal Operation
n
Saturati
on Ratio B . 0. 89 .
V/C Ratio ‘Queue length| V/C Ratio 'Queue length (m)
0.50 : LT+TH ! LT+TH
TR . OK - : 0.997 OK =
A (4,372 < 8,800**) TH : TH
RT 1.25 NG - RT2  :0.995 OK | RT2 :426
o | o |TH 21 NG - LT+TH  :0.419 OK | LT+TH : -—
: RT 715 NG — RT  :0.992 OK | RT :13873
8 0.38 LT+TH | LT+TH
= TH OK — : 0.829 OK =
C (3,338 < 8,800**) TH : TH
RT 0.31 OK — RT : 0.729 OK @ RT :404
p | TH 465 NG - LT+TH  :0.988 OK ! LT+TH : —
RT  3.43 NG — RT  :0.348 OK | RT :55.4

Note: 8,800%* (pcu/h) means traffic capacity 2,200 pcu/h per lane x 4 lanes
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2) City Mortuary Intersection

Design Traffic Volume of City Mortuary Intersection (pcu/h)

Present (2010)

Future (2022)

1,060

NGONGROAD
To City Mortuary

1093

VALLEY ROAD

m
31

2,248 1,129

NGONGROAD

To City Mortuary

AVM IHLYOVEN

2 359

Evaluation of Present Condition and Improvement Scheme of City Mortuary Intersection

Capacity against present traffic volume (2010):

-Demand ratio 0.890 is almost saturated.
-Capacity ration of all approaches are almost

their capacity.

B
A C
D
Operatio
Present Operation: Signal Operation
n
Saturati
on Ratio 0.890
. E Queue
V/C Ratio '
' length
LT
A |TH 0907 OK ! -
RT 5
LT
Z| B |TH 0895 OK | -
5 RT :
<) [
R oK | -
RT :0.814 ;
LT  :0.506 OK | 176.0
D TH 1 0.937 OK E —
RT e :
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Evaluation against Future Traffic of City Mortuary Intersection

Capacity against future traffic volume (2022):

B
A
C
D
Operatio | Future Operation: Signal Operation (same as
n present)
Saturati
on Ratio 1.748 '
; ueue
V/C Ratio E Q
' length
LT
A |TH : 2.466 NG —
RT
LT E
Z| B |TH  :2287 NG —
5 RT :
%; C TH 1 2.278 NG E —
RT C
LT : 1.106 NG 278.6
D |TH E
RT 1 1.528 NG E —

-Present operation is not adequate.

-Intersection improvement is necessary.

The Improvement schemes with increased approach lanes are compared:

Scheme A: Roundabout + Present signal operation

Scheme B: Roundabout + Revised signal operation (2-direction+RT= 4 phases)

Scheme C: Cross Intersection
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Comparison of Improvement Schemes against Future Traffic of City Mortuary Intersection

Scheme Description Demand Ratio, V/C Ratio Evaluation
Signal Operation: Same as existing | Demand -Not adequate.
1.064 > 0.9
Roundabout Ratio
Approach A&D:TH(2-lane) + RT A TH2 1.014>1.0 NG
(2-1ane) RT2 0.554<1.0 OK
A Approach C: TH(2-1ane) B TH 2.066>1.0 NG
All approach LT is free RT 1.301>1.0 NG
c TH2 1.578>1.0 NG
RT 0.943<1.0 OK
D TH2 0.937<1.0 OK
RT2 0.442<1.0 OK
Same as Scheme A except Denfland 0.806 < 0.9 -Adequate
. . Ratio
signalization.
. . . . TH2 0.924<1.0 OK
Signalization: 2 direction + RT = 4| A
b RT2 0.943<1.0 OK
phase p TH 0972<10 OK
B RT  0980<1.0 OK
o TH2 0.975<1.0 OK
RT 0.943<1.0 OK
D TH2 0.882<1.0 OK
RT2 0.739<1.0 OK
Same as Scheme B, except Scheme| Demand -Adequate
) ) ) ) 0.806 < 0.9 )
C is Cross intersection. Ratio -V/C ratios are less than
(Cross intersection can reduce A TH2 0.849<1.0 OK Scheme B.
signal clearance time.) RT2 0.774<1.0 OK
TH 0.894<1.0 OK
C B
RT 0.896 <1.0 OK
c TH2 0.896<1.0 OK
RT 0.792<1.0 OK
D TH2 0.811<1.0 OK
RT2 0.669<1.0 OK
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3) Nairobi Hospital Intersection

Design Traffic Volume of Nairobi Hospital Intersection (pcu/h)

Present (2010)

Future (2022)

STH AVENU

173
14
1,477* 802
NGONGROAD 661

To City Mortuary 3

1 134 38

395 7 81

v @ ,7
524

1VOYTVLIdSOH

a é 53

ToTown

6

5TH AVENU

A

2 3 65

2532 1375

NGONGROAD 1133 To Town

To City Mortuary

N
3
&
N
N
2
g

Q
3
g
N
8
o
8

W

898

1VOY VLIdSOH

Evaluation of Present Condition and Improvement Scheme of Nairobi Hospital Intersection

B Capacity against present traffic volume (2010):
-No signal operation is inadequate.
C -Signal operation is adequate.
A
D
Operatio
Present: No signal Improvement Scheme: Signal
n
Saturati
on Ratio B 0. 857
V/C Ratio iQueue length| V/C Ratio i Queue length (m)
1.07 i LT LT
TH NG | — :0.994 OK | —
A (2,681 >2,500%) ; TH i TH
RT  0.81 OK | - RT :0978  OK | RT : -
TH 1.3 NG | - LT . LT
Z | B i TH : 0.966 OK ! TH :—=
m 1 1
& 0.66 ! :
TH OK - TH : 0.608 OK | TH =
C (1,764 < 2,500%) ! !
RT  0.02 OK | — RT  :0448  OK | RT  : —
TH 0.14 OK |  — TH . TH
D i 1 0.772 OK -
RT 1.55 NG | — RT i RT

Note: 2,500* (pcu/h) is the traffic capacity of 2-lane (for 2 direction) road.
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Comparison of Improvement Schemes against Future Traffic of Nairobi Hospital Intersection

Y 5 Capacity against future traffic volume (2022):
-No signal operation is inadequate.
=] -Signal operation is adequate. 2-lane right turn is
A —=Hipo oplr=—c necessary for approach A. Other approaches
= need additional lanes as shown in the left
— figure.
o]
Operatio
N Future: No Signal Future: Signal Operation
S - oo
V/C Ratio iQueue length| V/C Ratio Queue length (m)
0.52 ! LT L LT
TH (4,596 < 8,800 OK - TH : 0.681 OK TH o=
: )
RT 2.30 NG i - RT2 : 0.984 OK i RT2 11419
TH 12.8 NG | - LT . LT
Z | B TH :0920 OK | TH : —
E RT 0.02 OK - RT RT
5 0.34
TH (3,023 < 8800* OK |  — TH2 :098 = OK | TH2 : —
¢ ) i i
RT  0.07 OK — RT :0.122 OK RT : 8.1
TH 2.40 NG | - LT £ 0.035 OK | LT -
P lRr 140 NG |  — RT  :0.977 OK | RT  :709

Note: 8,800%* (pcu/h) means traffic capacity 2,200 pcu/h per lane x 4 lanes
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4) National Library Intersection
Design Traffic Volume of National Library Intersection (pcu/h)
Present (2010) Future (2022)
1,013 ; 1,736 E
Evaluation of Present Condition and Improvement Scheme of ML-7 Intersection
Capacity against present traffic volume
A B (2010):
-No signal operation is adequate for
present traffic.
D
C
Operatio
Present: No signal
n
Saturati
on Ratio —
V/C Ratio iQueue length|
TH  0.79 oK | -
A i
RT — - i =
> 0.22 i
TH s K —
2| B (1,899 < 8,800**) OK |
5 RT — - -
e
=2 — — — : —
C :
RT 0.14 OK | —
D J—

Note: 8,800** (pcu/h) means traffic capacity 2,200 pcu/h per lane x 4 lanes
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Comparison of Improvement Schemes against Future Traffic of Nairobi Hospital Intersection

)i

Capacity against future traffic volume (2022):

A -Signal operation is necessary against the future
oo traffic volume.
D —7s ob = o -Left Turn of Approach A is free to go.
10.0
J
Operatio
Future: No signal Improvement: Signal Operation
n
Saturati
on Ratio B . 0.895 '
V/C Ratio ‘Queue length VIC Ratio ' Queue length (m)
A | TH 280 NG | — TH :068 = OK | TH D=
RT — - RT .0492 @OK ! RT  :373
0.37 ! i
> TH (3,254 < 8,800* OK ! - LT LT
s ) ’ ! ) ' _
g B *) | TH :0.0.744 OK L TH
o _ _ ‘ _ ,
g = : :
o — — - — LT : 0.599 OK LT :29.3
RT 0.80 OK ! — RT  :.0395 @ OK | RT 1 6.7
D — _
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5) All Saint Intersection

Design Traffic Volume of All Saint Intersection (pcu/h)

51
118 51 ‘ 395

QVOYONOON

720

1,672 2,351

Present (2010) Future (2022)
2 2
163 £ 279 3
\ 2 \ @
27
16
1,99 1,667 3,423 2,8%
313 VALLEY ROAD 537 487 VALLEY ROAD
VALLEY ROAD P37 ToTown VALLEYROAD " | i ToTown
676

2,867

>
g

Evaluation of Present Condition and Improvement Scheme of Nairobi Hospital Intersection

B
oy Capacity against present traffic volume (2010):
. -If improve Approach A to be LT/TH+TH+RT2 and
A = =T Approach C added 1-lane of RT, the intersection
R capacity become adequate
, D
" i I N '\H
Operatio ) .
Present: Signal Operation Improvement: Signal Operation
n
Saturafi 0.905 0.818
V/C Ratio iQueue length| V/C Ratio I Queue length (m)
LT ’ LT LT
0 1.141 — 2 0. ' L=
A | TH NG TH 0.790 OK . TH
RT 1 1.597 NG 77.3 RT2 1 0.960 OK RT2 1 62.8
. B | LT 1 0.815 OK 47.3 LT 1 0.564 OK LT 1 61.1
‘E LT LT ¢ LT
o '
1 0.920 — 0 0. H =
%; c | TH OK — 0.946 OK TH
RT 1 0.317 OK 73.1 RT2 1 0.574 OK RT2 1 55.9
LT 1 0.593 OK 36.1 LT 1 0.408 OK LT 1 49.5
D RT 1 1.437 NG - RT2 1 0.951 OK RT2 1 104.8
5 .
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Comparison of Improvement Schemes against Future Traffic of All Saint Intersection

i

Capacity against future traffic volume (2022):

-Grade separation is necessary for future traffic.

-Necessary lane numbers of Ngong Road is as

shown in the left figure. Existing lanes of Ngong

=—C
o —=— Road is adequate for the future traffic.
D (i
Operatio ) ) ) ) )
Future: Signal Operation Future: Signal Operation + Grade Separation
n
gﬁtﬁlﬁg 1.195 0.711
V/C Ratio iQueue length V/C Ratio Queue length (m)
LT :1.323 NG ! — LT 10061  OK LT 11.9
A TH3 ! :
RT2 1 0.959 OK E 88.4 RT2 1 0.959 OK i RT2 88.4
LT LT L LT
> | B |TH : 0.955 OK ! - TH :0955 OK TH -
3 RT 5 RT | RT
] i '
o 1 0.828 OK : 114.5 :
& LT2 : LT2 :0.828  OK | LT2 114.5
c | THZ 2537 NG - :
RT2 :0859 OK | 786 |RT2 10859 | OK | RT2 78.6
b | 0799  OK | 749 [LT £0.799 | OK | LT 74.9
RT2 1 0.717 OK E 187.4 RT2 1 0.717 OK i RT2 187.4

A9-35




Ry 7 AT NN— ORGSR

A9-36



A9-37



A9-38



A9-39



A9-40



A9-41



A9-42



A9-43



R 7 R I AN— kN OFHFENT

(1) Design Discharge
Design discharge (m3/s) is derived using Rational Formula. The constants given in Road Drain
Specification issued by Japanese Road Association are referred.

Design Rainfall, R= 127 mm/day (see rainfall data shown in Chapter 2)
Catchment Area, A= 2,208,000 m2 (see catchment area map in the following page)
River Length, L= 2950 m

EL(bridge site)=1728m

EL(top of river)=1770m

H/L=(1770-1728)/2950=1/70

Velocity, V=72(H/L)"0.6 (Bayern Formula) =72(1/70)"0.6=5.6 km/h (=1.6 m/s)
Peak Arrival Time, T=L/V=2.95/5.6=0.53h

Average Rainfall Intensity, = R/24(24/T)"(2/3) (Mononobe formula)
=127/24(24/0.53)"(2/3)=6Tmm/h

Run-off coefficient, f =0.7 (residence area)

Design Discharge, Q=0.2778frA=0.2778x0.7x67x2.208=28.8 m3/s

(2) Hydrology
The hydrology (flood velocity and depth) are simulated using Maning Formula.
Velocity, V=1/n(R"2/3)(1"1/2)

n=Channel roughness coefficient=0.03 (natural surface)

Hydraulic Depth, R=A(sectional area)/P(wet perimeter)

Slope, 1=0.005 (0.5%)

When, Depth =1.65 m and Width= 4.0 x 2 (double barrel),
R=1.65x4.0/(1.65+4.0+1.65)=0.904

V =1/0.03 x 0.904"2/3 x 0.005"1/2=2.2 m/s
Q=AV=1.65x4.0x2x2.2=29.0=28.8 (assumed depth 1.65 is OK)

Therefore, required height of the box is 1.65 x 1.2 (20% allowance) = 1.98 m
Box culvert with the size of W=4.0m x 2 barrel, H=2.5m is adequate to discharge the floods.
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BEH3-1 EBRFKOREHRE LUVHKEEDHE

Left Side 1/2
Check point Catchme Q=0.278 CIA Qc(m3/s) Qc > Remarks
nt Area | C |I(mm/h)| W(m) | L(m) | Alm2) |Q(m3/s)| Structure | 1(%) |Qc(m3/s)| Q
<1>] 0+590 0.8 90.3] 30.0f 590| 17,700 0.355 min.
0.96%
total 0.8 90.3 17,700 0.355|DV-A
(TypeA-2) 0.96% 0.459| ok
0.8 90.3] 30.0f 150| 4,500 0.090{CP-D0.30 0.96% 0.093]| ok
0.8 90.3] 30.0f 450] 13,500 0.271{CP-D0.45 0.96% 0.273]| ok
0.8 90.3] 30.0] 590{ 17,700 0.355|CP-D0.60 0.96% 0.588| ok
<2>] 0+590 <1> 0.8 102.9f 30.0] 590 17,700 0.405
Cross Pipe CP-DO0.60 0.50% 0.424| ok
<3>] 0+890 0.8 90.3[ 30.0/ 300 9,000 0.181|DV-A
(TypeA-2) 0.72% 0.397| ok
0.8 90.3] 30.0/ 130{ 3,900 0.078{CP-D0.30 0.72% 0.080| ok
0.8 90.3] 30.0f 300] 9,000 0.181|CP-D0.45 0.72% 0.236] ok
<4>] 0+890 <3> 0.8 102.9] 30.0] 300| 9,000 0.206
Cross Pipe CP-D0.60 0.30% 0.329]| ok
<5>| 1+460 0.8 90.3] 30.0/ 570{ 17,100 0.343|DV-A
(TypeA-2) 0.42% 0.379] ok
0.8 90.3f 30.0/ 100{ 3,000 0.060{CP-D0.30 0.42% 0.061]| ok
0.8 90.3[ 30.0/ 300 9,000 0.181|CP-D0.45 0.42% 0.181] ok
0.8 90.3] 30.0/ 570{ 17,100 0.343|CP-D0.60 0.42% 0.389]| ok
<6>] 1+790 <5> 0.343|DV-A
0.8 90.3] 30.0/ 330 9,900 0.199
total 0.542((TypeA-1) | 0.82% 1.131] ok
0.8 90.3[ 30.0/ 330]{ 9,900 0.542|CP-D0.60 0.82% 0.543| ok
<7>1 2+250 <6> 0.542|DV-A
0.8 90.3[ 30.0] 460 13,800 0.277|(TypeA-2) 3.10% 0.825| ok
total 0.819|CP-D0.60 3.10% 1.057| ok
<8> | 2+440 <7> 0.819
0.8 90.3[ 30.00 190[ 5,700 0.114|DV-A
total 0.934((TypeA-2) 5.70% 1.118| ok
0.8 90.3] 30.0] 460/ 13,800 1.097|CP-D0.60 5.70% 1.433| ok
<9> | 2+440 0.8 90.3] 30.0/ 180 5,400 0.108|DV-A
(TypeA-2) 2.90% 0.797| ok
CP-D0.30 2.90% 0.161] ok
<10>f 3+120 0.8 90.3] 22.5] 500 11,250 0.226|DV-A
(TypeA-2) 1.90% 0.646| ok
0.8 90.3] 22.5| 300 6,750 0.136/CP-D0.30 1.90% 0.130] ok
0.8 90.3] 22.5] 500 11,250 0.226|CP-D0.45 1.90% 0.384| ok
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Left Side 2/2
Check point Catchme Q=0.278 C.LA Qc(m3/s) Qc > Remarks
P ntArea | C |I(mm/h)| W(m) | L(m) | Alm2) [Q(m3/s)| Structure | 1 (%) |Qc(m3/s)| Q
<11>| 3+460 <10> 0.226|DV-A
0.8 90.3] 22.5] 240 5,400 0.108|(TypeA-2) 1.60% 0.592| ok
total 0.334
0.8 90.3] 225 240] 5400 0.334{CP-D0.45 1.60% 0.353| ok
<12>| 3+710 <11 0.334|DV-A
0.8 90.3] 11.0f 250| 2,750 0.055[(TypeA-2) 1.20% 0.513]| ok
total 0.390{CP-D0.60 1.20% 0.657| ok
<13>| 3+710 <12> 0.8 102.9 19,400 0.444(CP-D0.60 0.60% 0.465| ok
Cross Pipe
<14>| 3+710 0.8 90.3] 11.0f 250| 2,750 0.055|DV-A
(TypeA-2) 1.20% 0513 ok
CP-D0.30 1.20% 0.104| ok
<15> <13> 0.444
<14> 0.055|DV-A
0.8 90.3] 23.0/ 160 3,680 0.074|(TypeA-2) 1.70% 0.611] ok
total 0.573|CP-D0.60 1.70% 0.783| ok
<16>| 4+020 0.8 90.3] 15.0f 310] 4,650 0.093|CP-D0.30 3.10% 0.104]| ok
<17>| 4+390 0.8 90.3] 14.0f 370| 5,180 0.104|U-0.45x0.23| 3.80% 0.253| ok
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Right Side 1/2
Check point Catchme Q=0.278 CIA. Qc(m3/s) Qc > Remarks
P nt Area | C [I(mm/h)[ W(m) [ L(m) [ Am2) [Q(m3/s)| Structure [ 1 (%) |Qc(m3/s)| Q
(1) | 0+590 0.8 90.3| 30.0] 590] 17,700] 0.355 min.
0.96%
total | 0.8 90.3 17,700 0.355[DV-A
(TypeA-2) 0.96% 0.459( ok
0.8 90.3| 30.0] 150/ 4500 0.090/CP-D0.30 | 0.96% 0.093] ok
0.8 90.3| 30.0] 450| 13,500] 0.271|CP-D0.45 | 0.96% 0.273] ok
0.8 90.3] 30.0] 590] 17,700] 0.355/cP-D0.60 | 0.96% 0.588] ok
(2) | 0+890 0.8 90.3| 30.0] 300] 9000[ 0.181|DV-A
(TypeA-2) | 0.72% 0.397| ok
total 0.181
0.8 90.3] 30.0] 130 3900 0.078]cP-D0.30 [ 0.72% 0.080] ok
0.8 90.3| 30.0] 300/ 9000/ 0.181|CP-D0.45 | 0.72% 0.236] ok
(3) | 1+460 0.8 90.3] 30.0] 570[17,100] 0.343|DV-A
(TypeA-2) 0.42% 0.379f ok
total 0.343
0.8 90.3| 30.0] 100/ 3,000 0.060/CP-D0.30 | 0.42% 0.061] ok
0.8 90.3] 30.0] 300| 9,000 o0.181/cP-D0.45 [ 0.42% 0.181] ok
0.8 90.3] 30.0] 570[ 17,100] 0.343[cP-D0.60 [ 0.42% 0.389] ok
(4) | 1+790 0.8 90.3| 30.0] 330] 9900[ 0.199|DV-A
(TypeA-2) | 0.82% 0.424| ok
total 0.199
0.8 90.3] 30.0] 140 4200 0.084[cP-D0.30 [ 0.82% 0.086] ok
0.8 90.3| 30.0] 330/ 9900 0.199|CcP-D0.45 | 0.82% 0.252| ok
(5) | 2+250 4 0.199|DV-A
0.8 90.3] 30.0] 460] 13,800] 0.277[(TypeA-2) [ 3.10% 0.825 ok
total 0.476|CP-D0.45 | 3.10% 0.491] ok
(6) | 2+440 (5) 0.476|DV-A
0.8 90.3] 30.0] 190 5,700] 0.114[(TypeA-2) [ 5.70% 1.118] ok
total 0.590{CP-D0.45 | 5.70% 0.665| ok
(1) | 2+440 0.8 90.3] 30.0] 180] 5400/ 0.108]DV-A
(TypeA-2) | 2.90% 0.797| ok
CP-D0.30 | 2.90% 0.161] ok
(8) | 3+120 0.8 90.3] 225 s500] 11,250] 0.226]DV-A
(TypeA-2) | 1.90% 0.646| ok
0.8 90.3] 225 280] 6,300 0.127]cP-D0.30 [ 1.90% 0.130] ok
0.8 90.3] 225] s500] 11,250] 0.226/cP-D0.45 [ 1.90% 0.384] ok
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Right Side 2/2
Check point Catchme Q=0.278 C.ILA Qc(m3/s) Qc > Remarks
P nt Area | C [I(mm/h) Am2) |Q(m3/s)| Structure | 1 (%) [Qc(m3/s)| Q
(9) | 3+460 (8) 0.226|DV-A
(0+000) 0.8 90.3[ 22.5] 240 5,400 0.108|(TypeA-2) 1.60% 0.592| ok
total 0.334|CP-D0.45 1.60% 0.353| ok
(10) | 0+280 (9) 0.334
0.8 90.3] 15.0f 270| 4,050 0.081{DV-A
total 0.416{(TypeA-2) 3.00% 0.811f ok
CP-D0.30 3.00% 0.164| ok
0.8 90.3] 15.0f 270| 4,050 0.416{CP-D0.45 3.00% 0.483| ok
(11) | 0+360 <15> 0.573
(10) 0.416|DV-A
0.8 90.3] 150 80| 1,200 0.024|(TypeA-2) 3.00% 1.014| ok
total 1.013|CP-D0.60 3.00% 1.040| ok
(12) | 4+020 0.8 90.3[ 15.0/ 310 4,650 0.093|CP-D0.30 3.10% 0.104| ok
(13) | 4+390 0.8 90.3] 14.0/ 370[ 5,180 0.104{U-0.45x0.23| 3.80% 0.253| ok
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